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TO OUR READERS, 

Upon oomroencmg » new volume of this Journal, wo beg leave 
to offer a brief aUteuieut relative to our paat^ «8 well aa to our 
fntiire li^bonrs. A glance at the iudex accompaujiDg tbia present 
■nmbtr will show the variety and importauce of the papers, as 
wail S4 the number of the illaatratioDa, that have appeared iu 
ihm6 pagea during the last year, illustrating the englueering 
mad archiierlural progress of the coontry duriDg that period; and 
W' ■ " ;.i found alao that we have oeglected no opportumty 

o! eour readers auhjects cbiiining their attention, 

lUKi pottseasea of peculiar interest. The volume for the coining 
jretr will coDtain several new features, one of which will consist 
ol a series of original sketches of early French Architecture, 
pnttctpally Ecclesiastical^ that have not previously been published, 
^i,.l T/* a rrreat extent, ifrom buildings of which no publishetl 
ii: i ^ eitst. These we believe will be foaud of couaiderable 

v;t ,._ - ie architectural student Another feature will be the 
endeavour to give only such plates as will be of permanent value 
for reference for practical and professional purposes, and also to 
tocrease the monthly number of the plates. It is also proposed 
during the current year to give regularly the papers read before 
the Architectural Association, and a report of the proceedings at 
their meetings. Many of these papers have of late years been 
extremely valuable, and they have not always been reported itt 
this, liT any other professional journal. 

Frtt:i : t esiabliahment of this Journal it has been made 

tlie rt] t every class of information coming within the 

•cope lis 11 i..^.-...-.. ^.jj ^Q ^^ig ^,g jj]^n|[ adhere. 

The encL 1 1 that has for so njany years upheld this 

•work, we gi;.tt ,..*., .^ cv..ijwledge, and we entertain the nope that 
it will l>e extended to us during the progress of 1866; and we 
trust that our Engineering and Architectural contiibutors will 
afford us a continuance of such oommunications as have been 
bilherto placed at our disposal. 
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WORKMEN'S DWELLIKGS. WEST HILL PARK, 

HALIFAX. 

(With Engratringi.) 

Ta« proof fsheets of a work on the eve of publication, under 

the aanciion of the Society of ArtR, entitletl " Tht Homet of the 

fforkijig Classef"* by Mr. James Hole, have just reached us, 

mher too late to do justice to it; butj as far as we have been 

able to scaD its contents, it seems to be one of great value, and 

• TUv BoifMi of tha 9ivtki&i CI »«»««, irUb ettgE«itlona for ibelr improTenMOil, 
yf jMtom lIoi«w K«lUir>r uf U}« ' Eiatury of the UechuiiOf' Initlttttoi/ dtc.» 8to. 
P9W 109, i»bii«i. Lo«id«n, Loi^pDaa, tad Bfthm k Soni, Letdj, 



just Bucb a work as la now required to enable the public fully to 
understand the important question of the day, the necessity of 
jynytsiding mitable dwell ngi, at rtaMona^k rate*^ for the imrioui 
grades of the working clmses that require th^ m* In the work 
before us there is scarcely a point in connection with the aub- an 
ject but what our author has w*ill considered: he points out ■■ 
most forcibly the many existing evils arising from limited spao^« ^H 
bad ventilation, and want of drainage, with which those of ^^ 
limited means have to contend, and shows the advantages that 
will accrue to master and servant by aflbrtiing healthy and suit- 
able dwellings for the sons of labour. Many of our wealthy 
manufacturers are fully sensible of the untit state, both as 
regards space and arrangement, of the residences uf their work- 
people* and would, we hope, gladly lend a helping hand to better 
the condition of those whose industry brings their wealth, bat 
the want of knowledge as to all the bearings of the subject, 
perhaps, prevents I hem; it is, we imtigine, to bring the subject 
in a simple and nnmiatakeable way before capitaTista and the 
public generally that Mr. Hole has entered upon this arduous 
task, which he has performed, if we may form a rather hur* 
ried opinion upon it, with great induf^try and cousammale 
judgment. There are many gentlemen who have taken up th« 
subject; but amongst the leading men of the day, none is 
more sensible than Mr. John Crossley, of Halifax, of the ^ 
advantages that the manufacturer would derive from afford- ^M 
ing the artiznn an improved and better state of things ; for this ^H 
great and praiseworthy end he has started a scheme, which ta ^V 
fully unfolded and illosirated in the work before us, for the 
erection of improved dwellings, called the *' West Hill Park 
Model Dwellings." 

Mr Holesays the object is ** to encourage thrifly artizans, clerks, 
and others to obtain freehold dwellings fur themselves* In 1862 
Mr, Crossley purchased a very eligible plot of land iu the 
suburbs of Halifax, bounded by the parallel thoroughfares of 
Gibbet-latie and Hanson-lane. Invitations were sent to the local 
architects, and also to Messrs, Faull and Aylifle, of India- buildings. 
Cross-street, Manchester, offering premiums for the best designs ^« 
for laying out the land, and for the houses in each class of ^M 
dwellings. The plans were publicly exhibited, and the dr^ ^H 
premium was unanimously awarded to the Manchester architecta ^™ 

A reference to the * block plan,' see Piste 2, will show the 
principle adopted in the laying out.* Streets with through 
communications pass at right angles fi'om Gibbet and Uaosoa 
lanes each side of the land; therefore cross streets were mad© in 
connection with them. These are given iu the centre of the plot, 
and are each 40 feet wide. The ground rises rapidly frnrn east to 

* In oar oexi wc .ball fftre PUl«t 1 Uid 4» «lucb Mill ahow Xb» ikilfttt Laliilil 
«rrnDfeineD( of thje WMt-hiU Fmrk dwelUoiti. 
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»««t« htii In iifULrly \*trn} croM«i««; theref'/re th« hnnmtn are 
rMi^idy 'ItMjffAtMi itk \hufn row* from v^nth Ui north. Th« upaciM 
>Ativ<9arrj iht: if',u^M *A i\%*i r*iH\i»!ni\v*s row* not JMrJMfj r*'^«ir*'l for 
ir»fiI':M tfttffi':, *r« 4ip[/ro(«riAt««l U/ flow'sr-tfkr'J^n* havirj;( a public 
cftijMWAjr jrj th«s f'j^uirti ."/ f«:«!l wid«, Aud rj«at iron f«ncin(( Uj 
nw:\*/mi t'ju'.U KHr*i*iU. ^Jf/f/'/%it<; i^a/rh #rn'J of ';*cli front iipace a 
«tr»}«:t 0(/«rn« out ifj^i iUf. hit(h¥rhy, ctn-l ((iVf.'H facility for acc<:fM br 
f»riii, A(c. iff iU*' nirirt'in .it th<s \tfit:k of th« houMt. I'uMic rievr 
of\»fUik nlrtifM in not 'l^hirfiM'?, th«r<-for<j filiort MocIch of houM;* 
am Ilia':':' J front iri;( dDAtt-l tiwi llminftit \mi*!H, which r«rnrl«r th«ni 
in thin c^iM? coniparHtivf;|y j;rjvat«;. By thin arrang«;rnfnt the 
<4ccij|ianlai of th«{ r|w<IJin;^ti havi; tivury in'lu':<:ment t/> k«ep the 
fr*min of thiir hoijii';M n«:at an'i ti<iy — all uniiif^hily hut nccftsary 
oiMfralionN Mnn nftni'iutui Vj the b;ick, and Hhut out from the 
puhlic rye. 

It wan ori((inally intended that the houfiefi in claiiH No.4 ishouM 
\m ere<:tifd for n)Mt\ii £\(H) tiivih, excluHive of land, Htrf^;Ui, MewcrH, 
and arf!hiUi';t'if ronmiifiifion. It wfie found, however, that the 
deMireil a'!fy»nnn'i«lAtion could not \Hi ohtaine^i in fiuVifitantial 
buildini^N for mich a Nniall amount aM thin; and the cjfit wae 
th^^eforl• f\K*'A at £i:V). NothwithMtandin^ their increaiied 
valin*, thft iihta of 'cotlafffN* NtilJ alUchr^J ItHclf tf) the dwellinj^ 
in thJN «:liMii; and the arran;(enientH were plauneil acxirdin^ly. 
A MfiaciouH family living room next the front, and af{ood scullery 
at thn hack, a Nmall ndlar IhiIow, and throe lidlro^miii above, 
■rnimml lit funiiHh i*ytiry rc'|uiHitefor an artiz;in'fi family; but now 
that tht« houNim havii \}twu taken up and occupied, itiH found that 
thn inhaliiLanU an* of a higher cInhh, and aH a natural n'Hult the 
gmund lliior ai-rafif^iimenLN have proved uiiNuiUible. Two rowH 
iiulv of tlniHii iiwiillinj{H havi* Imen erecti'd — namely, at the ea^t 
end of the lanil. The otiirr two rowH to the wcHt of the lant- 
iiamoil (marknd rlam 'A on block plan, Tlate 2) have been erected 
on a dillVrimt plan. Tin* area of f(rounii occujjied in coiiHiderably 
lar)(«ir, thi« con inn Lh of each hotiMif, nxcluHivtMjrouibuildingrt, l)cing 
riHipnrtivcly AM anil -U] yardH, but this dwellinf^ rooniH in thiMcaHO 
am pliu^iMl at thn Itack, ami the fnint ih UNed for a parlour and 
fintrnnri* iuwhih^* partiii<>n«*cl off TIiih arrangunient givcfl great 
■atiNfacLioii, and the hoiiNeii aro nmdily taken up. Thciio four 
niwM, oontaining in nli (i:2 houHCfi, are all that are yet erected. 
OtherH will fullciw in due time. 

It will bn HcKUi liy the elevation that no attempt htw been made 
ti make thonn buildin>;>4 an^liihrlurally fine. The few features 
iiitriNluiniil m«rvi« to nnlcem tlinm from |)oMitivo plainnonH, but 
that Ih all. AnOiilectural eirccl ih reitcrvttd for tlie Iiouhch facing 
the main thorough fa n>N, wliioli will be for a Huporior class uf 
(UHnipantN. All the building tvirried nut ho far haH lH>en sulMtan- 
iially done, and thi^ tittin^N and inU'rnal conveniences have been 
fsrefully atteiideit to. The outside walls are facfd with dressed 
' wall sUmos' frmn lliediHtriotipiariieH, backiMl with rubble stone, 
and lined with brickwork. The intrrnal walls are of brick 4^ 
iuehes thick, exivpt the ' fmrty ' wiills, which are \) inches thick. 
The HHifs are ivwnrcil with gotHl Welsh slate, and iNiintcd with 
uicirlar underneath. Ventilation Ilui*s are {irovidcd from the 
nHMUH, And st^^am Hues from the sculleries. Over each doorway 
In the iNidrotmis lliore is an opening lilltsl with (lerforatiMl zinc to 
admit fresh air, and a similar o]NMiing i*ommunicates from each 
iMHlriHUU with the nuif. From the roof there is an o}>eniug into 
a ventilating Hue, which rirn^s lH>twe«Mi the smoke flues up to the 
ttip of the cTiininov sl.-ick. All the windows have sashes double- 
hung, and niv gl:i/.i«d with good 1(1 tt/. and *Jl o/.. sheet glass. 
ICaeh house is ^ell supplied with cK>st>ts on both fltMrs, and the 
vellara have stone shelves and everv nnpiisite. Water is laid on 
IV\uii the stn^et m.-uns Xw the soulleries, and gas is pn>vidod to 
each of the gn»und lloor nuuus. 

The net ismt of the houies in cl.iss 1. inclusive of land, stnu^t, 
and sewer f««rniation, an\l leg.il and aivhitect's expenses, v^c, has 
lieen alKiul /ItiO l'.u< e:t«*h house. The hiMises and laud, &o.. iu 
class 11, will ts«sl ab,iut i*.*70 each. The iutern.il tinishing of these 
latter houses, and alst\ the external tnutment, are superior to 
th«Hie in cbiss 1. 

Thehoumvi in ct.iss««s Nos. \ and ^will Ih> of a still more ex )>en- 
•ive eh.*irac(er, e^itim.ittsi to isvit /;t:h) for the houses in clsss ^. 
and jf.VHt (\>" tho^* in cKtss I. Thest^ art^ intondtsl for foreme a 
and the higher fviid ol.tss of clerks. S|vice is reservist for schwds, 
Ac v^e the ImuKs eye representjition.^ The West'hill-l>ark 
ilwelUngs i^tsscss a givrtt advant-igt«: they are pleas.<\rttly situate 
itt the up|vr |»Arl of the t >wu,and oh>se to a lv.^u;it\il public |virk 
(ivvu lo the town by Sir Krancis l^ivviMley, lV'«rt., M V. 

Ta show how a working man way Ihnnmuc iheiiiWuer of one of 



thew honm% thr»ngh the aid of the baildiog society, we will tak« 
the cost of a dwelling at /I60, which haa to be paid for on th« 
completion of the building, when a eomplete oonveyance of th« 
priperty li given to each poxchaBer 

Thn purchM«r finds ... ... ... £40 

Buil^iiiig society ... ... ... ... ... 120 



160 



Vf^ the s^lvaoce of £120, lubscriptioo hsa to be paid at 
th«: ratA of 5fl. [>er week or £13 a year, for a period of 
V2 years, when principal and interetit are paud. Tliii 
Tn&kes ... ... ... ... ... ... 156 • 

During this time there has been the saving of rent, say 
£H 8fl. a y*Ar, which has asaisted to make the above pay- 
mentti, and must therefore be deducted ... 100 16 • 



55 4 

40 

24 

119 4 



Amount furnished by purchaser 
Interest at 5 per oeot. thereon... 

Amount of cost of dwelling ... 

Thns he obtains for £119 a dwelling worth £160, besides the 
use of a superior dwelling twelve years sooner than he could 
otherwise expect to secure it. 

The advantage is really greater than thus stated. In practice 
it would be difficult for a working man to invest £40 at 5 per 
cent, interest in any other way. He is not only enabled to do 
this, but to capitalise his future rent, and make each payment of 
it accumulate at compound interest. 

We cannot conceive any more practical method by which 
employers of labour could raise the condition of the employed, 
than that adopted by those true 'Captains of Inaustry/ 
Kdward Akroyd and John Crossley, in their organisations for 
realising to their workmen the ownership of their own dwellings. 
How viistly might the relation of employers and employed be 
improved, to the great benefit of both, if employers would take 
an enlightened and humane view of their duties to those 
dependent upon them. Assuming, for the sake of argument, 
that the old teachings of Move your neighbour as yourself,' of 
' doin^ unto others as yon would be done unto,' are antiquated 
if not obsolete doctrines, superseded by the new lights of 
'supply and demand,' 'buying in the cheapest market,' &C., 
wo do not ask the capitalist to pay one farthing more wages than 
those fixed by the most rigorous competition, yet he might 
easily eflfect a vast improvement in the homes of his workpeople, 
and so iu their ffcuend condition, by devoting a rery little atten- 
tion to that suDJect. His superior intelligence, especially his 
better acquaintance with the details of business, would enable 
him to assist his workpeople in obtaining dwellings of a superior 
character. It has been said by the author of the Claims of 
Ijabonr, 'that the devout feeling which in former days raised 
august cathedrals, might find an employment to the full as 
religious in building a humble row of cottages.' 

If a capitalist erect works iu a new and sparsely-inhabited 
district, he is also under the necessity of building dwellings for 
his 'hands.' But if he erect works in or near a town, he very 
seldom thinks it necessary to make any such provision, but 
trusts to the existing supply ; in other words, he is the means 
of drawing additional population to the place, and so of over- 
crowding the existing inhabitants. He throws upon others the 
res|>onsibility of building houses for the new comers, if they 
think fit; but if they he not so minded, his hands must crowd 
into such lodgings as they can procure, and must suffer whatever 
evils in conso<iuence befall them, and for which the employer is 
really as morally res|>i>nsible as if he had directly caused them. 
It uiav be a very convenient arrauj^mcnt for a capitalist to sink 
the whole of his capital iu his mills, machinery, &c., leaving it 
to the s(>eouIative spirit of cottage-buililers to fiud dwellings 
for his (Hvple; but is it just to those employed, or to his neigh- 
Unirs ? Yet there are men who put dowu I'aiye mills, and yet 
never take the slightest thought whether their hands can find 
houses or not. That they leave to the laws of 'supply and 
demand.* .\nd what kind of pi\wision is thus insured the 
cottage districts of every manufacturing town can tell. Pecu- 
niarily he is oden a Kv«er by this neglect. If his workpeople 
h.tve to walk a cimsiderable distance to their work, the men K^ss 
of physical energy and effectiveness is cvmsiderable in the coarse 
of a year. If they are badly housed, he will loee much iu their 
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ibiMiOt tiiroQffli sUlroesA, adcI still more by their idleness and 
VM^fiilnMi, UJ« re«nlt of Uicir low tuoml tWling and want of 
•ilf«re»p(et. Ltirge tictoij owaers have ofteu ;ulmUtt>il that 
vbalrrer thej liare spent in improving the education and social 
cmdiiif^n of their workpeople, h.%s been a mnat protitible invest- 
■ml; aad turvly, aminig nil the positiv^e couditioud of improve- 
Wtmi^ none are so powerful aa a clean, com far table* and healthy 
dwelling;' 

Want of sBAce prevents our entering further npon the contents 
v( Mr. Hole a work ; in oar next we shall endeavour to maJce 
Qitr ^eBld«r8 fuUy aoquaiated with its great value. 



ENGfN BERING IN AUSTRALIA. 

The fFiliiam^town Graving Dock. — Since the oomplettoii of the 
luain tniitk litie of !he Victoria rai ways, comparatively few 
•ftgirn nttioos of importance have been undertaken either 

1>j^ the I'^nt or by private individartia; nevertheless, one 

or t»u ^^-^"^^^ uf m,ip:nUnc!e hare been commenced, one of the 
moat noteworthy of wlii :li is, the Willinm?itown Graving Dock. 

The wan^ - ' ^ ^ »vmg dock in the vicinity of Melbourne has 
kHlpbeeQ ^ nany have averred that the interealaof the 

port liave . . . .l.. m consequence of vessels of large tonnage 
having to go to i^ydoey, or even to the United Kingdom, in order to 
etfect repairs which, but for such a want, might with advantage 
Lave been conducted here. 

This it> convenience ia now about to be remedied, the colonial 
p^vemment having detcrnnoed to exi>end a sum of about £100,000 
in the construction of a dock at Williamstown. The site was 
cboaen so as to render available^ aaa foundation, a mass of porous 
Imaalt r«>ck known to exist there, which is much better suited 
the great weight of masonry than the shifting sands 
^1 je, on the other aide of Hobson's Bay, are. The work 

I to De c unpleted iu several distinct oontracts, and is expected 
to be finished in three years' time. The reason why it will ta\'e 
#dlong to construct is, that the work ia to be a yearly progressive 
#116, aod its cost to be defrayed by a sum placed on each yearns 
Mtimatea sufficient for the pur^HJse. 

Tli« first contract^ which ha^^ been taken by Messrs, T. Glaister 
nsid Oo^ involvea the construction of 100 feet in length of the 
d niing the head wall), the amount of the tender for 

*i :J3,000. The dock is to be 450 feet long, 50 feet wide 

at th« btHtoui, and 80 feet at the top. The side walls are 
provided with seventeen courses of steps, each 18 inches high. 
The bottom of the masonry rests ou a bed of Portland cement 
eoncreie, 2 feet thick; i^vb this comes the invert in two courses, 
one % feet, the other 3 feet deep* The total height of masonry 
id Uie aide wulls is 32 feet, and all the upper courses are 
Jo ' ether with 6-iQch cubes of the same stone aa is used 

IL 1 ruction of the rest of the dock. 

1 no material with which the duck is constructed ia that 
known in the colony aa ** bluestone,'* a hard, heavy, extremely 
linrable basalt, easy to work, and geologically of very recent date. 
This material is extremely abundant, and can be obtained in 
atjced blocks, some of those used at the dock weighing as 
!i AB 7 tons. 
^ Borne difficulty has been experienced from the great influx of 
water from the sea, and this will probably become still more 
terioua as the work advances sea- ward; at pi'esent a No. 4 
Gwjnne's centrifugal pump, actuated by a I2'hor8o engine (a 
Clayton and Shut tie worth's portable) suffices to keep it under 
bv ' working night and day. Another difficulty arises 

it rge clay-boles that occur in the rock on which this 

part ut Lho dock rests. The entrance to the dock will require, 
Mbfe it can be oommenced, the constroction of a large coffer- 
dam, and ia intended, when the dock is completed, tol>e closed 
hfj means of a caisson. 

Tiw construction of the dock is being carried on under the 
«Qp«rrisioR of the Public Works Di»partuient, and the plans 
wttn drawn by the gentlemen in that division of the public service. 

It ii worthy of note that the Williamstown Gravtug Dock is 
tke fint piece of work done in the colony, iu the construction 
«f vhich tttsam overhead travellers, now so commou in England, 
liav» be>ea brought into use» 



MATERIALS MOST APPROPBTATE FOR LONDON 

EXTERlORa 

By J. Douglass Mathiws, A»R.LB.A. 

Members of the architectural profession are not unfreque&tly 
censured for allowing their noble art to degenerate into a mere 
fashion of the time, and its purity to be sacrificed to meet tht 
qaestionabte taste and caprices of those who are ignorant of Itm 
true principles. In reply to this accusation it should be urged 
that as population increases, trade and commerce also increase, 
that the necessities of the community most be considered, and that 
architecture aa a creative art must be sui»j<?cted to eluinget 
adapted to the re(|uireraeuts of the population, even though it be 
at the sacrifice of some of it^ chai^cteridtica. In no way cin this 
be better shown than by comparing London of the past wttb 
London of the present. It requires no little stretch of the 
imagination, when we traverae the busy streets of the Metropolis, 
with the duuble linea of perfectly vertical houses, erected on the 
regulation principles laid down by the Building Act; to picture to 
ourselves tl)e habitations of our forefathers aome two centuriea 
and a half ago — when each successive story overhung the one 
immediately below, so as nearly to obscure the clear light of day. 
To fancy the old quaint and picturesque half-timbei'ed baildings, 
with their low-fronted shops, and wiih no better means for the 
display of marketable coramodilies than a board, which was made 
to do double duty — as a stall by day, and a shutter by night; or 
the principul story, with its small panelled wainscoting and its 
thick mullioued windows, the casements thereof filled with semi- 
opaque glass; and then to contrast all this with the Metropolis of 
the present age — when each newly-erected building is endeavoni^ 
iug to surpass its [iredecesaor — and stone, metal, glass, and 
colour, are almost indiscriminately pressed into the set vice of tbe 
builder, ia order to attract the attention of the passenger, or 
to serve as a publication of the importance or wealth of its 
ocQupter. It cannot be doubted that the houses of the olden 
time were as beautiful in the eyes of iheir architects^ nnd as well 
suite<l to the requirements and circumstanoea of their owuci'S, a« 
those of tlie present time are to theirs; and however much we 
may be induenced by artistic feeling and Meditevnl predilections, 
there are few that would consider the Loudon houses of Uie 
seventeenth century fitted for the uses and habits of the present 
day. 

Necessity often compels men to do much which their taste and 
judgment would coudeuiii; and the architect is uot always to be 
blamed tor carrying up his building to an immoderate height, 
and apparently supported at its base by enormous plates of glass 
between slender piers, when, if left to follow the dictates of his 
fancy, govenied by the true principles of art, he would limit it to 
a proport-iunate height, and give to it, not only tbe reality, but 
the appearance of ^tability^ — intirxiuciug such an amount of 
appropriate decoration as would give the emporium of commerce 
the lightness and elegance of the dwelling house. 

At no period since the great fire of London, in 16tl6, has 
rebuilding t»een carried on to so great an extent as during the 
last few years and at the present time; and probably at no former 
period has the art of architecture been so greatly appreciated by 
commercial and mercantile men in their buildings as now, for 
thei*e are but few who consider their capitfil well ex(>ended 
without their new buildings possess some considerable archi- 
tectural pretensions. 

The present value of ground In London, and especially in t)i« 
City, bear* no proportion to its value formerly. Thf^n, the annual 
value of the building was determined by the cost of the erection, 
with a comparatively small ad'litiou for ground rent AW, the 
reverse ts the case, and the capit>liat has to calculate the amount 
of rent he is likely to obtain by the occupation of every available 
portion of his premises (in height as well aa surface), befoi-e he 
can venture to purchase or rent the ground upon which they ai-e 
to stand; and a few hundreds spent in external display are 
fouuil to be productive of a large increase to the annual return. 

Perhaps there ia no aubjoct more difficult to an architect 
to design than many I/ondou exteriors^ of which the following 
particulars may be taken aa an example. The site has a very 
narrow frontage, and that in an equally narn»w street, the 
a«ljoining and opposite houses having ancient light, which must 
be respected in order to avoid threatened injunctions, or claims 
for compensation for dimininhed light and air As much light 
must be obt lined in the building ttaeif aa is pos4ble. Everf 



dVIL ENGINEER AND ARCHITECT'S JOURNAL. 



Itcb of apace miiRt he econ^^rr -- ^ '^nd at the CommistioDers of 
Sewers scarcely allow an indi u on tbe public way, tlicr© 

if littie jooiu for architect urai j,i..jt . ljqd. 

In CBsea of tYiis kiud it ia obvious that the truly orthodox 
ClftiBsio Btjie (with thecjEception of the rigid Orecian, an prevalent 
^bout 40 years ngo) woald be JDndruissable. The iive orders place<l 
one above auother would be absurd; a bay of a Florentine 
|»alaoe» whose chamcter la breadth and grandeur, would be 
inappropriate; the true Ecclesiastical Oothic altogether incon- 
g^ous; and a reproductioD of the dwelHuga of the aeveoteeDth 
century but ill adapted to the requirements of this age. 

Whattheu ia to be done? Light being so essential, the new 
Ivuilding most have no exti-eniely proniinent parts casting their 
fWp shadows over the upper portions of the windows, and thus 
Ut»» effect which is given to buildings situated in open spaces, 
and which contributes so lar^iely to the author's design, cannot 
be obtained for him in a city street The architect, deprived 
thereby of the opportunity of giving relief to his design by the 
contrasts of light and shadow, ie compelled to resort to some means 
by which the otherwise extreme simplicity and plainness of the front 
of his buildiug may be relieved, and which shall harmonise with 
the general design. This relief may be obtained by a judicious 
use of materials that not only possess, but retain pure aod 
brilliant colours. The consideration therefore of the materials 
beat adapted for London exteriors, both for durability and 
appearance, may well form the Bubjectr^matter of an easay at a 
time like the present; and in treating the subject we shall divide 
it into two parts, viz., constructive and superficial. In the former 
will be comprised those materials which form part of the structure, 
SB stone, brick, wood, iron, &c., and in the latter, those which are 
applied aAer the building is erected, as cement, encaustic tiles;, 
and other ceramic manufactures, moeaic, &c 

In stone most architects have a material which will generally 
satisfy them more than any other, and especially in liondon, 
wheie there is every opportunity of procuring stone of all kinds, 
the easy trausit by rail and water offering great facilities, lu 
its use an architect is lef^ unfettered: he is not limited to a par* 
ticiilar thickness in the members of cornices and other mouldiugs, 
which is the csise with lirick, and so frequently interferes with 
the oarrectuess ofhia design; if he desires minuteness of detail, 
the material will readily allow of it; if he wishes to introduce 
variety in colour, he can have it in the glorious hues of the 
English stoues. But while these are some of the advantages, 
tliefre are ethers which prove disJidvantageous to the use of stone 
aa ft building material; among these the principal are its cost, and 
the difficulty of procuring such stone as will resist the action of 
the weather and the I^udou smoke. The obtainment of that 
boldness of design which is nec^.'ssary to give grandeur and 
effect to a stone fa9ade, is rarely to be met with in a London 
exterior. 

Although stone may be had iu London at a very moderate 
price, jet it cannot bean eoononiical material unless its compo- 
nent parts are such that will stand the atmosphere; and the 
Mtonea which alone can do this, are brought from a distance, and 
are so close and heavy, that the charge for carriage and increased 
labour in working, swells the amount so considerably as to pre* 
vent its uuivcrsat u^. 

The stones mostly in use are the sandstones and Hraeatooes. 
The majority of the former sre composed of quartz aand cemen- 
ted together by some foreign compound substance; when this is 
■iliea, they will be almost unchangeable by the effect of tho 
atmosphere, but more often with carbonate of lime and clay, 
which are easily worn away by the action of rain, and soon allow 
the stone to be disintegrated. Laminated stones are generally 
liable to decay, being composed of mixed grain, and formed in 
water frequently give o If water iu evaporation when exposed to 
the air, and absorb it again when rain oomea, and are also very 
flusoeptibia to fro«t. The Craigleith stone of Edinburgh ia the 
most durable sandstone, and the Yorkshire beds stand next in 
order, while genenilly the red stones are the least durable, being 
IVequenrh ■ 'ti^ inpd with carbonaceous clay. It is a matter of 
regrret t'l Kiies should prove so treacherous, as there are 

few lim* lit have the tine deep tones common to sand- 

stones. Much of the enchaoting character of ruins, so delightful 
to an artist and antiquary, is due to the use of sandstones; as 
however an architect is not required to build ruins, be moat uae 
%lone on whi<:h he cnn depend, 

LimostooeH are of two kinds: the carbonate of lime, and the 
aarbonate of Ume and magnesia. The former comprises amongst 
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others the oolitic stones of Portland, K el ton, Ancnrt-r - 
Bath. The latter includes the stones of Yorkshire, I" 
Bolsover, Mansfield, and others. If it could be en au re J «,,.,. 
the msgnesian limestones there were equal parts of carbonate 
lime and earbonato of silica, they would be valuable, but 
want of this they often prove very treacherous, as is cvid< 
by the stone used in the Houses of Parliantent, which is 
the Anatou quarries in Yorkshire, and waa considered to approaefl^ 
closely to the Bolsover stone in Derbyshire, which occupies 
high place in magnesian limestone both theoretically and nrai 
tically, but on account of the beds being too thin was confide 
tiseless in building the Parliament Houses. In reporting on tb( 
decay of the atone use<l, the committee appointed by the Houi 
of Commons at^ites, "That it is obvious that, although somi 
varieties of mnguesian limestone are an excellent and durable*; 
material when not exposed to the deleterious influences of tk 
London atmosphere, yet that in London it is subject to causes of 
decay which render it an undesirable and unsafe material lor th9 
construction of public buildiugs." The same committee in speak- 
ing of Portland, says, ** It ia equally obvious, that Portland stond 
well selected has been used in buildings in Lnudon from the dat# 
of St, Paul's downwards, and under cii^umstancea of great expo-^ 
sure, and with moat successful results. Portland stone is 
material to be obtained in any quantity, in blocks of.any si 
beautiful in oolour and texture, reasonable in price, not by an; 
means as bard as Ancaster stone, and yet with a power of resist 
ing the influence of the London atmosphere that leaves little to 
be desired. U must be remarked that Portland stone should hm 
carefully selected, an operation which would be most salistiM^- 
torily effected by an agent at the quarries," 

This latter clause suggests an important hint, and it ibouli 
always be i-emembered that the particular bed as well as thi 
quarry should be inquired into; this is readily seen by insp^ 
ing the river front of Somerset House, built with Portland stoi 
by two different masons, the lower portion being perft?oUy 
and sound, and the upper part very while and with seal 
good stone. If the choice of the stone is enlruate^l ti> the 
he will frequently use the softest^ as being the esjsiest to 
and making the cleanest job when completed. Portland has 
only the advantage of being the most lasting stone, but also i 
beiuGT capable of sustaining a greater weight than almost any otbei 
Tisbury stone is a good limestone, Bath stone, aUhou^jh just* 
celebrated, is scarcely to be depended upon for London buildini 
If it were possible for stones to be quarried, and worked soi 
montha before they are set, there would be far lew decay, as t ^ ^ 
outer surfaces would so harden as to prevent the entrance of raill" 
and frost to a considerable extent. 

The chief reasons why the atmosphere of London is 8u 
tive to stone and other materials, are, Uiat a great »| 
caibon and sulphur is discharged by the lungs of the inlniui 
and by fires (the combustion of conls for the latter ex 
three million tons per annum in London); the soot reailily ad 
and if not speetlily removed, soon commences the work of decoi 
position. The removal is scarcely ever attempted, except 
rain, whicii in ita downward course is affected by the solid sul>* 
stances floating in the atmospfiere, sol jble in water, ^nd gen( 
rally containing carbonic gas, sulphuric acid gas, and sulphate 
ammonia, which together form a coating which soon acts on il 
cementing medium of the stone. The more absorbent a ytone ' 
the sooner it will decay, as iu winter especially it boUa 
water, which soon freezes and in the expansion incident |herel 
breaks the stone to pieces. Much decay may be pi^en' 
by protecting the more exposed projections by lesil, and 
occasionally washing by the hose of a fire-engire, or otiita-wii 
the more sheltered parts, which generally decjiy tie sUqik 
as the sooty incrustation is seldom disturbed by the w|fid 
weather. 

The question of the preservation of stone, either by a i^ 
of some substance which will form a species of waterproof 
to modify the chemical condition of the surface as to roaj 
softest stone as hard as an imperishable rock, ia a very 
one, and one which time alone can determine. Many 
have been tried; any process whereby the stone ia prtii 
otherwise disfigured should be opposed, as by being so t 
the truthfulness of the material is in a great measure I 
cement would answer all purposes and be considerably c| 
Hnnsome's process seems to be the best, and has so hr. 
successful : it consists of coatiug the surface with a sol 
soluble sihcate, and afterwards with a solution of ebloridj 
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dtmi, hj ^lucli an tnsoUibld nilicate of Hme is formed la the body 
ef thm al^ooe or other iiiatv-riJiL 

a 8U»ue iMiildiog breadtL ehould be uttidied as 

Me, a« rioUiiiig lt>ok8 more unaatfsfactorj tbau 

: ifi-fi, which atoDce deuoie iipparent weakness in 

liich ought moat of all to give the appearauce uf 

'" r^h. Iminmtely ussociated with aanJ au I 

' older fiud harder nmterialii, granite, aod 

uni }.fn^ wbicli lend ao grertt a charm, aiid 

L would without them be cold and 

i 1 so ready an et*ca|>e for the evil just 

i of, in U3U)g a naTOW atoDe pier, by Huhstitulio^ a 

; ?*irongcr materiah whereby no room ia loat, and a far 

iwure ptt?afring ond satisfactory efiect ib obtained. 

Omiiii^ is a iitaterial nbouadiDi;; in Englnod, Scotlaod, aud 
Ireland^ and can be obtained of almost any colour. It haa the 
jidvmnta^ iti being as little liable to decay as any material, being 
ocuTKiscii of crystalline matters, aud almost unabsorbent and but 
liulf* exposed to injury, it la capable of taking and retaining A 
i poh«h, which 19 evidenced by many specimens used ex- 
My in Loudt»Q many years aince. The material being of 
b a hard natnre, anrl therefore expensive to work, will etfec- 
iiially prevent ita bein^ ornamentally worked to any considerable 
^^.^..» When ornament is introduced, it should be incised, as 
r 1 to the malerial A simple bat very effective mode 

4>i ' ornament has recently been adopted at the new 

of6«e> yal Insurance Company in Lombard- street, where 

the ii: _ round the principnl doorway are of poliahed 

granite, and ihe ornament apparently worked afterwards, and left 
rouu'ii from the ehiaeh The coat of grauit*, conaidering the difli- 
'jf working and its weight in transit, ia not great, and 
''«^, as it becomes more largely used and more machinery 
i^ to bear in Cutting and polishing^ the expense will be 

g luced. 

ScfiJinaine is a material that ia said to offer complete resist- 
mtii» to th^ L(jndon atmosphere. Its chief ingredients are silica 
ar ' Ma. ; being very close grained, it is capable of bearing 

i< t fKilish by friction, which it is sjvid to retain perma- 

Iieuuy. Like granite, it can be obtained in almost any colour, 
•Bii of moil era te sijEe. Although its .advantages render it very 
desifmble for use where it can be cloaely inspected, it cannot be 
Ifrnerally recommended for external use, on account of its heavy 
npfpCdinince, as street dust will atjon accumuhite aud form a 
Wiftlloj; even on polished material, and this would soun obscure 
tli« beantiful but small veins with wlilch it abounds. Its cost is 
^mi^what more than ordinary granite. 

It would be almuat an impossibility to enumerate the marbles 
which are Uj \k found in the United Kingdom, The Iiish, Der- 
byshire, Staffordfihit*, Somersetshire, and Devonshire are those 
beat known. A visit to the Museum of Practical Geologj, in 
J«rmyn-street, will give some idea as to the infinite variety of 
colour to be obtained by tlieir use ; there seems little reason 
wl.y, with such beautiful raateriala so near at hand, Italian 
aud other Continental marbles should enter so much into 
Ihfi construction and beantification of English buildings as at 
*— «wjnt. 

Marble, as a rule, will stand the London atmosphere, although 
-specially the Derbyshire, there are small crevices into 
tN I :uu enters, and in time caui^es decay. It is not pru- 

K. ;ver, that marble will ever enter largely into external 

A*: r I ii, as, although capable of Ukvng a polish, it will not 
kt: _' M it when exposed to the atmosphere; and the mere 
f.- iig marble without being permanent and lasting 

i," which it can be for long without polish), is an useJess 

■ iiuire, 

ly experiments have, from time to time, been made, and 
fio., L ' "btaiued, for the manufacture of an artificial stone, by 
whi li ludce endeavours to make up the deficiency existing in 
ikalare; but these, with few exceptions, have to be tired, 
wliidi renders the prcKsess expensive; and, unless great care ia 
IwatowerJ; the materials will be imperfectly burnt; and, when 
iitvuJding and other delicate portions are required, are very 
HaKte to twist in the process. 

M. Coignet man u fact ures an artificial stone, composed of 
•afvd, f(rey lime, and Portland cement, mixed with a little water, 
«od allowed to con^^oliJate in monlda. This material has been 
in uw largely in France since 18JJI, and a church near Paris 
is aaid to be entirely built of it. TIda process seems a difficult 
un«, and its succetsu must depend on the proper slaking of the 



lime, and the purity of the Portland esement,— difficulties jd 
Loudon, at least, almost insurmountable. 

The material, however, which seems to combine excellence 
with cheapness, is that patented by Mr. Itansome,. called '* con- 
crete stone'' (pnzes for desii^na in which were offered by the 
Company to our Association last year.) It consists of sand mixed 
with slli4>^t6 of soda arul water in a mill, fi-om which it emerges 
a thick paste ; it is then immersed in chloride of calcium. A 
chemical combination at once lakes pluce, which tirmly cements 
the sand, and a true sandstone is formed impervions to the 
acLiori of the atmosphere. Its colour is good, and it can be 
moulded into almost any form, und, if required, undercut as 
much .OS ordinary stone. It hardens very quickly, and is ready 
for use soon after it is made. The cust of man nocture is small, 
all the inftterialn being close at hand; and this, with the addition 
of the strong opinions expressed in its favour by some of tbo 
most eminent chemists, amnot fail to bring it sooner or later 
into very genertil use. From experiment made, it is found 
capable of resisting a greater pressure even than Portland stone. 

The material, however, which must oc^'upy the architect's chief 
attention is Brick; for, great as may be the advantages offered by 
the f'jregoing and other materials, they are all more or less expen- 
sive, — Ik gi-eat cause for which is the cost of carriage; whereas 
clay abounds in and around Loudon to an almost endless extent, 
and is easily con ^^er ted into brick, in the nmnufacture of which 
it obtains the double advantages of bising a durable and cheikp 
material. 

No manufacture is more ancient than Uiat of brick, and it 14 
worthy of remark that» in whatever country clay waa found, its 
bnildinga were generally of brick rather than stone ; and it i« 
surpriaiug, considering its extensive use, the art of bricknmking 
haa not, until quite recently, taken itspi-oper position among the 
arts und sciences. 

Much has lately been done In the way of improving both the 
material and the setting, but there is still much remaining to 
be done; but at the present time, when such millions of bricks 
are being consumed by our great engineering works, it is pro- 
bably too much to expect; but if some manufacturer could be 
found, willing to take up the matter as an art, he would find 
ample scope for his exertions, aud would doubtless in time be 
crowned with success. 

The advantages of brick are numerous, but cai^ must be 
taken not \jo overrate them. While calling in its help to give 
colour in his fagade, the architect must be cautious as to its use ; 
aud, while employing it onmmenudly, must be careful that tlia 
ornament is adapted to the materiaU This is of importance, 
and warrants special attention. Some of the disadvantages of 
the bricks at present in use are their coionr, size, and ooai'seuess, 
and also the uneveuness of their sides and edges. 

Everyone must hnve remarked in passing through our streets 
the frscpient failures in brick buildings from the want of harmony 

fjrevadiug theni, and this is in a measure unavoidable; the 
i mi ted colours which c«n at present be obtained frequently 
necessitate the employment of one colour ihTOoghout, or relieved 
sometimes by bands of bricks of a strong contrast, or by cutting 
up the surface into a variety of forms and of various colours, 
whereby all breadth, depth, repose, and harmony are loat. In 
the present day, when science and art work so harmoniously 
together, it b not too much to hope that ere long we may have 
bricks of a variety of colours, so that a correct polcyhromatic 
effect may be obtained when desired. The want of this desidera- 
tion is much felt in I^:>ndon, perhaps more ao than anywher| 
else; as in a narrow street red or dark colored bricks would bo 
out of taste, and the only alternative, therefore, at present is 
cream or yellow as a facing. 

The aiaie of the bricks is a great impediment in design, for 
although most useful in carrying out the requirements of the 
Building Act as to the thicknesses of walls, it fetters the arch i- 
tt*ct greatly in composition ; and this is shown by the dispro- 
portiouate Ibrms adopt4^l in many buildings, whereby the effect 
is sought to be obtaine^i wholly by coloured brick. So long ai 
this impediment is allowed to exist, so long will buildings hick 
that purity of form so distinguishable in those of the ancients. 
Correct fram and proportion must be primary ; ornament, 
colour, and decoration are (though important) secondary con- 
ffidemtions. 

While the Act ot Parliament was in force restricting bricks to 
one size, we can reutUly understand why no endeavour was mad© 
to alter it; but now thJit it is altered, it is a matter of regret 
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that other sized bricks, capable of being worked in with tlie 
oommou stock*, ar^ not more generally manufjictiired. Bricks of 
about the ihickDefis of tiles conid be very advnntogeonsly used 
aa bands, and often with better effect tban an ordinary ooars© of 
bricks. To borrow a auggestion from Mr. Harris, contained id a 
lecture before the Aasociation, ** Bricks 13^ -f 9 or 9 -f- 9 would 
afford a good opfKirttioity for a sunk ornament being stamped^ 
and filled iu with a clay of another colour, and burnt together ;" 
or even aUimped without the introduction of the filling, and in a 
variety of other ways. 

One thing especially should have the careful attention of an 
architect in his fjondon htiildiogs — namely, detail He haa 
seldom the advantage of breadth, or the help of nature, to make 
up fur plainness and coarseness of detail, which is often the case 
in the country, and he must remember that his building luis 
only itself to rely on ; it is not only that portion that meet-a the 
eye of the passer-by that requires the careful «ludy, b«t also the 
upper detaiU. This is frustrated, in a great measure, by the 
bricks at present iu use, and especially where they are used 
deooratively as well as constructionally; and on this account 
many a design, good in it^lf, ha« been entbely spoilt by being 
carried out in a coarse material. 

It is with great difficulty that a brick-front is worked neatly 
without the aid of tuck-pointing; this is, or ought to be, inadraia- 
sable, especially where colour is used, as it seriously cuts up the 
design, and destroys all breadth and harmony. When bricks are 
used AS projeutions in string-courseSt pilasters, ^c, they ought 
to be first stjuared and rubbed, which, however, adds greatly to 
their cost, atid does uot, after all, make satisfactory work. In 
moulded bricks this is especially necessary on account of the 
inequality in burning. The coaraenesa of the jjurface, however, 
farms probably the chief ground of complaint. The roughness 
allows the soot and other matter with which the London atmo- 
sphere is charged to lodge on their face, which, instead of being 
washed off by the rain, becomes a paste, and fills the pores of the 
brick with the coating pi'eviously hanging on it; theri^fore, 
notwithstanding that a brick front may, when finished, satisfy 
the lidmirers of colour, yet after a time the whole etTect is lost, 
the bricks soon losing their colour, and darkening unequally; 
this is especially oliJ^ervable where red bricks are used in conibi- 
natiuu with while or yellow malms — the former being frei^uently 
pressed, and consequently not so porous as the latter, retain their 
colour for a much longer period. 

Induration is put forward as a remedy, by filling the pores of 
the brick with a coating im[>erviuu8 to the weather, and 
doubtless it does succeed to some extent; but the great want 
«till is — a brick well, truly, and sqnarcly made, with a slight 
^lazQ on its surfnee. Bricks of this description were in use in 
Nineveh and Bribylon, nnd more recently in some of the older 
builiiiogs ;it Harrow and its neighbourhood. Bricks with a 
very high ^daze for whII linings, &c, are manufactured by 
iilesani. Miuton; but both on account of their cost (vipwarda of 
1#. each) and their high glaze will always prevent their use as an 
external mal»'riaL It may be objectod that buildings faced with 
glared maferinls would nave an unpleasant appenninoe when 
Been in any other way than in direct elevati**n, as their glaze 
would reflect the light; bat it is a questioa worth coiiHideratioo, 
which is the least evil ? It has l>een said that the sun is never 
visible in London, and in some streets this is almost true; but 
at any rate almost every house is in the shade or fog more than 
half the year. If a glaze could be given to bricks similar to 
that on common stoneware, a great and laatinrr good would be 
accomplibhed, and nothing would do niore to relieve the streets 
of London from their dreary, gloomy, and in some cases almost 
dejected appearance. While hoping that such materials will 
soon maktt their appearance, a little careful study in detail would 
not be thrown way. An hour's careful designing will often 
produce more variety iu brick forms than is generally thought, 

Terra*cotta forms a valuable adjunct to a brick building; 
being capable of receiving almost any ara«'>unt of ornamentation, 
and haviitg the additional advantage of being impervious to the 
atmospheie- The real meaning of the word "is burnt earth." 
It* components are chiefly clay, flint, glass, and fossils, the latter 
cnutaiuing phosphate of lime. These are crushed and pounded 
together, and forinotl into a paste, with the arldition of a little 
water; then ground in a mill, and afterwards thoroughly beaten. 
It is then rimdelled into the forms required, iti J -illowed to 
harden; afterwards put into an oven, which is 1 uMently 

to /lattially vitrify it, and then allowed to co^ ., .ly, and 



withdrawn. Its manufacture haa existed for raany centune 
and its durability is evidenced by the reraaiDs frequently broiig 
to light. The coat of the production of terra-cotta is small, " 
like all other moulded articles, the chief cost is in the modellin 
Its colour is a great recommendation, and h^rmoniseaj 
with brickwork. It haa lately been used largely iu cou^tr 
some examples being the building:^ at the Horticultural So 
Gardens, the Charing Ci*os8 Hotel, a church near Manche 
nnd a portico in Cumberland-street, Hyde Park. It is ntiXt 
that the entire cost of the latter work, including modelling, 
less than if executed in brick and common stucco. If this 
80, its cheapness will greatly recommeiMi it; but as a gener 
rule this mnst not be Uiken as a guide. There are, howeve 
disadvantages in the employment of terra^cotta which should ' 
borne in mind in employing it as an orntimental materij 
There is always a great risk in firing, owiug to unequ 
contraction. In the case of continuous moulding and ornameo 
this 13 a serious drawback, as it is well nigh impoasibU" 
for the various blocks so to join that the true liue may be kept. 
Temi-cotta is also a brittle material, which must prevent its um 
where strength is required, and especially if exposed to jarring. 
If useil externally in a damp situation, it frequently receives an 
unpleasant green tint, giviug it the appearance of neglect and 
decay. Mr. Blashfield, of Stamford, has of late given 
attention to the subject, and has succeeded in an adti 
manner. There is no doubt that, like most other manuf* 
articlea, terra-cotta will improve aa it becomes more general]^ 
used. 

NotwithstandiDg that, as a rule, iron as an external build* ( 
material is objected to by architects in LiOndon exteriura, its use j 
frequently thrust upon them. It is impowibte to defend it in i 
artistic point of view, as its wiry lines ever give the appearance I 
weakneHs, notwithstanding its actual strength. The chief recoil 
mendations are — strength, the power of spanning large opening 
and occupying kss space than other materials, all of which i 
advantages that demand attention, especisUy where every f 
room gains additional rent, and every foot of windo%v ligh 
prof>ortionately reduces the gas bill. The present Building / 
precludes its use to any considerable extent, but there are mean 
of getting over this difficulty. It therefore becomes every arehl- 
tect to take the matter up carefully, ever bearing in mind 
the fundamental principle in its use should be truthfulness, 
iron admits of much ornamental treatment, but all orn 
should be suited to the material itself, and not mistaken for itoi 
or other treatment. W rough t-iron may be ornamented to alma 
any extent, and, if desired, an iron structure may be so desifliii 
as to allow of the use of tiles, majolica, and other materi iyb j 
panels. 



PABI9 BIPROVEMENTS. 

The expenditure of the City of Paris, apart from that of i 
StJite, for works of public utility during the present year is giv^ 
officially at two hundred million's of francs, or eight millii 
sterling. The application of this sum is as follows: — 

£ 

Public promenades and plantations ... ... I,2ij0,0^ 

Waler iupply and sewers 1,^20,000 

T: ' difioes, botpitals, municipal buUdings, [ ^ ^qq q^q 

I._i ..L ... ... '.]'. * "'. ... S.0»>0,000 

£a.000,000 

Of all the public works the sewers are beyond question tl 
most important and the most difficult of execution, and tn 
progress which has been made during the last hw yeai"S, notool 
iu the extension but in the improvement of the system of ther 
great outlets of impurity is one of the most important facts iu tn 
history of Paris. It appears that in the year I860, the total leng 
of all sewers of the city was lo,366 metres. The additions ma 
since are as follows:— 

UMrcA. 
From IBOO to 1881 there were constracted new | ^^ -^ . 
sewers equal in extent to . \ * 

1832 to 1839 ... ... 50J70 

1840 to 1847 ... 27.804 

18*8 to 184t> ... 6,y25 

lS£0t«>1865 . 2l,7aS 
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la udditdoa to tlte Above, the brmncbee for the Bervice 
nf [invftta ertabliihmeQta amouut to 

Th« whole Axnonnting to 3SS,>15I metres, or more th&n two 
^lltiQdrerl and thirty miles in length. 

Another Dew public garrlen is abnat to be forme<l in tho foiir- 
nth arroDdiseinent of the city. The site selected is the plateau 
Montsoaria^ an elevatetl spot comrnanding the valley of La 
Jievre and atfoixlio? a fine view of Paria and the aurnmadtng 
ouulry. The Pare of Montsoaria, will be connected with tho 
kin boulevards of the city by a road forty metres wide, to be 
Jled the Boulevard Jourdan, and will be approaclied fxx>m 
ihcT qaarters by fotir other roads, two of twelve and two of 
aty-two metres in width. The new park will cover an extent 
r|tial to nearly forty acres; thepArk of the Buttes Chaumont, now 
L eioaiiie of formation, covers tifty aorea, the Bois de Boulogne 
Etd the Bota de Yincennes are reBpectively 3000 and 310C) ocrea 
Rd extent. 

Immense works are now nnder hand, with the special view to 

the improvement of the approached to the Exhibition of 1867. 

Tlio whole of the ateep hill known na the Trocadero, and which 

^ extends from the old village of Chaillot to Pnaay, ia being cut 

~owt, and three new Bonlevards will shortly pierce this hith^irto 

oconrcniont suburb^ a ncf connect it directly with the river and 

;jis Elysees. The enormous quantity of rubbish supplied 

[X vorkn id being carted to the Champ de Mars, to form a 

iitioa for the new Exhibition building. In connection with 

at work may be mentioned the widening of the Bridge of 

icna, which will correspond with the main axis of the Exhibition 

milding; the pathways are to be adiletl to the roadway, and new 

otways eoostrucied on each aide ot the bridge. Opposite this 

ridge, on the atrle of the Champs Elyscea, will be a fine open 

e, called :he Place Josephine, and in which will stand the 

fitue of the Empress. There are six churches at the present 

uoment uniler construction, two large structures, both nearly 

Snished, in the heart of the city, and fonr in the outskirts. 

Next to the new series of sewera, and infinitely more open to 

pdlilic appivcjation, the new markets will probably be the moat 

triking worlc:^ which the municipal government of Paris will 

bave to ihow the world in 1867* The great central halles, or 

narket, with ite broad streets all under cover, (which has already 

en described in the Journal^) ia rapidly appro.*iching completion, 

Qd wil! becerfainly the finest e^itabtlshment of the kind in the 

world; the market of the Temjjleand ihatof St. Honore, situated 

in the very heart of the city, nave been entirely reconstructed, 

four or five others have been greatly improved, and six new mar- 

"keU, lo i^eplace those which have been demolished, are now being 

' ere<:ted in the same style a^ that of the great central market, that 

U to flfiy, on colunms of ci^t-iron, suppi^rting lofty, welldighte<i, 

rjMid wellventilrited roofs formed of iron^ zinc, and glasa, with 

ixteusivf^ cellars for tlie storage of stock anrl material, and sup- 

Dlicd with water and dnunage in the moat complete manner. 

Two other markets are also under consideration, and by the time 

h« great Exhibition opens there will probably not be a specimen 

eft of those aasemblagea of dirty huts which formed the old 

nu^kelA, and supplied refuges to myriads of rats, and so were 

any sinks of pestilence. Two of the six new markets now 

Plunder coustroction, cover respeclively areas of 2tXlO and 2700 

•quare yards. 



msTrruTioN of civil engineers. 

Jhc 12,— Thfl Paper read was on ** E.rpertmerUa on the Strenfffk of 
Vm^nf, ckieify in r^ertnce to ike Portland ctmcnt used in ike SJuthen^ 
'Main Drainatje Workt" By John Ga.iXT. M, Inst. C.E. 

Thli ocnnmimiofttkm related to an eitea«ive «erieB of experfibento, the 
ktesultf of which wer« reconled in vc'luininoiis tables fomung an appendix 
Ifto tJie pftp^iT, cturied on durinst the last seven yea», with a view to insure 
I f AT M puMible that -^- - tit and oth^r malerials of the bcAt quality 

oiilil be employed iri rn Main Dnunage work«, of which the 

" or ha*i chari?G as r ineer- 



Ab a preliminary step, 
all the priniripol mjuiu' 't. The 

avemga weight of thest ..,| ....... ,.jr biwhel, I 

and iJtey sii«tained brt^nking or t , at iJiu end i*f amouth«| 

VArying from 75 lb. lo 119 lb. ij[ ir- iticUen. A clauses Wiwtl 

then iuw*rted in the flpedti eations to the titkct that the Portlnod et'ir.e':tJ 
tf» bo UBtjd in the worka sbould l>e of the vcrv >w§t qtiality, and gn>ujHll 
extremely tiue. weighing not le*« than 110 lb, lo ta« strikv^l Htj^holH 
and ca|jahle of resiiitiiig a tire.^UiiDir weight of 400 lli. upon an u.n'A ] | J 
uiiih ^f^aare, equal to 2\ equare in'^hi^, Mevcn days aft*'^ i..ml r unde, 
and after Ixsing immerw?*! ia water ft^r the whoTo of ii Hie] 

Btandard was sahecquently raised to 5iK> lb, mi the Hani' *^rca, J 

which was that uaed throughout the experiments, Dwring the \mi mikM 
year* 70,000 tons of Portland cement Und been u^ed h\ (hHt*** workRif 
which extended over a length of 18 miles and hi«l i - i)00. | 

This quantity of cement had b»>f.n Fidmiittetl to al>t)Ut h ;«ndl 

tefitH, at a coat of only five farlhiiigH pt/r ton. Thi ' ; • ■ i fi»rl 

shnwiug the tenalle strain wa$ a lovt^r halancp, c P,i 

Adie (Aasoc. Inat C.E.), and its ftr^t cost wai ft It I 

vrm 90 Bimjjle that an ordinary workman could bo tnwted to test the J 
cemont, and the cost for laUair did not exceed £30 per ammm fbr eat^b J 
machine. 

The uiannfacture of Portland cemcnti required extreme care in tb«] 
admixture of ite tiro BiTi;' ^ 'i ' " '" • ' - ' ►milt,! 

it being neoMsaiy to vai ih*s I 

chalky thus, in white ch.^,., , , . i .. .- ' ptjrl 

cent., and in grey chalk diatnctt* from Hj to *2o per cent, of tfapj wh<i1tf I 
bulk. The loanafacture was carried on ahno^t exclusively on tht? h«ukt| 
of the rivera Tham«a and M 'id way; the clay, which ihould tc tkM free] 
from liiaod as poBsiblo, being obtained from the creek* and bays i»^twcftil 
8het:moas and Chatham. Lomj;^ expfrience now • ' ' ' ' ' orkai 

and others to detect the qu.tlitieji of the ' by 1 

weight. Very strong Port! » >-* " " ^ » »'- ^ liur,! 

and i»et pJowly, in fact, the 1 ^ rUij 

Rtreugth. Quick-setting will n\ of 1 

clav in ita eoinpiinitton, ^aa hn^%vu in omJhuit, aud turned oul wc^ik, if noil 
Ui^eletL^i. Id the fint Qchfidule of pn'>"> 2jr. "Ad. per bumhel was imtnrtad;] 

I value. 

It was effscndal that consta&ti 
1 uiL that only clean and «harp Mamll 
Uvit the ccmeut was ofdy ^upphedl 
N) a state f»f paste, whicli v.jtg lnNt I 
aooompliahed by mean* of a perforated nnaxlfj at tbr end of a pip© or J 
watering can; that the brick?' or itoiv*« wi-^^e thnrntp^hly Bfti'ir*l^fl with T 
water, so that iu setting the > tioul 

of th«i moisture neoe^aary f"! rent! 

of water waa prevented from ^kh.*..' i- ,»vf,i m^ (--nutu, <n Lu;i.fLi-ii the] 
joints, dfjring the progree;] of ^ttiiit;, aa thia would wu^h away the 1 
•oluble silieatei. I 

The refiultfl as a rule were the average of ten tests, the naraplpR VuigJ 
immer8e<t under water from the timo of setting to tb'3 titne af testing. I 
Thp tablea showed that, during the last iix ypara, 1.3fl&,210 hd&heli of J 
Portland cement had been eubnntted to 11,587 teats, and that tliel 
cement was found to hoof the aver V^ '»f 114 5 Ih f ^-' ' \ And} 

to poasew an average teiudle streug I iU. upnu 2 iit^i*, [ 

lieing 614 and 21 percent, in exmf<s 'jjtecilitd stiu U w.in J 

also asoertainofl fiat, iTrovid*;d PorfeUud cenieut Ij« kept Ireo trum m/)i»>' 

tore, it did not, like Roman cement, losse ita stn^ogth by beiij: kejit m\ 

eaaks or in sackft, but rather impmved by ag*:' — a ;*Tciat a 

cue of ceinent which had to be t-xfM>rtpd. Kxpi-ninenLK, 

periods varying from one week tn ' 

weighing 112 lb. to tho imperi«il 

varying proportiona of iliffert^nt kii. .. 

was stnjtjger than any ailmixtuie of it ^ 

equal quantity of «»aiid (as bail t>eto thee:'. 

Drainage Works); the cement might be said U* ire, At luo tud of h year» J 

approximately thpe«o- fourth* of the atreogth of n^'^t. rwmMnt- that whh^ 

two, three, four, and five part? of sand t<i ont of > 

was rea}teCLively one-half, one- third, onts- fourth, r,u i 

of neat cement. Other exi>enriienta *howed t^ * 

mouthv, neat oement kept umler water in u h^uII 

ooA'third strtmger than that which waa ont "^ »ndj 

exposed out of doors to the action of tho vvcHttier, HimI bitucktt »( brick- 1 

work, or concrete, made with Porthmd f^^inon^, ii* tri'pf iitiHKT ^nU*r ontill 

t«*juired for use, would be much t^( 

and that salt water waa as good f-i 

w» tor. Bn uka of neat PortI 1 1 r ' 

nine monthn, wiUutood a 

rey|H?c lively, or eqiTal to the b 



but tliig waa far ab<:>VD its pn 
But the testa were not aim 
BUperviKion should be ex^ "- - 
ibnidd be mixed with tl 
with sufficient water t" 



bricks of cenjcnt mixed with four and tive ^arta oi eujid, 1 

equal to the bc«t picked atock brinks; ^hdc Portland 9^ 

aisK, bore on its bed a crushing wt^i-.'ht of 4/ UntHf antj 

somewhat lean, and Bramley Fall ntotw suitaioMd on it 

and against ita bed 541i tone. !*> ' ' 

proportious ot une of cement to f»i\ 

cvcly used for the foundations ui .... ..._: 



Ixue a 



irt sat 
^f nfimlarl 
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fcMtrfmn irt CrottneMi, nn wbH lut fnr th« fcmndAiionit gPoemlTy b^th there 

aij'-l ' ' '' :-'Mfd, with ll,« "' -iiooc«#. It '. ■ ■ ' * kt it 

Dii I mure aih ftin a (^uks rric 

or .,i,..^..«-..r. .1 ,. ..I- tfrick.-^ iTr.vv r..>iL.^, aiid 

ffM; lituro of tiintj and money, 

T\ I 1 mojit be taken that the 

Wfeter wria itiii, na ■ currfetit, whether imtural or cauBed by pumpisgy 
would c^rry away the ceuJent atid IcAve only clean bidlABt. Roman 
^EDtiUt, though MlMiut two-thirda of tbo coet of Portl&iid was only 
about one thinl its strength, and waa therefore double the cost when 
mrMUfcy] by §trength. It was^ beaidea, vtry ill julapttid for being mixed 
with iund, 

Tn r..ii. IiH^in, \ht* wtthor, whil«t recommending Portland oemeni afi the 
bt- iud that co\iM be used I)y the en^neer or architect, 

"W;!.- ho wa« not pPii-iTikrcd Ui take the trouble, or incur the 

tridiiig tfjhjHUei^ uf tcAtiug', not to use it; om, if nianufacturvd with im- 
proper pnipftrtiuua of ibt ownptitueota, chalk and clay, or inipiopcrly 
bunit, It iiii^ht do more inisehief thim the potpredt lime. Further 
cxpcriment/i were d*>«i>able, ou the etrenitrth of ndliesion between bricka 

lurl ' "t nriJ.r vafying circumatances; on the limit to tha increate 

of -e; on the reWtire strength of concrete made with 

VHt ! of cement and ballart; and on the use erf cement 

in vtiiy hoi chiiiJ4U»Kf w btre pnittably extra care would he reqiiirtMl in 
pit^^rvinrf the cement from damp, and keeping it cool until the procesi 
©r -^ i l»efi^u completed. On these and other important point«» 

tb >tt*l thai all who had the opportunity would record their 

oLm.1 <.<*li^'ix-, tind pres«nt them: to the luBtitution. 



The Annmal Gtnertd Meeting. 

Pec. IP* 18fi5.— It wa« remarked in the Report Qf the Council, that 
the position which the Institution had now attained miiRt be satit^factory 
to all it« memberB, and eminently bo to those few istill Uving who, many 
yeari aro, vrben young men, laboured earnestly to secure for it a 
recognised place among the 8cienti€c societies of the Metropolis, They 
t«i^iod to have anticipated that a time would arrive whed, as a m*l»er of 
cour«e, every one in any way connected with the profesaion would belong to 
the Institution; for in the charter of in^ granUjd in the y^ar 

IS^."*, a« well aain the bye laws and regul i upon that charter, 

^^^^ j^ ■■ .* on "civil engineer" was ma.v ^ . ...^i ace every bnutch of 
©ij. \cept that devoted to the military art. It was well that 

iJn »j constantly borne in mind, so as to prevent that which 

shoold ever be one united body being split up into sectiona. ^flicra 
seemed to be no reason why, at this time, any limitations shonld be 
intmduced, or any rtstrictions be impoaed, tacitly or otherwise, whioh 
might operate to render leai comprehsnaive and complete tho perfect 
embodiment of the profession in the Institution; and in thtit view efforts 
should bedirectwj to consolidate all branchtis under one corporation, and 
thus to add materi&lly to the power^ influence^ and importanca of the 
prufciiaion at large. 

There had been twenty-four ordinary general meetinga during the 
paat session, when twelve papera onlVt out of those submitted to the 
couneil, liad been read, owing to the protracted and animated dlacua- 
sions to which they ga^e rise, ijf theae communicati(.»n8 one-half had 
reference distinctly to foreign enterprises or discoveries, including — a 
^p-v ri..tinn nf Qigjird'a injftctor, probably one of the most ingenious and 
011] s of uiechartism of modem timea; an account ot the Docks 

»u . '^<^e at Maraeilles, where the imports and ttxportii were 

eatiniated to amount to thre<; million tons per annum; a notice of the 
Cbey-Air bridge, on Qm l^ladras Railway, and particularly as to the 
methods employeti for n/iising the water out of tlie foundalions; an 
acQQunt of the Drainage of Paris ; and two Essays on the Diicay of 
Materials tn Tropical Clinjatos, and the methods empl4»yf?ti for arresting 
^ud pi^vonting it. At home, the works for the Main Draiitn.ge of 
London and for the interception of the sewage from tlie River Tliame^, 
were fully detailed and illustrated; a description was given of the Gre;*t 
Gnmnby iRnynl) Docks, with a minute account of the enoloaed land, 
entrance locks, dock wiiUs. &c. ; the particulars were recorded of a 
htt^dily interesting experiment — the employment of locomotive engines, 

for - traffic, on the Festmiog Railway, a mineral line with « 

g:r t only; the mamtenanLe of Railway Rolling -^tock was the 

tu! , uifcfuJ communication, embodying the atatiatlcs for a period 

of llai teen years, of ah the atock belonging to the North Eastern Rail- 
way Company ; a careful and elaborate in^^uiry on Unifomi Stresa in 
Girder work, suggested by a previous diacussion at the Institution, and 
by which it was nought to be maintained that unifomi utress was 
[perfectly consistent with the utmoat economy of materials; and a 
dcacilpnon of the river Tees, and of the works upon it connected with 
lh« njiv Ignition, 

It was atated Uiat arrangements had been made by which Volume 
xxii. of the Minutes of Proceedings would be in the h.inda of the 
membcri in February nejtt. Volumes xxiii. and xxiv. in the months of 
May and Augnni following, and Volume ixv. for the prcacint arsaion 

ijj»» thr« mectingi were again resumed in Koviimber, lh6(J. 

in Uii: belief that many members and asi^ociattt of the tnstitntiOD 



were in the habit of making oliHervations and exp^mtntfi, on anbjfyjte 
connected with engii " ' \ r.t 

Fematucd as notes i; .^ 

council urg«?d the niw.., ,« ^.. ,.,,v.,..u,^ ..^.iw^ ,,. m,,, tjui, i.ji iue 
purpose of forming an appendix to the minutes. 

About three hundrud volumes had been added to the Hhrary during 
the year ; and a portrait of the late 8ir William Ciibitt, past preeideot), 
by Mr. Boxall, R.A., had been receive*! from hia Bon, Mr. Cubltt. 

The tabuisr titatc^n^ni of the transfers^ clectionM, deceases, and 
resignationa^ ahowc^d tbai the number of elections had been 1-I2, of 
deceatea »1, of resignations 5, and of eraauree 8, leaving an eSectiw 
increa»t' of lO^S, and making the total number of members of all olaaeee 
00 the books on the 3Utl) of November last, 1203. Thts was zui incr^aae 
of nearly iJ^ per cent, uu the present number in the past twelve monlha. 

The dec*rH»e8 announced during tlie year had been: — Sir Joha William 
Lubbock. Bart., Honorary Member; Colonel Frederick Eloin, Frederick 
llniitbwaite» John Itwtae liawkins. Captain Gustaf Lagcrheim, %Tohn 
I^-WiM, Jaints Boauitjont Keibson, Jacob Perkins, Frederick Walter 
Bimraii. ftud Cicneial Altxander Wilson, Members; George Abernethy, 
John (iVorge AppoUl, Matthias Wolverley Attwoo<i, Williftm Heiify 
Richard Cm 11, William Johnson, Edwin Marshall, Beujainin OUveira, 
Sir Joseph Paxton, John Francis Porter, Andrew John Rolxrtaon^ 
and Douglas huiberland, Associates. By the will of the late Mr. Ap- 
pold, whuic iniertist iu the welfare of tlie eocicty was unflagging, pro- 
vialcn was made for a aum of One Thousand Pounds being ooDveTefl to 
the lustitution on the deceafie of Mrs. Appuld. 

Au examination of the statement uf receipts and expcndit^^'^ -u^^^^ 
that, during the year ending the iJOth uf November last, m 

from Bubscriptions and fees alone amounted to i,'3£triO, as : i- 

bursements ol all kinda of £3^11 ; while the income account w»m iortnetr 
iucreaiied by the dividend a upon truat funds amounting to £353, and 
upon other invoatments inot being in trust) of £10t>, as well aj^ by mis- 
celiancou.s receipt:! to the exttnt of £350. Twelve years ago, in the 
annual report for the session l^f»;i'54tthe total income of the Inatitution 
Wi* e^Lirrated to amount to £1923, and the expenses exclusive of the 
minutei<^ to £1041>. In the interval the receipts had be-^n increased 
from subacriptioua and fees more than twofold, and fr<jm dividendfi and 
other sources more than aeven times ; on the vther hand, the disburpo- 
ments, exclusive also of the minutes, had in the last year been £20S$ 
only, a;^aiut»l the e«tim<ited sum at £UH\) at the foroier period. Thm 
rerdised propierty of the Institution now comprised:^!. General Funds., 
i:\2\b\U ;js. 6d.; II. Building Fund, £25u2 58. 5d.; III. Trust Fund*, 
£1^:^70 r2s. 7d , making a total of £^4,98$ Is. 6d. as agiunst X22,&41 
5s. *id. at the date of the last report. 

The Benevolent Fund eatabliahed in connection with the Institotioziy 
twelve months ago, had since been fully organiscil, and a committee of 
management appointed, who would in due course have to report U* tb« 
subscribers of the fund. It might, however, be stated, that the dona- 
tii^ns actually received had amounted to £22,782 17s., and the annual 
enbscriptions for 1805 to .€712 ISs., being in the former case a little in 
exceaa of the sum promised, and in the other an increase of 30 per cent, 

A private bill to be aubmttted to parliament in the ensuing aessioD, 
and for which plans hail been deposited and the usual notices aerved, 
appeared calculated to affect very seriously the interests of the Institu- 
tion. This was in reference to that part of a project entitled " Houses 
of Parliament Approachea," which oontem plated the coinpuleory pur- 
cbaat* of all the property on the north side of Great George- street^ 
incluiing the bouse occupied by the Institution. The council felt it to 
be tiieir duty to direct attention to this subject, believing it to be onf 
whicU demanded etrious consideration. 



i 
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After the reading of the report, Telford Medals and Telford premiums 
of books were presented to Messrs. J. W. Basnlgette, C. KeiUy, E, H. 
Clark, and Capt. H. W. Tyler, R.E. ; Telford Premiums of Books u> 
Mesj^rs. T. Hawthorn, E. Fletcher, E. Johnston, G. 0. Mann, W. J. 
VV. Uesth, and J. Taylor ; and the Manby Premium in Books to Mr. 
H. B Hedi^tedt. 

Tbtf thanks of the Institution were unanimoualy voted to the Pt^eei- 
dent for hia attention to the dutioa of hia office; to the Vice-Presidente 
and til a other Meinbera and Aaaoci.atea of C>ounci) for their cor»f>firrw 
tion ^vith the Freaident, and their constant attendance at the me> ; 
to Ml. Charles Manby, Honorary Secretary, and to Mr. J;\mes F< i '^l, 
Secretary, for the manner in which they had performed the duties i 
their oQices; as also to the Auditors of the Accounts, and the Scru^ 
of the L::dlot, for their services. 

The folio iving gentlemen were elected to fill the several offices on 1 ^ 
Council for the ensuing year t^-John Fowler, president ; Joaeph Cubit) 
Charles Uutton Gregory, Thomas Haw ka ley, and John iScott RuseeU^ 
vice-presidents; Jamea Abernethy, William Henry Barlow, Jobft' 
F'reileric BatemsD, Nathaniel Beardmoro, James Bran lees, Tboioae 
Elliot HarriBon, George Willoughby Hemana, John Murray, Geor^ 
Robert Stephenson, and Charles Yignoles, members ; and Joaepli 
Fftecman and John Kelk, M.P., aflM>djktei« 



Ju. 1, 1866.] 
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ON THE PROPOSED NEW COURTS OF LAW* 
By Thomas Webster, Q.C. 

SlTUATIOX AND AreA OF SlTE. 

Within the district bounded on the north by Carey-street and 
Lincoln's- inn, on the south by the Strand and the Temple.*^, on 
the east by Bell yard and Tern pie- bar, and on tl»e west by New- 
iun and Clement's- inn, is the site on which the Palace of Justice 
i« to be erected, aniLthe Courts and Oflices of Judicature are to 
bo concentrated. Its clearance will be commenced forthwith. 
The approaches and appropriation of the site are the questions in 
which the public and the profession are now most intei*esti>d. 
The site, when cleared, will be found to be about 20 feet higher 
OQ the north, or Carey-street, than on the south, or Strand side, 
and to have a gradual inclination from the north-east, at the 
corner of Bell-yard, towards the south-west, at the church of St. 
C-lement DaneR, — a circumstance not to be disregaixled in con- 
sidering the approaches to the |.alacp, as it is from the south-west 
side alone that we must look for an approach terminatliig iu the 
Palace of Justice, and presenting a coup (deil worthy of the 
subject. It is too much tu hope and expect that this opportunity 
may not be lost, but that the fullest advaut.'ige may be taken of 
it, — that the noble example of the Emperor of the KnMich may be 
followed; that, while the citizens of Paris rejoice in seeing tlieir 
principal buihlings placed at the end of newly oreateil and impos- 
ing thoroughfare-s the citizens cf London may not Le denied a 
aimilar satisfaction. The approaches from the north and north- 
east, though capable cif great improvoment, cannot be adapted to 
an approach of the kind suggested, w iiliuut an inteifereuce wiiha 
property already exclusively devoted to the profe-sion, ind ex- 
tremely valuable; as, for instance, Lin^-oln's-Iiin, «I.e New Record 
Of&oe, and Rolls House; Serjeant's-in:i, the Law iiistitutiou, and 
other buildings in Chancery-lane. A guod access i.) the Palace of 
Justice from the level of Chancery-l.uie t\'r cnni iges, and over 
and under Chancery-lane for passengers, xwwy he obtained; but 
a grand approach, such as may be presented oii the south- west, 
is pecuniarily impracticable on the norlh-e.i>t ^iJe: and its atiain- 
meut Would render thesitea great thoroughtaie i^n' traiiio haviug 
no occasion to resort to the Palace of Jusiice. Tlie dilference of 
20 feet in the levels of the ground between tlie north and soa;h 
may be tnken advantage of to atibrd ;iu extra tloor on the southern 
})ortion of the site, and a saving of liO feet in the accent ti> the 
principal story— the floor of the Great Hall of the Palace of 
Justice— fi'om the northern and western side. 

Level of the Site and of the Thames Emban'kmknt. 
The relative levels of the site and of the Thames Embankment 
present advantages not to be tlisregarded. Tlie Strand at St. 
Clement's may be taken to be about 30 feet above the level of the 
roadway of the Thames Kmbankment. below which, at the depth 
of say :J0 feet, are the Metropolitan Uailway and the Low-level 
Northern Sewer. 

SumVATS U>'UKR THE S Til AND, FlEET-StREET, AND IIoLHOHN. 

Thus access may be obtained to the b:\sement of the Pulace of 
Justice, and by an easy incline to the level of Carey-street, by a 
subway under the Strand in the neighbourhood of St. Clement's 
(.'hurcij, ami the tnitlic to and from the IVlace of Justice may bo 
sfparated and isolated trom the t rathe between the level of the 
StKind and other parts of the Metropolis. Thn<< the great stream 
i.X ti-atlic using the Thames Eni)>ankmente7i route to or from other 
places than the Palace of Justicr, and the trairic to and from the 
Palace of Justice, may be rendered independent the one of the 
dther, an«l prevpnte«l nlistructiug the approaches t«> the Palace of 
Justice from the i.orth-west, north, and north-east. Siicli 
appi*oacI)es fr<»m the Thames Embankment may be connected 
with the ajjproaohes from the west and north on the westi*rn side 
of Linc'ilii's-iuu-tields; from Cnvent-garden on jhewest, anl 
Hoi born ri I the n-jith; they would remove on.? of the gleate^t 
plague-spots in ihe Metropolis, lead to t)ie pmitication and im- 
provement of the district of (.;iare-market, :ind the territory almost 
unknown, except to those 'viiopaHS between Lincolu'i«-inn and the 
west^ lying between Great <iueen-sireet, Lincoln's inn-lieldn, 
Drury-iaue, and Clemen I's-inn. 

AlTIlOrRIATlOy OF THE SlTE. 

The appropriation of the site must depend on various considera- 
tiouSy amongst which the area to be dealt with, and the 

* Taper read at the Suciai bcicuco i oiigreM. 



requirements of the courts, are the most prominent. The area of 
the site may be taken at 7^ aci-es. The difference of levels of 
Carey-street and the Strand will give an extra floor of about one- 
half that area, without extni excavation. Let us start from the 
level of Fleet-street and the Strand, at the Temple-bar entrance 
to the Palace, and assume the basement of the building to be ^0 
feet below that level, or 10 feet above the level of the road of the 
Thames Embankment, or 30 feet above the level of tlie rails of 
the Metropolitan I^ailway, and of the Low-level Sewer in that 
embankment. This basement of 7^ acres (without deducting the 
space necessary for areas for lights and passages) has been pro- 
posed to be appropriated to strong rooms, for the preservation of 
original wills and other documents of value. For the w-lls alone 
it has been said that upwards of three acres will be reriairetl. To 
this basement access may be had by subways under i^ieet-street 
aiid Chancery-lane, so as to connect it at once with the Temple, 
Serieant's-inn, the Rolls and New Kecord Office. The basement 
will have a depth of about 40 feet next Carey-street, or on the 
north side, should it be thought expedient to carry it throughout 
at that level; and if (-arey-slreet can be i-elieved of the through 
trathc by which it is now encumbered, by reason of the obstruction 
at Temple- bar, the arch of which is too low to permit the |>as8age 
of the high-loaded vans and waggons, a portion of that street may 
be made available to widen the area for the liuhts to the liasement. 
The ground-floor of the Palace, or that on the level of Fleet-street 
at Temple- bar, would be about :J0 feet below the level of Carey- 
street; and assigning '20 feet for the height of the rooms on the 
ground story, and 20 feet for the height of the next, we arrive at 
the level of the floor of the Great Hall, about 40 feet above Fleet- 
street, and '20 feet al>ove Carey -street. 

Arrangements of Courts and Offices about tub Great H.vll. 

l\\ the arrangement of the courts on the sides and at the ends 
of or around t7)e Great Tlal!, the principles of reparation and 
isolation are essential for th« convenient and economical adminis- 
tration of justice. In this n>spect it may be well to imitate the 
arrangements of the new Assize Courts at Manchester, iu which 
those principles are applied to the extent there required. 

The precise arrangement of the courts will be matter of detail 
for aftHi-cunsideraiioij, but tiie general principles may be 
indicated. 

For the purpose of illustrating the arrangement of the courts 
aitd othces in connection with ihe Great Hall, let us suppose a * 
series of four concentric circles, the inner representing the Great 
Hall; that in the s|Kice between the circumference of the tirstand 
second circles are arranged the courts and othce: immediately 
connected with them; that the space between the second and third 
circles is a passage or corridor for communication with the courts 
and offices arranged between the tirstand second circles; and that 
the offices are Icc^ited between the third and fourth circles. 
Access to the courts will then be obtained from the (ireat 
Hall on the one side, and from the corridor between the second 
and thinl circles. Access to and from the Great Hall will of 
course be open to all, but access by the corridor will be strictly 
contined to the judges, officers, jurors, professional men, witnesses, 
and parties actually engaged iu the business of the courts, or 
passing to and from the oitices located between the third and 
fourth circles'. 

Thus the general public and parties engaged, or whose attendance 
is necessary to the coutluct and jjrogress of the ciiuse, may be 
se^KU-ated and isolatetl from each other, but able to intermingle 
in the Great Hall, and entering and leaving the couits by 
different routes. 

The courts, and offices immediately connected with the courts, as 
the retiring-rooms of the judges and the jury, will be arranged in 
the space between the flrst auii second circles, each court with 
the otHces immediately connected with it presenting subst;intially 
the same arrangement, but iliifering only in details according lo 
the requirements of the business to which it is devoted. The 
interval between each court, or each set of courts, willle available 
for access between the Great Hall and the great corriilor, by rising, 
as iu the courts at Manchester, to a level above the level oi the 
floor of the Great Hall. This elevation, of s,ay 4 feet, will give the 
means of access to the bench and the retiring-rooms of the judge, 
and to the jury box and retiring-rooms for the jury, while a 
descent of 4 feet will give access to parties and witnesses engaged 
in the cause, and afford the means of separating the witnesses 
on either side from each other, iu convenient waiting-rooms 
immediately accessible to the court. This level of the floor of the 
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jodges* rooms, wliicli uiny Iw? coiiveuipiitly deMigtj-ite^J tlie level of 
the l»^Ddi^ forms n niast iiuportaut fKitiire iu the uew conrU at 
M ' r, and in the surangemenU hereaftiir luentiooed, 
I- ri reference to the auggeated entrances to the courts, 

Tiir iM - ■ -ite manner io which the witnesses on either side 

are p« r ioterniix, florinc; the progre»s of thecauae, with 

each »aij'jk .li,.-. the general public, and the difficulty with which. 
they Ai'u introduced into, and withdrawn frora, the witnes8*boi, 
are serious defects in our administration of justice; and any scheme 
for ihe courts in which this was not amply provided for would be 
nio»t seriously defective. It is of the greatest importance also 
that the jury should be provided with accommodation wholly 
independent of the access to the public, and that their retiring- 
room should be convenient for communication with the judge. 

The oflSoes of the masters of the several courts should be in 
immc^diate connection with and contiguous to the several courts, 
and it may be sufficient to have indicated and illustrated by 
jmagionry circles situations suitable for their location on the level 
of the Great Hall and courts, while the floors immediately below 
that level will afford space for the Writ and Record Offices, with 
convenient accesses to the offices of the masters of the respective 
courts. The contiguity of the several Writ, Record, and Judgment 
Officer to the master or the courts is of less importance than 
br^v/'"" ^ht^va all into as close contiguity as possible with each 
or:, ihe view of a general consolidation and concentration 

of . ; .. -PJ3 fur all the courts. 

Internal Arrakoement or thb CoimTS. 

The construction and internal arrangement of the courts would 
appear to have received little consideration, many being most 
inconvenieutly hrge or small, and none presenting that separation 
and isolation by which the convenient administration of justice 
may be so much facilicated. Io many, the position of the witness- 
box is so inconvenient as to lead to its abandonment, and to 
placing the witness iu some new position more oooveDient for the 
judge aud jury and counsel, but most inconvenient to the witness. 
The inconvenience of ingress and egrea% and the mmner in which 
all parties are interiniited with each otlier and with the public, is 
matter of universal complaint whenever circumstances of interest 
give rise to a crowded court. 

To ihe relative position of the judge, with a jury-box on eitber 
side of the court, arnuiged with three seats holding four each, 
and of the counsel, no exoeption can be tikeu. The great defect 
IB iu the ixisition of the witneas-boi, and the difficulty of ingress 
and egress for the witnesses^ professional men, and others necessary 
for the progress of the cause. Accommodation for jury- men in 
waiting, for students, for short-hand writers, and reporters, must 
form an essential part of the arrangement. The witness under 
examination naturally turns to the counsel by whom he is examined; 
the reply to the question will be naturally addresed to the same 
counsel, and consequently, according to the arrangements adopted 
in many of the courts, from the judge and jury, by both of whom 
the witness should be heard and seen. The witness, if placed near 
to, and a little below and on the right hand of the judge 
(aasuming the jury to be on the left of the judge), that is, on the 
opposite side of the judge from the jury, will speak across the 
joage, be seen by the jui-y, and heard equally by the jury and 
ixaroiuiog counsel; from whom he will be about equally distant. 
The position of the witness-box in the Courts of Qucen^s Bench, 
Common Pleas, and Exchequer, is an illustration of this; but the 
witness might with advantage be nearer the judge than in any of 
those caaes. If the witness be placed between the judge and 
jury, his back will generally be turned on one or the other* and 
he will sometimes get enoaged in conversation with some of the 
jury, a most objectionabTe and inconvenient practice. None of 
these courts present convenient or isolated ingress or egress for 
the witness, who must straggle and be intermixed with the 
ffeneral crowd, with whom he is intermixed both t>efore and after 
Ills examination. Nor are the jarorS) connsel, attorneys, or parties 
any better off, as the experience of those attending the courta at 
Westminster, and other courts in the Metropolis, will affirm. 

This nmy be wholly avoided by a passage nnder or on either 
side of the seat of the judge. Assume the floor of the judicial 
bench to be 4 feet aliove the level of the floor of the court, by steps 
descending io the leval of 4 feet below the floor of the courts ingress 
and egreaa may be obtained under the bench, and communication 
eflected with suitable separate waiting-rooms, in which the 
witneases of either party prior to their examination may be kept 
t^ethcr^ readj to be called as required. The witnesses; afler 



examination, may be permitted to pass into the court by a 
under tho upper sent of either jury-box, and intermix with iGe 
general crowd. This ingress and egress nnder the floor of tbe 
bench may also be made available for connad, attorneys, and other 
parties immediately engaged ia the cause. The l!oor olf the court 
between the bar and the bench would aflord (the witness-box by 
which it is usually encumbered being removed) ample space for 
short-hand writers and reporters, with seats and small desks under 
the jury-box; the centre part being kept clear for ingress an«l egress 
and the exhibition of models and plans, in fhe iutro<luctii^n and 
exhibition of which great inconvenience is frequently experienced. 
The seata reserved for students might be immediately behind tho 
bar, tlie accesa to the first and second row of bar-seats being from 
the floor of the court nnder the bench, and to the third and other 
rows at each end next the jury-boxes by passages nuder the 
upper seat of the jury-boxes, or direct into the Great Hall; 
the seats for the public being behind, at either angle, with 
entrances only from the Great EEall. Thus the anglea of the 
rectangular courts would be utilised, and tho bearing improved; 
and I would suggest whether the shape of the courts should not be 
rectangular and hexagonal in all cases; the part occupied by the 
bench and jury-boxes being rectangular, and the other part three 
sides of a hexagon. The seats for the bar and the public should 
be slightly raised, so that every person may be able to see and hear 
without difficulty; for. unless this be the case, it is almost hopeless 
to attempt to preserve the quiet of the court. 
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LmES, CKMENTS, MORTARS, AND CONCRETES.* 
By Chas. H. Haswell, Engineer, N.Y. 

( Continwd from pofff 267, voL 28 J 

Catx^areous Mortar, being composed of one or more of the 
varieties of lime or cement, natural or artiflcial, mixed with sand, 
will vary in its properties with the quality of the lime or cement 
used, the nature and quality of sand, and the method of manipula- 
tion. 

Mortar— Lime, 1 ; clean sharp sand, 2*5. An excess of water in 
slakiug the lime swells the mortar, which remains light and 
porous, or shrinks in drying; an exce^ss of sand destroys the cohesive 
properties of the mass It is indispensable that the sand should be 
sharp nnd el**!*n. 

Turkish Plaster, or Hydraulic Cement. — 100 lb. fresh Hme re- 
duced to powder, 10 quarts linseed oil, 1 to 2 ounces cotton. 
Manipulate the lime, gradually mixing the oil and ootton, in a 
wooden vessel, until the mixture becomes of the consistency of 
bread-dougb. Bry, and when required for use mix with Unseed 
oil to the consistency of a paste, and then lay on in coats. 

Exterior Plaster or Stucco. — 1 volume of cement powder io 2 
volumes of dry sand. In India, to tlie water for mixing the plaster 
h added 1 lb. of sugar, or molasses, to 8 imperial gallons of water^ 
fi.>r the first coat, and for the second or finishing, 1 lb, sugar to 2 
gFillons water. Powdei^ slaked Hme and smiths^ forge scales, 
mixed with blood in suitable proportions^ make a moderate 
hydraulic mortar, which adheres well to masonry previously ooated 
with boiled oil. The plaster should be applied in two coats laid 
on in one operation, the fitst coat being thinner than the second. 
The second coat is applied upon the first, whilst the latter is yet 
soft. The two coats should form one of about 1| inch in thick- 
ness, and when finished it should be kept moist for several days. 
This process may be modified by substituting for the first coat a 
wash of thick cream of pore cement applied with a stiff brush 
just before the plaster is laid on. When the cement is of loo dark 
a colour for the required shade, it may be mixed with white sand 
in whole or in part^ or lime paste may be added until its voltime 
oqunls that of the cement paste. 

KUorasser, or Turkish Mortar, nsed for the construction of 
buildings requiring great solidity, | powdered brick and tiles, I 
fiue sifted lime. Mix with water to the required consistency, ana 
lay on layers of 5 and 6 inches in thickness between the courses of 
brick or stone. 

Interior Plastering. — ^The mortars used for inside plastering are 
termed Coarse, Fine, Gauge or hard finish, and Stucco. 

Coarse Stuff. — Common Hme mortar, as made for brick masonry, 
with a .small quantity of hatr; or by volumes, Hme paste (30 lb, 
lime) 1 i>art, sand 2 to 2^ parts, hair i part. When full time for 
hardening cannot be allowed, substitute from 15 to SO per cent. 

* From the JouniAl of the FrimleUii liiftitiite« 
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tf lilt 1lm» b^ an equal proportion of liydmalio oement For 
Ihff **c«>ti-J or ** browu cuit *' tb« proporliou of Imir may be slightly 

I : (liioe ptitty). — Lamp lime slaked io h, paste with a 

modenilc qtmutity of Wftter, afterwurda diluted to the eooais- 
ltm<j of cream, and then allowed to Imrdeu by evHporation to the 
required cousisteucy for working. In thtB state it is ubckI for a 
''uipp^d ooAt," and when mixed with Band or plaster of Paria it 
ift am for the '^ finishing coat.'' 

Gauge Stuff, or hard finish, is cotiipoied of &om 3 to 4 volnraes 
fine stttff and 1 Tolume plaster of Paris, in proportions regulated 
br the degree of rapidity required in hardening; for cornices, &c., 
t&e proportions are equal voluraes of e.'icli, tine stuff and plaster. 

Stucco (« cora[Kj3«*d offhMn 3 to 4 volumes of white sand to 1 
irolacae of fine stu^, or lime putty, 

Scmtch Coat. — The fii^t of three coats when laid upon laths^ ami 
is fratn ^ to J of an inch in thiclcuess. 

OiieKsoat Work. — Plastering in one coat without finish, either 
<»a lamaonry or laths, that is, rendered or laid. 

Twu-coat Work- — Plaateriug in two coata is done either in a 
Isying coat and set; or iu a screed coat and set. The screed ouat 
ia alao termed a floated coat Laying the first coat in two-coat 
work is resorted to in common work iuitead of screed! ng, when 
lEe finished surface is not required to be exact to a straight-edge. 
It fs laid la a coat of about \ an inch iu thickness. Except for 
v«r? ocimmoD work, the laying coat should be hand-floated. The 
firtDn«as and tenacity of plastering is very considerably increased 
by ha&d-floating. 

Soveds are strips of mortar 6 to 8 inches in width, and of the 
reqaired thickness of the first coat, applied to the angles of a 
rooixi^ or edge of a wall^ and paraltelly at intprvals of 3 to o feet 
All over the surface to be covered. When these have become 
safHcieutly hard to withstand the pressure of a straight-edge, the 
interapaoea between the screeds should be *' filled out" flush with 
them, SCI as to produce a continuous and straight, even surface. 

Slipped Coat is the smoothing off of a brown coat with a small 
quaotity of Ume putty, mixed with 3 per cent, of white saml, so 
jw t«> niakt? a c»)mimratively even surface. This finish answers when 
the ^ to l>e fiuished in distemper, or paper-hangings. 

I h,— Fine stuJf applied with a trowel to the depth of 

abooi^in oi an inch. 

BtiiMoU ^f Labour and MaUriaU for 100 t^uar^ yard* o/ Lalk 
aTul Platter. 
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Concrete or Beton, is a mixture of mortar (generally hydraulic) 
wiib ooarse materials, as grnvel, pebbles, stones^ sheila, broken 
bricks, fitc. Two or more of these Tuaterials, or all of them, may 
Im used together. As lime or cement piiste h the cementing 
•obstance in mortar, so is mortar the cementing substance in 
cotierete or beton. The original distinction between cement and 
beton was, that the letter possessed hydraulic energy, whilst 
Ihc' r ^- HiM pot 

}\ ^li part hydraulic lime measured when nnslacked» 

tjb |.^« ^iL^ii, 1 part gravel, 2 parts of a hard limestone broken. 
Tbis mass contracts I m volnme. Fat lime may be mixed with 
aoncrote, without serious prejudice to its hydraulic energy, 

Varimu Compf)4Uion4 of Concrete, — ForU Iiichmon4 af*d Tomp- 
kim^ r,y,— Hydraulic— 508 lb, ceroent=3*G5 to 37 cubic tVetof 
aiiff paste, 1 2 cubic feet of loose sand =9*75 cubic feet of dense. 

For Siifveratructure. — 11*75 cubic feet of mortar as above, and 

feet of stone fragments. In the foundntions of Fort 

iji. about une-twelfth of its volume was composed of 



stones from J to J of a cubic foot iu volume, ratnnied Into thiB 
wzlII iis the concrete was laid. 

Sm Wali.—Bmton Harbour. — Hydraulic. — 308 lb. cement, S 
cubic feet of sand, and 30 cubic feet of gravel. The whole pro- 
ducing 32'3 cubic feek 

Superstructure,— 308 lb. cement, 80 lb. lime, and 14*6 cubic 
feet dense &iud. The whole producing 12825 cubic feet. 

Total Cott of Labour und MattriaU Ejcpended in Ui^intf Cnnrnt* 

Fomiitati^m at furt Tompkint, duriny the ^ear 1S49- 

LiBOUR. 

Wages of suh^vemeer, 42 2 day a, $2 per day % «4 '40 

,, mjison, »et» " ' -1 -»v- ^ ' « dayH at |2 per day 165-<»0 

,, IfttHjiu'erB dav* at %\ j»er day 153*<J> 

„ UbMin^rs ' , ' ramming contireti?, 

2P71'8 lUyti ttt $1 per lUy 



Total coht of liilif'mr . , 
MatrhIals. 
4,0(^0 casks cement at 85 cents 
12.288 ,. sand st 3 cents 
20,480 ,, broken Btone at 3 cents 



son '80 
$3375-40 



■,;'.rsi -GO 
lda8-40 



Total 47o»t of Ubour snd tnateriJilfl 
Total ntniiber of cn)iiu vimls of uoncrete laid^ excluding 

the Btone mtuute-9 rauuttt^fl in 
Cost per cubic y*rd of pure concrete 
Deduct for stone mafisee rammed iu 
Cost per cubic yard v^ laid 

Coitt of Mtuonrif, of varimu teinda, per cMe yard, and the rolume i 
A! 9rtur required far each. — {GenertU GUmorCt U,S,A^} 
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C»>«t of materials assamedas follows: Cement, 4tl*20 per bsrrel; 
lime, II; bricks, $4'25 per M.; sand and gravel, 80 cents per ton; 
granite spalls, 5 j cents per cubic yard; labour, %l per day. For 
walls less than 2 feet in thickness the cost is increased. 



OBSERVATIONS FOR CONSIDERATION, PREVIOUSLY 

TO THE LAYING OF ANOTHER ATLANTIC CABLE.* 

By T. SsTKouE Burt, F.R.S. 

The first Atlintic telegraph cable was actually laid between 
the shores of Ireland and America, in the year 1558; and by what 
means was it so efliciently laid without on any occasion, if I err 
not, its breaking or separating throughout any portion of its 
length, so as thereby to require the difficult, if not fatal, operation 

* From th§ Jooroil o< tfc« SuCisI^ of Ail^. 
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of hauling it in again to cut out the faulty part, and to effect its 
repair? How was it laid? — Why, by making use of two ships 
instead of one, viz., the English ^\garoemnon and the American 
Niagara, which ships, each conveying out half the cable, having 
juined the ends of the same, and spliced ihem in central Atlantic 
ocean, steered away for their respective countries, which they satis- 
factorily, if not simultaneously, reached, after having deposited 
these two halves of the cable in the bed of the sea, as well as 
having connected the other two ends with the ends of the coils 
proceeding from the two opposite shores. Well, this fact shows the 
possibility, or rather the pnicticiibility, of laying a cable between 
this country and America or Newfoundland. Then why has the 
operation not sncceetled in the second instance? — Simply, because 
one ship only hns been employed in the performance in the latter 
instance, instead of two ships. For, if two ships managed so well 
to lay a long cable in the ilrst inst^inco, why should only one ship 
l.ave been emjiloyedon a second operation, and one, indeed, which 
h:ia so specially failed i As time rei)reaeDts nearly everything with 
respect to the chances of storms occurring to disturb the equable 
paying out of the cable, it is manifest that if only one ship be 
employed in the operation instead of two, there must bo fonr 
chances to one against the one ship escaping a storm in double 
the time, to that of the two ships escaping a similar calamity or 
incouvenieuco in half the time, as required for the voyage; besides, 
the two sliipa, before parting in mid-ocean, on depositing their 
joined ends of the cable in deepest water, being neai*er one 
another, can help one another in the most difficult portion of their 
course, or that were— if the cable shculd break at or over the 
central (or assumed) deepest part of the ocean — they would both 
remain, or separating, would return to meet again, and so con- 
atanily to assist each other in recovering the escaped end of the 
coii. Whereas the one ship alone has no help at hand but its 
own. I sliould be disposed therefore, to advocate the use of two 
such ships again, instead of one, in the operation of relaying 
the Atlantic cible. 

But there is another argument against the use of one ship only. 
That ship must, like the Great Eastern, necessarily be uf immense 
size, in order to bo sutiiciently capacious to contain, or stow away, 
the whole main length of ciible, which consists of 1900 or 2U00 
miles or more. Now, the greater the size of the ship the greater 
the stress exerted upon the cable when she raises her bow above 
the surface of the water — like as a giant pulls more strongly than 
a child. A smaller ship's haul or strain exerted upon the over- 
hanging cable would not so tend to read tliat c:\ble (notwithstand- 
ing its tendency to rise to the wave to a greater height than the 
bow of the larger ship) as would tlio terrible dead weight and 
rise or stress or strain of the huge ship itself, the resistance of 
the cable being unnecessarily overpowered by the superior 
momentum of the latter vessel, an I being thereby caused to be 
rent in twain, from the effect of the increased tension, which 
serves to break it like a piece of thread. And therefore, probably 
if a very small ship or steamer could bo steered in advance of the 
Great E;istpru, on her next attempt, and couM then be made 
to receive the descending part of the cable after it has left the 
latter ship, and, next, to deposit it directly over its own bow into 
the deep, the cable would be less liable to be ctorn asunder than 
if the big ship should pay it out alone and at'once over its own 
bow directly into the abyss. 

But why did the cjible which had been first laid fail ? A reply 
to this momentous <iuestion is printed iu Part J., Vol. III., of 
my Miscifllaneous Papers on Scientific Subjects, London, 1861, 
pp. :52-8, in a letter addressed to the late Viscount Palmerstou, 
whilst Prime Minister, dated July 2',\ 1600. 

1 repeat the question. Why did the first- la id cable fail, after 
having been properly laid from end to end ? It failed simply 
because one-half of the length had been twisted (in manufacture) 
to the right hand of the lino of its axis, whilst the other half had 
been twisted to the left hand of the same line or axis. How was 
this done? One of the halves had been manufactured on the 
banks of the Thames, the other half in another locality, the namo 
of which 1 forget. Vet, sti-ansje to say, this fatal defect was 
c<msidered, it appears by the Times of th».' i:Jth of lilay, lb58, to 
have been remfdied or "overcome" by joining the the two ends, 
in midway Atlautic, to certain " rods of iron, loaded with a weight 
in the centre," which it was hoj>ed — for it could could not have 
been believed — wouhl rectify the fault. And so the c;»ble failwl 
^-aud, yet not even a trial beforehand wsis made of the two 
pieces — pieces coutrarily twisted, be it remarked, and known to 
be so— by joining them together, I mean the half aible twisted, to 



the right hand and the other half twisted to the left, in order to 
ascertain the effect of a heavy stiain exerted upon those two 
halves when so joined. The consequence was that the so- joined 
coils, each consisting of one-half the whole cable, soon began to 
nnwiml and gradually to untwist themselves, until the electric 
pulses or pulsations, passing through the gradually attenuated 
core or copper wire, upon which the entire strain or stress was 
now thrown, became weaker and weaker, until they shortly after- 
wards, like my Uncle Toby's pulse in "Tristram Shandy," fluttered, 
stopped, be.it again, and then entirely ceased! Nor was this 
effect to be wondered at. Let any person of average common 
sense try the effect himself with two sets of small wires (or threads), 
three or four threads in each wire; one set twisted to the right 
hand the other set to the left hand of the axis of each coil, and 
then let him, after having joined one end of one coil to one end 
of the other by a firm knot, or even a "curved bar of iron," and 
after having stretched the whole coil in a straight line, with a 
stress bearing upon it, state from his own experiment, proof, 
and experience, what he considers to have been the main, if not 
sole, cause of failure of the first-laid Atlantic Telegraph Cable. 

It matters not with a cable manufactured in but one directirn, 
i.e., with the helix to the right or with the helix to the left, 
whether it be cut and then joined again either at the 
surface of separation, or at the opi>osite ends, or with the cut 
end of one portion joined on to the worn end, or to the further- 
most eml of the other portion, because the helix or twist would 
remain the same in any mode of junction throughout the entire 
line; but, I maintain that if one portion of the other half be of 
a different twist to any portion of the other half, both portions 
of the coil situated near the point, or rather surface of junction, 
will, on tension being applied, immediately begin to unwind 
themselves; and thus will transfer the tension they are intended 
to resist from themselves to the central copper wire they are 
intended to sujjport^ which latter will consequently become so 
attenuated from that powerful cause, as at least to separate 
itself into two detached parts, besides being more or less laid 
bare by the opening up (or out) of the outer helix, consisting of 
coils of wire and other substances placed for its protection. Let 
anyone try the effect of the experiment, as I said before, and 
the result must confirm the entire correctness of this assertion. 
Therefore, I assume it to be absolutely necessary, in order ti> 
avoid certain failure, that all parts of the cable, shore-ends as well 
as others, should be manufactured of one uniform helix or coil. 

The point now, however, for consideration is, how to lay the 
cable again after the occurrence of two not altogether unexpecte«l 
fiiilures? or, rather, how to lay a new cable, and that, if 
possible, without having to "haul in" again any portion of it 
after it has been " paid out," in order to discover the where- 
abouts of its faulty insulation, and with a certainty of wt-akeniijcj 
the chain or cable on every occasion that it is cut and again 
spliced. Now, this difficulty may be partially obviated by nut 
having so very many splicing places in the original eaV»le; for 
it must bo evident that the greater the number of splicin^;8 or 
junctions in the same the less the chances of its efficiency. 
The parts " spliced" together cannot possibly be so stri^ng 
or so closely connected, or the central wire (the vehicle of the 
electric mes^age) so intimately adhesive in all its fibres, as the one 
originally manufactured in its integrity. What a large number of 
spliciugs or junctions there must have been in the Tate Atlantic 
cable; fii-st, there was the batch of splicings required to join each 
of the several lengths sent down at different peri«)ds from Messrs 
Glass and Elliott's workshopn by each vessel that shipped .1 
length to convey and join it on to its predfcessor on board the 
Great Eastern. Then a splicing was required for each of the 
tanks when filled, or at any r.ito for two out of the three tanks 
in which the cable was stowed on board the leviathan ship 
Next, the " splicing the main brace" to the end at the Irish 
shore, and "yet another'* splice .would have been required at the 
junction with the land side on the American shore. "Til .see no 
more," as Macbeth says, almost dreading this long account of 
spliciugs in the late cable, and trusting it niav be j)o.<sible t*> 
avoid some of them in the new one. The first laid cible was not 
so cut and so joined, it is to be presumed, as the second one, and 
yet the former was undoubtedly laid the whole disttmce, and for 
the moment successfully so — a message having been transmitted 
fi-om end to end — from America to England, and this without the 
occuruence, that I am aware, of any breakage or separation of the 
coil (siive one), in consequence of a mishap. How was this doi:e i 
By the employment of two ships. And would not the cable 



h^ ^y\ iU insulation for a reaflODnble lime — Dot expect* 

ill <•, llii\t it woiilii have solved the problem <(f perpe- 

Iti -hml not ita two hnlves Weil coiled, uufortuoHtisly 

io iry directions; And had they uot atill more unfortu- 

n^ltly beeujuioed together with tlmt »ad and fatal fan It ejtistiug; 
4klilKidirh the f^Act wa8 known at the iiitie^ or befortdiHud, 
certninTy before the 13th of May, 1358, without a trial being 
iDTido to AAcertAio whether t)te cable woii|i)» when so joiited, 
ancoccfi or not, ami when auch a trinl w*juld have caiiaeff biU a 
f&m hours' dehiy in the commencement of so great rmd glorious 

i u^uding^ aa I have done nbove, that two ships sUonld 

|>^ tMnu'.^ -<i in tho perfnrmance of this great work inaterid of 
ooe, 1 do nut mean to infer that the uper:itiou cnnunt be com- 
plfti^t V.v t|,p Grent Jvistern he»*self, providing a amaller a«*com- 
pn^ -1 c*'in be steereil but a iitlle wny ahe.'id of Iier, for 

th'. , ti of the descending cable ua it deaeenda frota her 

bow, and before it is allowed to enter into the deep sea, lu* Wfore 
pxptrur I •:■•!. I would only de»ire to be understood an generally 
•fi he use of two ships instend of one in the execution 

of undertaking, in the conipletiou of which we all as 

£r mnBt fee) so deep an interest, 

' r means of c«introl, however, slioald exist iu the 

imiiiig !jut apparataSf which should be made by meaiia of springs 
und wh<^eU^ or other self-ailjustiug arrangements, to apportion, 
ml ' red velocity, a suildcn aup)»ly c»f slack cable, when- 

e% and sudden Hse of the siilp's bow happens to take 

pliu:«% ;ui I (i» require the said snpply ns from a feebler, so that the 
Ailkonnt of strain ufion the obitt ahould, if poHsihle, be neither 

mr'-^ •- ^ ♦' tn aconstnnt quanti'y. Upon this most impor- 

iir: a great deal of th?? success of the work m'ldt 

Hec .-.,.. . , . , .i.d; whereas a ditlerent principle will involve but 
ilUJ#cliaiiGe of suoh a desideratum^ 



STU0V'' ,VS A PREPAK^VnON POR PHACTICE* 

By T. Roger Smith, F.R.LB.A. 

HTLijr Tis a prefKLrntion for practice is a subject of more than 
or: rarest for the members of a society like Hiis, which 

CO! mt entirely of students*, either commencing practice 

or ^ f*ir practice as architects; but is also a theme 

pr I'jre than ordinary diiJiculties to anyone desiring to 

tf' and fairly. I have felt it impossible to do what I 

coi u.*e to the sabject, and therefore I must trust to your 

forlitji.aii.i.' and indulgence while 1 lay before you this attempt^ 
itn an^mpl wliich 1 felt was almost called forin order to complete 
ide views tiken in two papers which I have in previous years 
hmJ th* honour of reading before yon— one'* On commencing 
Pmotice,'* the other ** Ou the Conduct of Business" 

Afc the out«)et I must apolo^MMe if I appear to assume a dogmat'o 
fcne, If this is flo, I must plead as my excuse thjit you will hear 
bat little to-night except things of the truth and impfirtance v( 
which I am very fully eon vinoeil in my own mind; yet in pressing 
my views on your atieuti^m I desire to refrain from seeming to 
tio ao with that fiositlvenesa which he might well assume who 
w&8c«mseions of having as a student done all that I lecommend you 
to do, and been all which 1 desire each of you to become. If 
pAfts of this paper are writteu with a oousoiousness of advantages 
piinf-rl, father purls are written with a desire that you should 
«K* S^es auii supply ontissions of which the speaker is 

Itr- ►le; ami throughout 1 hope that your own judgment 

•4iil ,^ .' -d ituffp, and tho exj>enence of those best able to 
Siivisd you, will be brought to bear upon the saggeations made 

Vm rery great fUflieulty in treating of the conduct of your 

ilt: * '' ii certainty, that I can hardly offer any hints that will 

b« lo one, which may not prove valueless, and pr«sibly 

•V. 15, to other'«» supposing my rei5onmieudationa to 

fcUl MclinatiMU:* to which such liappen to be already giving 

wn 1 1. Perhaps the beat remedy for this will be, if I take 

th' ' 'ue of our most valued members, and ask each of you 

Ui . ^ Atleuliou to that part of my paper wliich pleases 

Aa AU exHiiiple, I may just point out that with regard to most 
nCypU Uiefo i^ uotliing so likely to be useful aa fiomething which 

* Ti^r rcAd At Iht Arobifceotunl AMoowtlou. 



will induce you to work far harder than you do; yet there <?an ht 
no doubt Home few of you are already working too hanl, and that 
every additional spur to you is an injury. Again, iu the ctine of 
a large part of you, I might, no tloulit, do more good by aimply 
auii solely urging y<ui to draw more, and draw lietter than you do, 
than I could by anything else. Bnt there are sure lo be some of 
you to whom any other work than drawing is dlBtasteful^ and 
who would like nothing better than to be told never to do any- 
thing else but draw, forgetting that, though drawing is by far the 
tii^t thing, yet that architect's education who can only draw 
would be miserably deficient alike in knowledge of oonstrnciion, 
material, historvi or the conduct of business* In this ditliculty 
3'ou, gentlemen, mur^t help me by listening with judgmeut and 
dtftcrimination. Do not run away with tliat half of what is said, 
which you like best, and treat the other half as of no im|>ortaoott 
to yourselves; but, on the contrary, treat with aa much ^uteutba 
that part of what I say which may seem to bear on what you are 
conscious, iu your ow*a heart, is a weak point in yourehaiav'teror 
the defect in your training^ as you are willing to beatr.w on what- 
ever may fall in with the l>eut of your genius, inclination, or 
opportunities. A perfect character is only to be obtained by the 
correction of errors and defects, — and the cultivation of gifts and 
acquirements. I trust that you will take pains to educate your- 
selves aa architects in lioth these ways. 

I propose this evening to view the ordinary circumatjince« of 
an architectural student in this countr}^ (and iu several ie»peot« 
they are tolerably uniform for all of as,) not as matters far 
discussion as to whether or not they are the very beet possible — 
though I may allow myself one or two words in passing on that 
head — but as tixed definite conditions under which I have studied, 
and you have studietl, and in all probability our succeaaurs for 
several generations are likely to have to study. These circuia- 
stftijces we cannot in our own cases alter, and shall not be able» 
perhaps shall not wish, to alter in the case of those who are lo 
succeed us; we mast therefore accept them, and our grand object 
this evening will be to discover how to make the beat of them. 

What then istheposition uf a young Englishman who is studying 
architecture with a view to the practice of thiaartosa profrisionr 
In mo!it continental states he would be either pursuing a course 
of drawing and of studies under various professors in an academy, 
oi doing much the same thing, but underthe eye nf ona teacher, in 
an utrlier. In either case he wotdd be engaged in a way more or 
less similar to the manner in which bis school or college days have 
been spent, only with the special subject of architectore taking 
the place of the classics, mathematics, philosophy, anil so faith, 
which have been the subjects of his previous studies. In thb 
country he is sure to be in the otfice and among the assistants of 
an architect in practice, ordinarily without systematic instruction, 
often entirely without defined teaching, and in many ways in a 
position widely dilferent from the one he left to enter the pro- 
fession. On the Continent be is an Academy Student In 
England he is an Articled CMerk, And it is simply to point out 
to you the be«t way, so far aa I know it, of turning the English 
system and your own spare houra to the best account, that I uow 
address you, • 

Almost all youths who have a fair prospect of being able 
rltimritely to practise, are iu circumsUmces which enable their 
friends to pay a premium with them, and articie them lo a 
practitioner. I am aware that many enter offices iu other wars, 
and obtain knowledge enough to enable theiu to act at leaLt as 
architectural draughtsmen, and tliat of these some advance far 
enough to practise on their own account Such may find much 
that I have to say apply to themselves, but the class that I 
Hfiecially coutemphite is that of architectural pupils who have 
friends of some connection or position, or who, from st-^me other 
circumstance, are so placed as to look lo the exercise of tljeh 
profession as architects on their own ACJouwt,and not to ai 
responsible position, as their final aim, and who are the rec^u i 
pupila of some architect And in passing I may sjiy that 1 thiuk 
it undesirable for a youth to become a pu(>il unless he ha.^ a 
reasonable prospect of being iu time able to practise. 

Those who enter tlie prtifesaiou ought, if possible, to do so fully 
prepared by their i>revit^tjs education, that is to say by their 
actjuirementfl, and their habits of industry and iheir ^.eueral 
training, for making the best use of their lime as pupiU, — 
especially now that time is caston^srily so short WliiU has 
occurred^ In tlie ease of ertch one of ua cannot be altered ; but any < 
all of us may be able at rimes to intUieuce the counts of young tu« 
proposing to join our rank^, and therefore I may be excused f 
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pn! filing out ^li&t 18, In m^ opiuloD, d«9lr»bl« befura a pupil 
enters an office. 

He who fleaires to become an architect should be n.itTiralK% and 
hy tmiiiiug, a goulleman, wilh appticntioii Mid tenacity of purpose; 
he should po&seas ingenuity^ ii tiuturat turu for the pouoil, gofKl 
9eu9€, and, if possible, some ^mrk of gemufi. 

If he 19 not one of uatiire*a gentlemen, And well-bred, that ia lo 
■ay, not honest and bravc% gentle fvntl courteous, he will find the 
general conduct of hi$ prufedsiou beset with iuHniie ditHcaltj, 
I Hud will bring di»credit wp<:>n his calling. If he want application 
antl tenacity of ptirpose, Uie Inrge amount thnt there is to Itwirn, 
nnd the great deal there ia to do, and the aeriuus difficulties there 
are to aurmount, will overpower him, and he will fall of aucoesa. 
If he have no ingenuity ami cjutrivance he will fail to meet the 
dilKcultiea of construction, arrangenjent, And architectural treat- 
• nicnt which C"»n5tantly spniig up.— For archltecturul practice is 
little more than a aerioji of Cimtrivaiicea fur the overcoming of a 
constant serie^i of emergonciea, 

A natural turn fur the pencil is moat of all eisentiaL We learn, 
we think, and weexpreaa our thuughta ta^ architects, through the 
pencil; and no man without considerable natural talent for 
drawing ought ever to think of our firofession. 

Without good senae, which is partly a natural gift aa well as 
an acquired habit, an architect would go astray at every tarn; 
and whenever you get into a circle of successful arcfiitecta yon 
will V^e struck, I think, with nothing more than the atmosphere of 
straight-forwjird g*K»d sense winch surrouuda you. A rash, a 
fooliah, or peevish lad will never nutke an architect, unless good 
sense can somehow fti*at be worked into him. 

Lisily, an undetiutsd something, known aa genius — the apark 
l*> set the whole on fire — ia of infinite value, when it can be had, 
yet few hoys or youths can be said to show it strongly, even when 
m after lifts they develop it. Perhaps It ia as well this should 
be ao, for a precocious genius often breeds an overweening concei t, 
nnd makes a man quite too pixjud to be taught, almost too proud 
to learn. And a man of talents and industry, even though of 
but httle genius, will not fail to rise. 

Such youths as I have attempted to sketch are not so rare but 
that one may very fiirly require that all the few characteristics 
named, except perluips the bust, genius, should be forthcoming in 
our youug aspirant fur architectural life. Let us now inquire how 
ought he to have been educated to give him the best chance of 
future success? My own desire would be that the arclntecturiil 
5tudent should have had an uuiversitj edocatitm, but should have 
had tiefore him his future prc^fct^sion during a part, if not the 
whole of hia college career. It is very much to be regretted, and 
were it not that all .-urhiteets are travelled men, it would be still 
more to be regi-etteil timt the number of O3tfo\^l and Cambridge 
men in our profeaaion ia ao small as yet. At present, at nuy rale, the 
posses/sion of a degree h a distinction of no small lustre among tie, 
V^or the bar and the medical profession an univei-sity career ia 
coDsideri**] almost an essential, yet the learning, knowletlge of the 
world, goo<l conuectiona, and polished bearing, acquired at an 
university are quite aa telling advantages in an architect's favour, 
and to the full as needful to him as to the physician or the 
barrister. # 

The absence of anything like an artiatic education from our 
public schools and cdleges is no doubt a main reason why 
architecture as a profeasion has fewer aitractiona for nniveralty 
men than other calling.'^. Cut there may be other reasons}. 
The entrance to practice is not guarded yet, though the time 
is coming when it will be, by an nt!idnl examinatiou; its 
highest prizes are nothing approacldng what are obtained 
at the bar J and perhaps our average incomes are not so 
I high, and our social status less indubitable, than in some 
'<>ther professiona. Still in moat *.*f these respects a rapid and 
Dotable improvement is on foot; and let us m*irk that the more 
studious and accomjdislieil each of you becomes, the more will he 
advance that movement; while the delightful nature of much cif 
our work, and the cordiality subsisting among the members of 
the pn>fession, render it one of the most attiuctive a maa of 
culture auii ei)uratt>>u can chrmse. 

Ijaatly, the circumstances under which men ordinarily 
obtain practice are auch aa to make it no real loss of 
litu<i to devoto the requisite years, after leaving aohool, to 
an university education; or s^^me similar coui^e of scholarly 
and gentlemanly training, in fact, if he be also an artist, I 
^]>dieve that, within anything like I'easonabli- limits, the htter a 
youag-wjuj euter9 our prof^sah^n (aiippwhig hia time to have been 
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well spent previoudy), the better will be hta chanoe of 
If he enter an office at sixteen he will, it is true, be fit to reoeiv* 
a aalary as a clerk three yeard earlier than if he entered! at nim 
teen; and tliis is in ninny cases so imnortjiut an object that thei 
is nothing to be said against itj but I believe that of tw^ 
men, the one entering at sixteen and Uie other at nineteen, haviuj 
well 3f>«int the intervening three years, the latter would be likel 
to be the most forward by the time they were both thirty 
thirty-five, 

wKore an university eduoation is not attainable, a 
elaasical, raathemalical, and general education, the best 
is m.>3t deairahle, and in thia no special branches of study 
be mngled out. I want the young student to be generally 
and instructed, and if be be so, history, the mathematics, 
modern languages, which are ail technically desirable, a I 
essential for him, will be among his acquirementa. 

Of apeeial culture, the chief, perhaps the only pointa to b# 
insisted on are dramtiif — not architectural, but of the figure an<* 
landscape — and genpial cultureoftasleforand knowledge of the " 
arts. This I should like to see carried very much further than I 
ordinarily attempted, before a student begins his life aa a: 
architecturd pu|nl; and I believe that in many cases a youti 
who hits left school in order to liecome an architect would gaji 
time by devoting tiie whole of one year to nothing but drawtnj 
under g*xxl inatruotion, except so moch lime na was requisii 
8im)»lytokeep uphiK otherattainmentw, in place ofgtjii ' in 

an oflice. It would not be too much to expect that a ^ald 

be able to draw the figure well from the round, WLii m,,m(i-1i 
example to procure admission to the Antique School of ih«? Royj 
Ac;idemy, and should be able to sketch landscape subjects froj 
nature in water-colours with freedom and finish: ornament, an 
mechanical drawing, and jjerhapo perspective, I think he hn 
better not study till he begins as an architect, but in the figui 
and land8c:tpe, and let me add modelling, if practicable, it 
hardly possible to do too much or t^:) fix too high a standard, 1 
thia a general acquaiutiiuce with the fine arts of painting, scul, 
ture, and music, ought to be joined; and the earlier both drawiu; 
and general art are begun the better. If a roan has been durin; 
many years educated, and ia highly eoltured in literature aolel 
it seems unlikely, and I believe in fcict rarely happens, that thi 
fine arts will take a strong hold ujx>n his mind; and of ct^nrse, 
the twoj n rtnn who has artiatic feeling and power, with even ver] 
restricted general culture, will succeed bettor aa an architect ih^: 
one highly cultivated in other matters, but deficient in artistii 
skill. I could point to instances of both classes of men if 
abundance; and therefore I aay unhesitatingly, let us have Ih 
highoat, best, and moat extensive culture we em, only along wii 
it a 8Ul!ioient amount of art-culture, and extended over a huij 
enough period of years to prejiomlerate over everything 
making the man an artiatic scholar^ — not a scholar merely. 

The majority of young men do not enter the professioiL with 
such advanliigea fully dt^vt^loped — and to such I have only to say, 
that they are not therefore to despair. They enter, it ia true, at a 
disadvantage, but by resolute well-directed effort this disadvantage 
may be overcome, although it ia true that scholnrahip and draughts- 
manahipmaybe ordinarily moatcoDveniently and completely acquir- 
ed before begiuing the career of a pupil. Thei-e is nothing really to 
preventanyonefromgaioingalUheatt^iinmeotalbaveuamedduriugf 
the time of his architectuiul studiea if he be ao minded, or from 
aupplententing, to a very great extent, hia deficiencies; though I 
cannot deny that such a task will prove an arduous one. It is 
however greatly to be desired that, whatever these deficiencies 
may be, they should not be fadings in draughtsmanahin, nr let 
nie add, failings in gentlemanly breeding and peariug. 
The ranks of the architeetural profession as it is now 
constituted, are no place for a youth who is clumajr or ignorant, 
either In his general de^dings with men, or in his special dealings 
with the objects of hia art; and if there be any failings in these 
two respects no pains should be «pared to correct them. 

A young man who enters an ofiice for the first time, whether he 
fim J 8 himself the sole occupant of a lonely room, or the junior 
among a crowd of clerks, will find much that is novel in what 
surrounds him. Let him start with the conviction that everything 
which is new to him is something for him to learn, and I think 
he will have the he^t guide to his conduct in an office that anyone 
cjuld give him; nay, I feel sure that, if I could but be certain tliub] 
this rule would stick twAi in your memories, I ueeil hainlly hh 
one W'*»d more abrmt r*ffiee life. I will put it in the briefeait w ny 
learn alt thai ym find mui\ and I i*iU begin with the cauuoi 
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Ihal gvitiDg aoeustODoed to things is not wbat I menn by leanuDg 
Th»-ff* m iv be some few ihiDga that one learuia tolembly 
g ustomed to them; but they are very, very few, 

T! iTJ ktiowa iatelligenliy* It is this iu fact that 

tu waru you agaiust. At first ther« ia such a 
iinaecTjsVmjed ihiuga doing and pasaiug before him 
tfist i'8j to the Dew comer, a remarkable^ often even 

an tji 'i. But it usually hnp^>en8 that while oue or 

two I velties are inquired into, niaatereil, aud no to speak 

Icou^. iuority of them are simply auquiesced in, the pupil 

gela accuaLumed to ihem, perhaps he even bears a band iu them, 
Aud r#«t he never learnst them-, pKisalblyi after the first blush of his 
CttHo ' -one off, he never even so much as recognizes tliat 
ther n»g to learn ia the majority uf them, till veai*a after 

en I'j uiid that he is deticient in an elementary knowledge 
he mighty had he »o pleased, have easily picked up whUe 

a hundred instances of this, any one of which t 
fe.... .i....!ist all of y oil would admit to be true. Take an 
iple at randora^you are told to work out a staircase on a plan 
tion, and that the risers are to be seven inches and the treads 
with some contri\nng you do it, and the drawing is approved, 
home well con tea ted at having learned all about stair* 
bow to contrive them, when iu truth, for the most part, 
only been getting accustomed to them. Why is the 
lo be »eveo and the tread teni Supposing there wna not 
for your staircase^ how could you make it steeper; supposing 
you wanted a broader step, what siirt of a riser would be right 
then; or, with a steeper riser, what tread would you require! Or 
•g&in, your master comes, and aays there U not 'headway — ^altera 
the plani and leaves you to put it in ink. If you are seeking 
learn, you will not rest till he tells you, or better 
ill, till you find out what ** headway" means, and what 
osiong it requires. If you are merely stupidly i.'etting 
med to your work, you will quietly ink it in, as altere(i, 
tit any intelligent understanding of what you are doing, 
suppose he alters the width, the pupil who wants to 
ru sets to work, his attention being awakei^ed by this hint, 
(xinvtuce himself what is a handsome width for stidrs 
id^what not, he looks at the next three or four staircases he 
measurements of them, and eo learua for himself the 

idth of staits of a given class. Or if he is still desirous 

€«rn, but not very thorough, he simply asks his master or a 
fellow-clerk, gets an explanation, forgeta most of it, and in so fat- 
he remembers it learns something of the subject. But if, as [ 
d, he is not at all intent on learning, he simply inks in what is 
before him, or accomplishes his other task with as little 
expenditure of thought as possible, and goes home at the end of 
Ihc* day no wiser than bo was at the commencement. 

There nve a <lozen other points in which a staircase might 
illuatrate what I mean, but tne truth is, that not a drawing goes 
ugh a pupil's handfl, not a paper does he copy, not a letter 
he endorse, hardly a meaeage does he put down in the 
>ok, but if intelligent and observant be may learn something 
lion from it. Of course such technical things as 
wings will not give up all their treasures at once, 
to the veteran in a lauijuage of which the tyro is 
itrgnp the letter^ and the spelling, but where all is so full 
novelty, every pei'son truly desirous to learn, whatever may be 
be degree of technical information to which be has advanced, amy 
team from it something. 

Vou will gather perhaps from the spirit of the above remarks 
;hai in ray opinion there are better ways of learning what oue 
ntU know than being told it. The truth is that the 
nowledge wliicsh we really find out for ourselves, it is which 
becomes incorporated with us, and really is an enduring 
lion; much uf what we aro told we forget, therefore, as fikr 
can do so, pi-efer to 5nd things out; but in the n umber lesa 
sl&DceH rhut will occur where finding out is not possible, without 

information than you possess, ask some one who knows. 
I would suggest as an excellent rule tor any pupil entering aa 
loe, and dei=>inng really to benefit by the opportunities it offers to 
,, that he shirk no part of the work. Some yoone gentlemen, 
.U90 A premium was paid with them and they think themselves 
will not fiti-ain a sheet of paper, or print to a drawing, 
d will hardly speak to a stranger. Of these, and all other 
uiiea of the o0ce, let me say that fii-st, as a junior member of a 
itUe oommnnity, a new comer ought cheerfully to take such a 
,r« of them ab falls to his lot, knowing well that if he Ia able to 



make himself properly proficient at higher things, the rudimentary 
vork will very soon naturally drop otf his back and dcscf-nd to 
some one else. Secondly, that part of a thorough knowledge of 1 
lirchiteotuniil practice, ia a personal acquaintance with every detail ti 
of office routine. And thirdly, that some of these are mor# 
useful than they seem, especially the seeing strangera who come 
on buaines*?, and putting down messages correctly. This work, 
which punile are very apt to think derogatory to their dignity, is 
very good training, and often the only training thjtt will c<:)me in 
your way f >r years in that most necessary accomplish meut, the 
conduct of business iulerviewa. 

ConfiJi tu to the regulations with respect to punctuality in 
attenditig, and if the customs of the office allow, as is the case in 
many otiioea, a certain amount of licence to pupils in respect of 
absence during the day, let me urge you seldom, if ever, lo avail 
yourself of this permission, except for things which moiv or lesa 
directly bt^ar on your studies— such as going to visit the uiU^owuih, 
the galleJes of pictures accessible, any works iu hand within 
reach, and all the good buildings, ancient and modern, you can 
rtnd. 

By-aud-by, little by little, the young architect will find Ihe 
chaos ahapiog into something like order: he will begin to under- 
stand drawings, and buildings, and uQice work. At this stage 
common construction is the portion of the work which it seems 
to me invariably, or all but invariably, takes the principat nhnre 
r»f the attention of young men in au otHce, supposing they have 
begun to use their instruments freely (for it takes many months 
to master this thoroughly, I think few men who have been Jess 
than two years in au oftice would ink iu a set of drawings and 
leave nil the straight lines straight and firm, and all the circles 
round). By common construction I mean the ordinary routine of 
putting a building together, how trimmers are managed, how 
arches are turned, how walla are plastered, and so forth. This 
is all well; master it all, but let me entreat you, at as early a 
date as you feel yourselves getting the rudiments of office work 
into your heads, to aim at the highest parts of your profession* 
As for construction, master nil that ia simple, but do nnt rest 
content with the simple work if anything unusual, difficult, 
large, or complicated is going on iu the office. Do not consider 
that such work is for the senior clerks to do all by themselves, 
but seek to be permitted to join in it. You may he unable to do 
any of the work, but try to make yourself master of the prin- 
ciples, check the calculations and understand Che contrivuncee. 
One difficult thing so mastered ia worth, and in fact will teach, 
many minor matters. 

Mjike it a rule however, that wh&Uver construction eQtere 
into your drawings done in the office you well understand it all, 
and put it down correctly. This will involve giving & oertaln 
nmount of trouble to fellow-clerks or pupils, and may here and 
llifre introduce delay into things which you miglit wish other- 1 
wish to hurry; but be obstinate if nGcesaaiy, both with yourwlll 
and others, on this point, for without it the habit of shirking 
difficulties instead of mastering them will be formed, your work 
will be slip-shod instead of thorough, and your progretss wiU hm 
apparently perhap§ rapid^ yet iu truth not real. 

But mainly and chiefly set it before you as your pHneip^d 
object to learn all the art you cau from the works in the office. 
From tlie first try that your very simplest drawings shall have 
something draugntsmaulike about them, and take every oppor* 
lonity to get such artistic work to draw, or especially to ink in 
from others pencilling, or at least to trace, as you can secure. Do 
all the detail drawings anyone will let you do, and strain every 
nerve to do them well. If hy-and-by some little work is 
entrusted to you to work out the drawings, and draft a specifi- 
aitioa lor the principare eye, let no pains be spared, no etTort 
omitted, to make your work as good as it can be, and especially 
in as good taste. 

Even art- work however, must not occupy all your time in an 
office; take a share In all the business that voes on, especiiiily if 
there be a little practice iu estimating to be had. Perhaps there 
may be land-surveying, perhaps levelling, perhaps surveys and 
estimates for dilapidations, perhaps some other subsidiary work 
in the office. If so, try to see enough of it to understand the 
principles on which it is done, and to get & general pnietical 
acquaintance with methods of procedure, so that if such work 
oomea to you to do at any future time you may not feel qultt 
strange to it 

One other and most improving occupation connected with offict 
life I must specially pass on your notioe. I mean vtails to works 
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in progress. If there is a good building, io fact, if there is any 
bnildiug beiDg done by the architect whom jou are with, within 
reach of the otilice, go to it as often as ever you can, and be all 
eyes and all ears when you are there. Make friends of the 
clerk of works, the builder's foreman, and some of the artificers 
of every trade, and ask all manner of questions, make all manner 
of investigations, remember all you can, sketcli all the construc- 
tion as it goes on, and put down in a memorandum book all the 
principal matters you learn. Watch narrowly the effect of any 
details, the drawings for which you may be familiar with in the 
office, as they are worked on the ground, an<l again as they are 
fixed in place. Get a notion of actual size — that is to say, try to 
understiind what a foot in height ur a f»ot projection will look 
like near the eye, twenty feet up, fifty feet up, ami so forth; and 
strive if you can to know the building as an .artistic work from 
beginning to end. Learn it also as a structure, find out which is 
good and which bad of the materials. Coax the mason to show 
you which is the bed-way of the stone, and the bricklayer how 
to bond each thickness of wall; watch the mixing the mortar, the 
throwing in the concrete, the various steps of the work, and keep 
Dotes and sketches; and above all things sketch, as it is going on, 
all construction that is to he covered up, and all contrivances 
that are unusual. After all, buildiugs are the right thing. Our 
profession is ni>t that of makers of drawings, but makers of 
buildings, and it is on the scaffold that you will best learn the 
practice of your profession. 

I do not thiuk 1 need go further in order to show that a young 
man entering an office has (if there is any work goiu;^ on in that 
office) abundant opportunities for learning and innumerable 
things to learn. He may feel oppressed at the total want of 
system in this mode of acquiring knowledge as compared with 
the way in which all school studies are 8ystematise(l. I know 
this is to some trained scholars a painful (iifficulty, but to some 
extent it may be overcome by estiiblishing for ouoVself a system. 
Say you have three or four memorandum books. One for mate- 
rials, one for construction, one for arrangement of buildings and 
art-work, and another for office-work, surveying, measuring, and 
estimates. Whenever you learn anything fresh make a short 
uote of it with illustrative sketches, in whicliever book it belongs 
to; and with a little practice and a little systematisiug, the con- 
tents of each book will accumulate enough to prove to you that 
you are mastering your subject in an orderly manner. 

The student, wliether he goes to work in this manner or not, 
will ordinarily have no director but himself, but he will have 
many helpers. His relations with his master will vary very 
much with the temperament of that indivitlual and the degree to 
which he is occupied; but if he gets no attention, it is in nine 
Ciises out of ten his own fault mainly. It is seldom that a 
practising architect has it in his power to devote more than a 
few minutes at a time, at uncertain intervals, to any one pupil, 
and he cannot attempt to frame anything like a course of study 
for him; and many pupils are hanlly aware that anything short 
of such a course can l>e with advantage given them. It is how- 
ever no small privilege, if the office be at all a good one, to be 
introduced to the profession through it, to have the run of the 
office and the works in hand, and to be sure of remaining in a 
good office for a considerable time, and to be recognised as being 
there, not simply to do the work and be made use of, but to 
learu. The pupil, because he is a pupil, will find many a little 
piece of information placed at histlis|^)osaI, which would not be so 
readily accorded to a clerk who might need it quite as much, if 
he will but look out for it among his seniors in the office and on 
the works. A pupil has however a right to more than this; lie 
has a right to have his difficulties explained, his work made 
pleasjint to him, his private reading and work aided; and for all 
these things he should from time to time address himself to his 
master, not taking the busiest moment of the day, or in some 
other clumsy manner making his applicaticm inopportune, but 
doing the thing with judgment and propriety; and if it be clear 
that he is really desirous to understand his profession, it will 
give his master great satisfaction to aid him. It would be 
specially gratifying sometimes to know what sort of work a 
youth would enjoy to have put in his hands, and above all 
things to know that opportunities of any kind either for getting 
woodwork in the office or for seeing buildings would be prized. 
Pupils have undoubted ly a right to any reasonable privilege or 
assisUnce which they feel would aid them in any way; and I 
sirr>o^)v urge ihoAii of you who are pu|ils, and who feel 
tAmt eJther there ia aomvthing you cannot f^et on with, or 



something you want to do, to make a friend of your master iu 
the m.itter. 

There are however numberless points on which you can learn 
better and more appropriately from your companions in the 
office, from the foremen or workmen on the buildings, or froui 
friends in such a society as this, than from your master. Lay 
them all under contribution, and strive early to ascertain what 
kiutl of knowledge you can get from each. Make sufficient notes 
of most of the things you learn, marking the sources from which 
you derived your information, and the dates, and keep these 
notes iu as orderly and accessible a form as you cin. 

Thus much for office life in its earlier stages. Pupils are 
now mostly articled for short terms, such as three or four years. 
I thiuk, if it is a good othce, that a youth may remain, as he 
generally has an opportunity of doing if he likes, a year or two 
in the same otfice with advantage after the expiry of such a 
term; but it will be of great advantage after from four to six, 
or at most seven yeai-s, to change, and spend a little time in each 
of two or three other good offices, so as to become accustomed to 
diversities of system and management, and to see different styles 
of work, befi)re attempting to practice. 

The points which in an oflice, and from the work going on 
under his eye, a youth may be expecteil to learn fhoroughfy, are I 
think, these: — tlte entire routine of an office, and its drawings, 
documents, and books; the entire system of preparing drawings 
for buildings, from the first sketch to the last detail; the mo<le 
of representing on a drawing or a set of drawings, such as could 
be worked from, any thing of any sort whatever that can be 
built; the preparation of specifications. The things of which be 
may l)e expected to leani the greater p;ut, and more or less 
completely, are ])ei*si)ccti\'c, and colouring; the conduct of business 
correspondence and interviews; the preparation of reports ou 
buildings; the superintendence of buildings in progress, and the 
regulating the accounts; the preparation of estimates, rough, and 
in detail; measuring and valuing work; dilapidations; surveys of 
other sorts; land agency business; land surveying, levelling, and 
other sorts of special work. 

In the office alone, however, but a very incomplete educjition can 
be obtained; even sosimpleand necessary an accomplishment as per- 
spective, for example, cannot always be picked up there — much less 
any complete scheme of the art and science of architecture. What 
sup])lemontary aids then can we call in to our help ? In Loudon 
we have more public facilities than the country presents, and I 
will try briefly to enumerate the principal of these facilities. 
First of all, in too many cases, a youth enters an architect's 
office, not altogether without a turn for drawing, but seriously 
deficient in the cultivation of his talents. As this is the most 
serious of all deficiencies under which he can labour, Ic^inuot but 
think thftt to it his first attention should be devoted, and if he 
spends all or most of his evenings for six months, and three 
evenings a week for six months more, at a good evening drawing- 
school, learning to draw the figure, he will never regret it. 
Landscape is only one degree less important to him, and any 
leisure which the other study leaves will be well spent over 
landscape drawing. 

I am almost inclined also to suggest, if he have the misfortune 
to be deficient in his knowledge of French, that working at an 
evening French class will be desirable". The best architectural 
works are French, and the best travelling language is French — 
and as 1 want all students to read much and travel far, there 
seems to be here two very good reasons for cultivating this 
language, if it have been neglected. 

The next matter to be attended to is the desirability ; of 
obtaining a good systematic acquaintance with the history tihd 
the general forms of past styles of architecture, and the theory 
and practice of construction. Fcjrtunately, we have had for many 
years in London excellent courses of lectures ou these subject* 
from a most learned and acLiomplished professor, whose peifei)! 
knowledge of his subject was only equalled by his ability X<fm 
teach it — need I name Prof. Donaldson? — and no less fortunateli|» 
is it that, now that he has withdrawn from the chaiiK 
perhaps the best qualified man who was available of tha 
whole profession has succeeded to it. All students shoulc 
attend Prof. Hayter Lewis's courses of Lectures at Loudo 
University College. To these they will require to devot-^ 
two evenings a week for the winter months of twj 
years, and no inconsiderable additional portion of leisnM 
beside. These lectures will be most advantageously attends 
after one or more years have passed iu an office, and should hardl J 
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eoTomenced quite at the he^jiming of pupilage. 

f of |l*ctu^r^&, an the Aita of Gormtructinn^ is also 

BuuHvi :tL King'*? College. Of the itbility of the 

' wcfl kijMwu fiieiMl, Prof. Ketr^ I neeil not aay a 

Ahuuiti heHtlily rectniMuenti ihnt the^^e he also 

In the days <»f Prof, tfoskinej it was gericnJIy aupponed 

sonrse wiis not intftuled fur nivl»itectuml pupiU, ao ranch 

le who were lo be mlliUAry or eivil engineers^ but I feel 

, the i»re««^nt pniffssfVa hnndH the cuurae will be of 

\ jiny or :ill of us who can aitouil. 

cmlion sttuleuU will riutl opportunities of aelf- 
, HMch ns wHl l>d of eh.seotial dervtce. The raoat 
kturcd to men of two or three, or four years* sbindi rig 
ke ie, our oM eatablished ('lass of r>e8lgn, with 
Qore re^-^ut Voluotary Eiamiiwitiou Claas aoti Life 
fre meetinga Aud par>era will alno become thoroughly 
I the better they are kiiowij, though ronuy of tbeiu will 
list )>e Itked. But theClti^d of De«ii^ is the institution 
Bt coniially recomuieiid the ynung pupil to enter ii8 soon 
g'»l 4 BUiatteriug of tlio rudimeiita of his Jirt It will do 
him that no otlier society efiij» anil above all things it 
8 rtitngi upon thftt artistic part of hi« profeswion which I 
ions he ahould keep protuincntly before his mind. Our 
I h .*,.rM fiiiii an e&celleulop])ortunity of keeping up and 
iiight«maushipi and our Voluntary Exaruiuation 
,.uii very thorough inaightiutosornepraciicjil points, 
st nn acquaintance with nmny others. This class might 
riety be called the Cla&» of Construction and Fractiee^ ns 
bed from the Class of Design; and if you will only join 
Inrs sufficient when it starts next session^ very shortly 
nee, you will find yourselves well repaid. It is one of 
valuable and pleasant features of the good old Architec- 
fetation, that here a student makes friends. Few are so 
d that they can do without some com|mniouship in their 
here many friendships have been begnu which hava 
great advantage during studentship, and of permanent 
fugii afterlife. Let me then cordially invite, and sincerely 
y who may be present to-night only as visitors, to join 
t delay, if it be only for the sake of secuntzgoompamion- 
iidy. 

P. public institution deserving notice is the Eoyal 
Xi>e odvantjiges offered to students are not great, but 
Oo means contemptible, and tiiey are entirely without 
f include the use of an excellent library; lectures (those 
aciure, when any are given, bemg uniformly valuable), 
of iuatruction in perspective, which those who have 
it speak of OS excellent; admission to the exhibition of 
^«op|>orluuity of corai>etiug for medals, and ultimately 
Hly ot obtaiuin^ a travellinsr studentship. The chief 
Biowever, to the young student, L hold to be the 
^baking a deaigu for the purpose of obtaining admis- 
Hpis I know to be ho valuable, that^ white I would not 
Bbry whose draughtsmanship and powers of design are 
Rtly matured to give a fair chance of success (for it is 
iwine to court disappointment, however willing we may 
r it bravely when it meets us fairly); I think every 
enters an office should make the Aciideray part of 
name. The period for trying will vary much with the 
proticieney; his third or fourth year ought ordinarily to 
ifiinceti enough to command admission. 
H courses of lectures on such subjects as chemistry. 
Urology, artistic anatomy, and other kindred subjects 
at the King^a College, at the School of Mines in 
treet, and at South Keusington, Some of these are 
%ble. 

i public body I have to notice is the Institute. That 
■dents, who pay a small fee and have cot tain privileges. 
■k are not suHiciently appreciated, and I shoulil be 
Bow that ni 'men of thid Association availed 

s of them, f ni of this however, the Institute 

ftl otight U> u*i «M I lie greatest service to students, in 
iheir hamls a compendium of the books and subjects 
lo gain good from — in publishing a specimen 
fir, to show what sort of acquirements they 
Br^Htif Mttadeot ought to have made, and what 
retu. 1 to be possessed by one who should be 

bt' ^ died; and above all, in holding the 

Arch iteciu rill Examinations, to atford students an 
^ of satisfying themselves that they have made good 




use of their opportunities, and of declaring to the world their 
attainments. This examination ought to be in the mind and 
before the eyes of everyone as a thing to Jjeprepi' ' ' il gone 
thr»>ugiK It wouhl have b»^en of the greatest pi ice to 

the present speaker had such an examination *:*.\iMt'.-d when he 
eutere<) the protesston as a pupil, and harl such a list of books 
and sketch of examination paper been put into his hands. 

The curriculum held out to me by my fii-st master, a well- 
known practitioner of the old arhool, not now living, was a 
simple one : the Offioe — the Royal Academy — Italy. They were 
all good as far as they went; but a little guidance in some other 
re3|>ects, from some source or other, would have been ot immense 
help. This guidance is now In many wa^s available, and I shall 
hoM it a proof that young men at the present day are far more 
averse to hard work than architects ought to be, if in the course 
of a few years the examinationa are not attended by large 
numbers of students. 

Among public aids to study, I must meullon libraries and 
museums. The best library for your purfvtse is the library of 
the Institute, accessible to you^ — either as ns3f>ciates, students, or 
tempnrjiry students. A fairly gfjod one is that of the Royal 
Academy, accesnible to students of that body. A very gooil one 
exists aL South Kensington, accessible on the pii)tnent of a verv 
moderate fee. All these are opt^n on certain evenings as well 
as ic the day. The tSritisli Museum library is for some purposes 
nnsnrpasseil, but almost too unmanageably large for nn ordinary 
student. It is open only in the day, by reading ticket, obtainable 
on the ivcommendation of any known profesi^ional or reading 
man. The library of the Commissioners of Patents — open 
perfectly free, but only in the ilay — includes many architectural 
bo4:>ks. At Sir John Soane's Museum there is an architectural 
library, but of its value I am not able to speak; and lastly, the 
library of the Architectural Association, if not extensive, and 
lackiug many very necessary bouks, excels all others at least 
in its syatera^ — for it is a lending library^ — the only one, therefore, 
fi-ora which the student can get help in his work at home. 

Of museums, the Architectural Museum at South Kensington 
together with the immense art collections availablethere, is by, 
far the best. Tlie Ijest ol lection of architectural r«Wf accessible 
is however, I tirmk, at the Crystal Palace. The British Museum 
has many good objects of art — especially in sculpture. For tlie 
general study of the art^, South Kensington and the National 
Gallery present excellent and constantly increasing means; and 
the various private collections in Ijondon, if you can gain access 
in them, or if you cati see their riches in the loan-museums 
formeii occasionally, are among the richest in the world. Finally, 
the ditferent annual exhibitions, not forgetting the Architectural 
ExhibitioD, are all of them to be prized as menns of artistic 
culture. 

We have now considere<l ofBce opportunities and such public 
facilities for study as Lomion otters. It remains that we con- 
sider what the youtig architect may do with his own time, in his 
own room, or on his sketching tours, in order to lit himnelf for 
those branches of his professional practice the necess-'iry know- 
ledge of or skill in which is not to be obtained at the otRee or 
from public lectures. In order to make the best use of his time 
a student should aystematitially economise it; he must be as 
systematic as he can, as constant as he can, and as regular n^ Ut-^ 
can; he must not pore too much over one thing, but on tin 
hand he must avoid distracting bis attention among to^j i 
studies at once, or in other words, having too many irons in the 
fire. Above all, he must not work too long, especially at night; 
health and eyesight will ultimately suffer, and he manages 
mattei-s very injudiciously who 6 mis tliat when he has complete*! 
his studies he has rendered himself unable to put them tr> any 
practical use. I never however heard of morning work doing 
anyone much harm, and if any of yoxt are energetic enough to 
rise betimes to study and draw, I believe you will never regret 
doing so. 

There is a great 'leal to be learned that cannot be learned in an 
oflioe. I have already referred you to courses of lectures n.«t a 
most valuable means of acquiririg much of this knowledge, but 
some cannf)t attend such courses, and those who can require to 
know many things for which it would Ipe iille to def>end upon 
them solely or mainly. The student must therefore make up his 
miiui to devote a large portion of his leisure time for many yeaiii 
to various studies and pursuits rerjuisite for his purpose. 

I believe many minds are embarrassed, in the prospect of 
attempting lo large and varioua a mass of acquirements, by the 
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npparrat iritricacj as znaob &&» perlmps more than they are over- 
whelraed bj tlie Araouot of the work to b« done. They cannot 
Udl where to begln^ und wb^t to be at tir«t, and they pf>88ibly 
yield to a kind of despair, oppressed by a difficulty to which th<?y 
hftve failed to find the cHe. Now it often really happens that, 
though the field be very vast, the part of it actiinUy open to » 
atndent i- ' ' nite. Ifao, his duty h very cle^u-^y to occupy 

whut lies ji; for exiimple, suppose he haa but few build- 

iug8 avaii.tr>!.', out has accesa to one cluii-ch of gfK>d original 
workmanship^ HLd has time to make some caiivfnl studies, but 
the atyle is Perpendicular, while he undei-stands that twelfth and 
thirteenth century work w:i8 the tinest. Whfit of that ? Perpen- 
dicular is, among the things to be known^ studied, and drawn^ 
and if he maatera it now he will be all the mrtre nt leisure to 
•ludy Early Pointed examples when he meets with them. Or as 
to books, he has only a few, and they not the rarest modern* 
Blaster them nevertheless, for though modern obsorvation has 
extended our fields it has left t!ie bulk of what wms al really known 
unchanged. In architecture, whether you considei' history, 
science, art, or material, you cannot establish in any a proper 
an i uuchati^i^able secjuence of things. Yon may either begin, if 
the history for example is your study, with the practice of the 
prca^nt day and our own country, a>nd work bact; or you may 
begin the history in the middle, and work downwards, and 
nnwania, and sidewaysj or you may begin at the commencement 
of all time» and follow aa best you may the streura of eventa. 
Either |day has its advantages. Similarly, you may with eqoal 
readiness commence the art by that of a foreign country and 
oome homewanls from that starting-post, or begin at home and 
spread outwards, 

I think then it is sound advice to say, that if anything; within 
the range of your proper studies offers itself, either through your 
hap[K'niiig to possess peculLir ^cilities for ita study or through 
its preseuting itself to your mind as desirable, seize it, and begin 
by it. Knowledge gathers like a snowball, from a very small 
nucleus, and will gather pretty nearly as well uix»n »ny genuine 
nncleos; indeed, nothing is more surprising than tin* way in 
which, when any part of a subject is thoroughly well known, 
other things range themselves before and behind it, and attach 
themselves to it. For eiample, to recur to the instance 1 have 
already suggested, the opportunity of studying one ancient 
church. The man who has really and completely done this has 
matje a vast stride towards the study of the whole of English 
church architecture. You cannot know the chamcteristic mould- 
ings of one jamb or one mullion, without gaining some insight 
into the principles upon which all mouldings are designed. You 
cannot become familiar with those points which ai-e specially 
marks of date, without learning something of how wiiat preceded 
and what followed was treated; and you could not understand 
one bay of a vault or one tracery window without finding thai 
you had gone through the worst part of the difficulty of studying 
all vaulting and all tmoery. \Yhenever at a loss then to decide 
what to begin with, remember that to begin with what is most 
within reach, is ordinarily not only easiest but wisest. 

There may however be those who, having fairly the oppor- 
tunity of selection — a good library available, a good set of photo- 
graphs or casts or engravings at command, or in some other way 
a means of choice at hand— cannot exactly be said to have any 
one thing offering itself to their notice more promiueutly than 
another, and are forced to make a selection and to form some<^ 
tiling of a plan of study for themselves. In this case it can 
hardly admit of dovibt that the wisest thing is to begin with some 
portion of the highest and best [mri of the profession — the art. 
Always put the art first, and let even such all- important studies 
aa the history of architect ui^, be subsidiary to the knowledge of 
the actual artistic and structuml forms, and the power of draw- 
ing them, and of designing and grouping similar forms. But where 
in the large extent of varied f)enod3 and styles of architecture 
should the study of the art be begun? If possible, I think, with 
the architecture of one of the best periods; if one can be found 
free from great complication and extreme elaboration. As there- 
fore the earliest phase of Christian art in Europe unites all 
thise characteristics, and is moreover, pretty fully illustrated in 
the best hand books, especially the Fr-ench ones, and in many 
photographs, I should be ilisf>o8ed to say decidedly, begin the art 
pj making yourself familiar with the forms and general a8|>ect of 
what is termed Romanepqae architecture. This architecture, 
especially the French variety of it, is very beautiful, yet very sim- 
fi/^j, A^tcemJiog from it /on go back in a clear course to the art of 





Ei3me, Greece, Egypt; aii ^^^^g^^^ come down through 

ad the varied styles of < h u l to the present day, Sli 

it chiefly with the pencil, and as ftkr as you can from tx 
examples and pl'iater costs, when these fail, from pholog 
engravings, and books*. After you have got to know the Ei 
Norman, and how far it differed from the c»>temporary 
earlier work of France and of Italy, an<l have drawn some of 
moat interesting features, such as doors, west fronts, cloisters, 
}ou will find an in£?xhauitihle mine of wealth in the eurichmenta, 
especially the c^ipitals^of which good casta are very easily obtain- 
able; and I really think that if you take my advice in this 
particular, and master the Ri>mane»qoe work of Europe, from the 
earliest churches of Uojne or Ravenna to the transition of 
i^ornmn into Eirly English, that you will not need any further 
advice as to progresjj so far as the Inter styles are oonoemed. 
In picking out your e^tamplea from the variuus bor^ks you wiU' 
have learnt half of what th?y have to tell as to the later develop- 
ments of Christian art, and your course downwards will be c«»y 
enough. 

I should like however strongly to urge the desirability of going 
backward as well as downward, and learning what was that 
Boman architecture from which sprang the liomaoesqu«» abd 
learning to know and to venerate tnat refined and yet vigoroQ* 
Greek art from which sprang most of whatever we have that 14 
good* Study also the development of Roman into EenataflaQoe^l 
and learn to know something of the meaning of an ** order,** W 
*' module,*' and the other formuhd of the Italian masters, and 
this equally whether you have entire sympathy with it or not. 
It is disgi-aceful for a man who professes to decide against • 
school of art to know just nothing about it. 

The leading study of all ihtse things should be drawing tbeoi, 
tryinj; to draw things like thera of your own design, and reading 
and tnaking notes abjut them, but mostly drawing. Notice how 
they were put together (or construction), as well as how they were 
shaped and combined to satisfy the eye (or design). Early oom- 
mence to try making designs, and if you adopt mj advice, and 
begin your study of arohitectund forms with the art of one period, 
as for example French Bomanesque, and confine your study for 
many weeks or months to that, you will of course during the: 
same period do well to design also only in the same style. 

I think the arrangement and mode of constructing our Class o] 
Design, make it a capital opportunity for a young man of cuJ» 
tivating tlie y^ry necessary art of designing, I believe it quite 
worth any student's while to join the Association for this class 
only, and I very strongly urge It upon the attention of you all; 
adding to my hearty recommendations that you should join it, the 
one <^ution that you should in working out its subjects embrace 
every opportunity of showing the plans and some of the details 
as well as the general outline of your design, not oontentijig 
yourselves with a showy sketch, but working it more or leta as 
though the drawing were to be built from. 

The competition for the various prizes offered by this Ano» 
ciation, the Institute, and the Royal Academy, will from time to 
time offer you opportunities of trying your strength with the 
advantage of a stimulus to your exertions in the shape of a prize. 
I conlially recommend you to try them, and when more advaui 
I believe you will find it, as I said more at length in my paperl 
** on Entering Practice," a highly advantageous mode of study to 
compete for actual buildings. All these competitions give you an 
opportunity of exercising yourself in the arrangement and 
adaptation of your building to its requirements and intended 
uses, an art not to be picked up just at once, but requiring to be 
gained by repeated efforts. 

Just as I have advisetl you to proceed in learning the elements 
of architecture as a fine art, I would advise yoo to some ej^t^^nt 
to learn it as a constructive art. If from any accidental 
circumstance any special material or any special branch dt{ 
construction offers itself to your notice or attracts your aiteutiooJ 
seize it, and pursue it as far as you can. if nolhiug of the kioii 
occurs there, take one branch and master its eltjmeuts, and 
afterwards take up another. I am inclined to rer 
carpentry as a good branch to begin with, next br: 
and masonry, then joinery, and then iron const ruction. J^ut, 
you ought, as far at least as the rudiments go, to be learningi 
the first rudiments of all these arts, except perhaps iron-work, 
pretty much at the same time, from your ofiSce work and yoni 
visits to buildings; and I do not think you can go %^- - - - 
considering all tnese arts under the general bead of con 
and regarding them as one study, ao fiu* as your ordina. j 
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V atirttt (tftking Dobfou*i Art of Buildiog as 

ll carry you. Thia ma t be going ou at the 

J iu the ru limenUry study of tht^ art, mid the ciittiva* 

taght**infiuslnp» The subseqapiif systeruiitic pursait of 

[iLiry pnrtiou9 of the ilrfft?reiit cniHtractive arts 

o:aiiml^ tnkeu up owe by oue, nvi^jht to go ou at 

as yuor deais,fiiing and your m ►ro aiivnocerl art 

i*jwec»in fulvrtuce itt all iu ardnU^etitre aa a fine 

|une to know at Uiist a^^niethlri^ of buihiiiig aa a tech- 

r L.nl before wt? advance far, we reqnire to know much 

.] . . i .ill true urchilectunil art is the out-gi*<jwth of souml 

c>Gitrticiion, and siandM to it ill Bouiethiog the same relalioD that 

Ti ..'rv lioiJa tiiwiiriU prose, or painting towards deacrlptive 

:iTvd though the simpler features and fumis of archt- 

iieh aa doom, windows, c<»lumn«, and arches, can be 

1 aud m'^stereil without tiny profound constructive 

^ : the case is* different ns you go on and begin tolearo, 

: try to desi;^ entire buiMiui:s, or the more complicated 

rtf them, §ueh as vaults anrl r*>ofe. You will find that you 

understand these before you can observe^ measure, or 

I with advantage; and above till, before you can design 

iirit they look well, or would be likely not to fall dowu if 

built. 

Uji*. part of your studies will be vary much advanced if you 

vpetid some time at the joineri,* bench or the maaonV hanker, or 

if ¥oi» take the post of ck»rk of works on n good building. The 

•bj#etlf>ii to entering a workshop, unleBs you know all about the 

^hr^ you are g^nng to, is that you ai-e liable to hear bad language 

•, . 4ee bad condiict. Thia risk is niu everywhere to some 

[jf l>ut it IB most undesirable for a very young man to be 

: » ised to it than ueceasary; so that 3i»ecii\l care should 

Im I I 11 to kni^w what the habits of the men are among whom a 

yotjth ia plneed before he be seut into a workshop, but I believe 

}i to be nioHt beneficial, and to promote a more thorough 

knowlelge of the minutise of construciion than any other 

pnjc^HM, When yon make a thing with your own hands, you 

can liardly fail to understand it. 

Employtueut as a clerk of works would be, I think, readily 
obtained by most skilful well-trained office hands of some years* 
iiiitiding if it were sought. The duties afford an admirable 
<tpp>rtnitity of learning both how a building is coni^tructed from 
fiT^t to hist, and how an architect ought to conduct his business. 
Every weak point in the plans and specifictaion becomes known 
to the dcrk of w«jrks — every unexpected occurrence of whatever 
tt&ture on the wtirks comes under his uotice; and if any of you 
on my reenmuien«laiinn or otherwise get a twelvemoutli^s occu- 
pation tLs clerk of works on a good building, 1 will engage to 
1 the end of the time you will feel as if you bad never 
i , « much iu tlie same space of lime before. I may also 

fnriy say thai, if such engagements are useftd to yourselves, I 
«houfr] fully expect them to prove on the whole more useful to 
' ityers than the employment of average clerks of works, 
i.owever, in this expectation rather perhaps from what 
i htar, than fi"om my own experience. 

After the two broad and very comprehensive subjects of the 
Ji?a^iiii - (and principles of composition) of the main 

Ktin ^ of architecture, or mo.^t of them, and of materials 

ftfid O'TiMi iicLi'^n, there come a large nuniber of other subJecU, of 
Which it is desirable t4> know some; but of which few (ifanv) 
Icuow all. I am not now going even to attempt a complete 
enuniemtioQ of them. You will find most of them enumerated 
Or referral to iu the Institute programme of examinntiou and 
liBt of books; and as a general rule, I may say brcKdly that any 
IcDOwlcdge you can get on any of these subjecta is desirable; and 
%liiit fonie of them are indispensable. 

Of the inilisf^ensable subjects, I may briefly enumei^te warming 
%od ventilation, drainage, and some outline of the laws relating 
%o eootniCts and to buildings. As examples of l>j^s essentiid 
%baagb most highly desirable acquirements, I may cite minera- 
logy, geology, cheniistry, the laws of light and sound, heraldry, 
^umy* and ttiechanies. 

An examjile^ of the other studies or arts bearing on the fine- 
n: r the profession, I may name as essential the principles 

ri ainjjof the practice of decorative colouring, aud the 

ciiroij gy ol architecture, which is indeed the history in 

ntiiiiiUi detailf and which, aa far as English Architecture is 
OOOOirned, you will learn best by gaining a very intimate acf^itaiu- 
teooe with nil the details and all the dates of a few good build- 
bigw rxtunding over a long peiiod of time. Other aoquLrements 



are the art of modelling or car>Mng, special ftoquaintatiod with 
stained glass, meUl work, jeweliera' work, enamel work, mo«ftic 
aud other inlaid work, 1 and ^cape gardening, etching, litbogTi^>hy, 
auti{)uarian research^ and such special oranches of it (as for 
exiimidc ecclesiology) aa bear upon buildings, or decorative art. 
An excellent sUUement of the nature and claims of all these 
branches of art may be found in Mr. Scott's paper winch he read 
before us two years ago, and ia one which, a short time previous 
to that, he had read at the Architectural Museum. 

Id these studies, in fact iu all the studies 1 have urged on 
your uotice, great help is to be got fri>m good books. A few of tbe 
best booksof reference ought to be part of your earliest acquisitions, 
The Institute list supplies the names of most of the most useful 
ones, but its list makea a much larger library thau you will be 
able for many yean^ tct hope to acquire, or would indeed need to 
poissess. Gwilt*s Dictionary is one of the uvost univeraally 
useful books we have; Dobsou's Art of Building, and a few 
others of Weale'a Handbooks enumerated in the Institute list, 
ai*e desirable and not expensive. Next to these I should place 
(if you read French) Viollet~le-Due*8 *Dictionoaire;' or, if that be 
U)0 cosily, De Cauraont's ' Ab^cedaire.* Rickraan, *The Glossary,' 
Paley*s Mouldings, and some of Pugin's books are among the best 
known handbooks for English Gothic; and the best guide that 
I know a^ to bow t<i study English Gothic buildings is Sbarpe*« 

* Famllels;* Nesfield's book, anrl Shawns, are good examples of 
dmughtsraanship, but very far inferior to Sharpe in aualysisaud 
arrangement. 

For Classic styles, Chambers, and a compact etlitiou of Stew- 
art and llevett'p* Athens, ai^ good to start with, and to these you 
can aild some of the best French and Italian books as you go <»o. 

As you go on of course many authoriiies and books of all sorta 
will have to be consulted, I have merely named the above, that 
yon may have some idea of what to torn to first; but besides 
books of reference aud books of engravings, you will find it 
interesting to peruse s^mie of those works which ti'eat of our art, 
or of portions of it, in a critical manner, histories, biographies, 
aud general works on art. Aa examples I will cite the his- 
torical articles in Viollet-le-Duc's Dictionary; Mr. Petlil*s 
bixiks; Mr. Ferguson^s Handbook, and other works; Street's 

* Brick and Marble Architecture;' Scott's * Westminster Abbey,* 
aud his * Domestic Architectui-e;* above all the early portions of 
liuskiu^a ^Stones of Venice,^ together with, ft»r more miscellaneous 
remling, the best of Kuskio*8 other works, Sir Joshua Beynoldn' 
'Discourses;* Cellini's * Autobiography;' Boecoe's * Lorenzo di 
Medici.* All the^e, as soon aa you have acquired some facts and 
want to know more, will be read with pleasure aud profit. But 
luark me, till you find they give you pleasure i\\ese books will 
yield very little profit, aud had better be left unread. 

For purposes of study, 1 doubt if photographs are so 
useful aa moderately gofnl en<;raviugs. They are it is true 
wonderfully faithfuJ,'bat their eifects can only be approauhtfl by 
a draughtsmanship more finished than most students can boost; 
and J lilieve studies from prints and plaster caste will oftener be 
found instructive, partly owing to their being less di^heart^njizig 
to make, and partly owing to their being selected subjects, whicli 
ill the case of prints are given in the shape of studies, and in the 
case of casts are in the moat advantageous stale for being studied. 
But photographs will serve belter than most things, the very 
important port>ose of assisting the student to surround himself 
with good architectural forma. I hold it of the greatest im- 
portance that there should be some beautiful objects aliout iu your 
room, upon which your eye may daily fall and constantly rest, «o 
as to correct some of the deadened perception of beauty and 
vitiated taste which we cannot hope wholly to eacai>e, living as 
we do in a city replete with the base and the hideous, and iu an 
age when almost every common article of furniture, of dress, and 
worst of all, of ornament, ia either utterly worthless, or far woi*8« 
than worthless. A few good photographs, two or three good 
casta, and some bits of good Japanese, Chinese, or Indian colour- 
iug, iu papering or acrieens, or a bit of carpet, need not cost much, 
aud they may save your eyei and your taste from ruin. 

Let no scheme of study be so arranged and prosecuted as lo 
become a weariness and to excite disgust. Yon can hardly 
become tired of drawing if you only select good subjects; nor can 
you well draw too much. But of most other sorts of work you con 
do too much; beware, therefore, of thia, and be especially careful 
to include in your leading those books which interest the reader, 
which enlarge and elevate his view, and which are written with 
enthusiastn. 
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If, however, all this be pursued wilb diligence and success in 
your owu rooms, or in libraries, or by the help of lectures, there 
i^emains to urge upon you yet one more thing, without which 
3'our book-learning will lose half its ettect. I mean the study of 
buildings themwiven. You must draw from entire buildings, and 
you must draw from separate portions of buildings, if you are 
ever to make good buildings yourselves. 

London presents few fine suijjects for such study, but still enough 
to be of the greatest value. Of the style which 1 recommend you 
to begin with, there are very few examples here, but in the 
chapel ill the White Tower we have one of the purest and simplest 
specimens of Bomancsque work that England contains. A few 
fragments may be found at Westminster, and a little goud work 
by going as far as Kochester, but there are excellent casts at 
South Kensington and Sydenham. Of all the succeeding styles, 
however, Westminster AblH»y ))resents examples of the highest 
value; nur is St. Saviour's, Southwark, to be overlooked. Leave 
to draw in the Abbey is easily got, and in the summer months 
leisure to go there will usually be readily granted by any mjister to 
any pupil found makiug good use of it Avail yourselves of this 
pj-iviK';.'e Lo the utmost, aud transfer a large part of the Abbey, 
espeui.illy of its interior, to your sketch-books. Of Italian work 
we have some excellent modern examples in the Pall-mall club- 
houses, and earlier ones, but with less accurate detail, in St Paul's, 
and Wren's chui*ches. 

Of Greek and Koman and Oriental architecture we have no 
specimens visible, except some fnigments uf architecture, and 
many noble works of sculpture, in the British Museum; but both 
of these and of other styles we have the most extensive, complete, 
aud classified series of casts which the world eversaw, in the Crystal 
Palace. It is an excellent place to see and to sketch in. Leave 
to draw there is readily obtainable, and it appears to me extra- 
ordinary that so few persons avail themselves of so complete a 
series of architectural examples. The Arclntectural Museum 
casts are readily accessible, and among them you will find much 
to woxk from. But at once the pleasantest and the most useful 
mode of studying buildings, is to join some friend, if a little more 
experienced in such matters than yourself so much the better, in 
an architectural walking tour, and to spend your summer 
holiday in tliat manner, or, if it suits you better, to go alone. 
No more pleasant way exists of blendiug recreation and improve- 
ment, and nothing c:in do so much to keep alive and increaio 
your own interests in your profession, and to waken in you that 
enthusiasm for it, without which you cannot hoi)e to reach the 
highest eminence in it, as this mode ('f study. 

At some period, probably after not less than four years — and it 
may be after a great many more — the student should make a 
long journey, principally on the Continent. This is happily a 
tolerably well-recogniseil custonj. It is one which cannot be sjifely 
omitted. I do not think it necessary here to spend much time 
upon indicating n utos and places to visit, only let me urge that 
nlenty of time be given to Italy, nut only for architecture, but 
because there you are are more thoroughly steeped in an atmo- 
sphere of fine art of all kinds than elsewhere. For Gothic work 
France far exceeds Italy in value to the student, but the lime in 
Italy will be felt to have been of greater value, in making him an 
accomplished student of art in all its bnmches. If possible, some 
time should be given to Greece aud Egypt, and Asia Minor. 

Perhaps 1 ought to say something here about how to study a 
building, and first let me sjiy, that if you can approach it with 
some previous knowle<lgo of what you are to find in it, you will 
gain more from it than if you come to it quite a stranger, 
and if this is not pnictictble, the .-issistance of a skilled ol>server, 
familiar with the building, and who will dniw your attention to 
its remarkable points, will help you ver}' much in your observa- 
tion of it. The sort of sketches you should Uike will be determined 
to some extent by the natui*e of the buihhngs. Some a:e more 
appropriately used as studies of detail or ornament; others, and 
these the best, are also as useful, as teaching general 
design. These last you win often best study by first making 
a rough plan, if there beany peculiarities of phm, and then one or 
more sketches in perspective of interior or exterior, or both. But 
I am disposed to recommend beginners to m.ike the principal 
part of their sketches, for some time tu come, geometrical, and not 
m pei-spective. This motle has the following recommendations — it 
is the mode of working to which they are most accustomed, it pro- 
duces yery practically useful drawings, and,mo8tinipoi:'tant of all, 
it cannot bo done without the student's devoting som^ amount of 
thought to the work. I should therefore recommeu^ the attempt, 



especially with moderate sized portions of buildings, to reduce 
them back — in studying them — to the same drawings which you 
may suppose would have been needed to be made for the original 
construction of them. Take for example an east-end of a chuch, 
studied from outside, the sketclier having a block, a two-foot rule, 
a small T square, and a bow j)encil. I should fii-st roughly 
me^isure or pace out the width, and, then retiring a little away, 
carefully compare the width and height, aiding myself by 
holding my two-foot rule at arm's-length, alternately horizontal, 
as parallel to the building as I could get it, and vertical, hanging 
perpendicularly. This tells approximately what height and 
width I have to provide for, and consequently, to what sade j 
must work in order to get i tall in on my sheet of paper. I should then 
measure and draw to scale with as much care as was requisite the 
plan of my east end, putting it at the bottom of the paper. Then 
I should rule up the vertiud lines, and, as far as I could reach 
them, measure the heights. Whenever 1 could, above the jx>intB 
to which I could reach, I should ascertain additional heights by 
any such means as counting courses of bricks, or (if there be such) 
counting uniform courses of stone, or by measuring the height of 
quarries, or the distance apart of saddle- bars in windows, and calcu- 
lating the dimensions by the number of repeats. In this manner 
you will get up some way; for the remainder a trained eye, and 
the careful use of your two-foot rule hung up at arm's-length, as a 
scjile by which to compare ascertained dimensions with those not 
measurable, will give you all your heights to within a very few 
inches. I should turn in the curves, should try to add a section 
by the side of the elevation, and should afterwards proceed to 
draw very carefully, as separate studies, the profiles of the 
mouldings, sections of mullions and tracery-bars, and caps and 
bases; and in fact, as many details as time allowed, or as there 
seemed need for, whenever possible, getting up to the mouldings 
with laddera, &c. I am persuaded that this plan ])urKued for some 
time will help the student thorouj^hly to underst:ind the 
buildings he has to draw in the early stages of his out-door 
studies, and also thoroughly to understand the nature of geome- 
trical di'awing. 

As proficiency advances, you will feel more and more able, and 
more and more inclined, to draw in perspective, and this is the 
mode of study most natuial and most pleasant to the advanced 
student; but you should always bear in mind that it is more 
possible to miss the peculiarities which give rise to an architec- 
tural effect, when you are working in perspective, and dniwing 
the effect itself as you see it, without being obliged to sjitisfy 
yourself as to how it was produced, than when you are 
studying in the analytical method I have just described. In 
perspective work you will find a camem lucida very useful. 
Occiisionally a finished outline of a very difficult subject may be 
completed under it, often, perhaps usually, its use will best be 
confined to the first quarter of an hour; in which time you can 
mark lightly the position of every object on the pa|)er, aud 
rough in the shapes and relative sizes, completing your work by 
eye alone. 

Details of ornament should lie sketched as large, and with sa 
careful an attention to peculiarities of character as possible. 
Profiles of mouldings should be carefully, very carefully studied, 
accurate pmtiles full size being obtained wiien ])ossible by one 
or other of liie modes recommended by Paley in his * Manual of 
Gothic Mouldings', and the student, when he does not work full 
size, shttuld if possible ascertain the dimensions of the mouldings 
and figure them, and make a memorandum on the sketch uf how 
many feet alx)ve the ground level such mouldings are placed. 
He should also observe the effect, the light and shadow, the air 
of breadth or of intricjicy, of richness or of simplicity, of strength 
or of weakness, which each group of mouldings possesses, and 
should note, as far as he can find it out, what causes produce the 
effects he observes. 

Lastly, structure, such as the jointing and coursing of masonry, 
the fi*aming of joinery, &c. should be shown as far as it can be 
found out, and always shown with a scrupulous regard to accu- 
racy, and, as a rule, these sketches should not be touched after- 
leaving the building, so that they should form trustworthy- 
memoranda for all future reference of what you saw while yoi 
were looking at the building. Structui*e, let me observe, ma^ 
often be admirably studied in a ruin. You learn much frooK. 
trying to find out why one part has stood while another ha 
falUn; and you have a famous opportunity of seeing how tb< 
old men put their work together, when you see it comiu;; v 
pieces under your eyes. 
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These Btndiea' will mostly be mad* id pencil, but, if the atudtnt 
e&D colour, he should make coloured sketches from nature aloQg 
with hia other work. If you acquire the habit of sketch iug 
standin;^, which is eiisily learned, it will save you, nrhcn workiug 
ia a towu, from much annoyance, for you are much leas readily 
•een, &nd it being much more dilhcuk to look over your shoulder, 
yon are much hds liable to he moledted by the curious tbaa 
when you sit down. 

It is an advantageoua pbu also to make the attempt from 
time to time to describe & building in writing; this may till up an 
evening somatimes on your trmrs. You should uiake nucli 
dflooription ex.act and accurate, but at the same time somewhat 
picture^f|ue, emulating such descripttous hs those in the hooks 
of Street and Pettit. Such deacriptiuna will be fouod uu- 
expeciedly, perhaps, to bo of g^i^eat value to you when you consult 
them m your journal. The making of ihem will be of great use 
at the time. 

T ought perhaps to fiay something about meaauring. I am not 
of opinion that the making hasty and perhaps inaccurate sketches 
and figuring them with careful dimensions h so u^^efiil, if thai be 
all, as making a careful sketch either to scale or in perspective. 
But if you draw out the buildings as you measure them, then you 
get a more perfectly drawn authority than in any other way is 
obtainable, and you work the buildiug muro completely into 
yotir head thau by any other plan. I would, therefore, ouly 
measure choice examples; and when they are measured take care 
not to neglect the working out the drawings. 

I have now gone through the leading outlines of what can be 
Jearned in the office, what on the scatfold, what in the lecture room 
and your own study, and what in your sketching rambles. It 
only remains to add a very few concluding remarks. The first is, 
that if what I have enumerated seems formidable in amount, you 
must remember that it la the work of a life-time. You have nut 
cboseu a trade or a handicraft that can be learned in a few years, 
aod then you have done with learn iug for the rest of your 
days; happily you have a profession where the ohlest practiuouer 
will find something new in science, sometliiug iu art, something 
in practice, as long as his ftcuUies ret^uu their power. Don't 
always be looking at what yet rema ua to be done, or what seems 
beyond your reach, but couceutnile your attention on what yuu 
are learning now, and what i* within your i-each. None ought 
better thau an architect to understand the proverb, **Katne was 
not built in a day" — ^yet Rome was built, and so will your educa- 
tion be accomplished if some part of tt is done daily. 

If then you are fully occupied, and that with architectural 
work, feci content, make the best use of the work that is uudtsr 
your eye; and remeiulier thi^j that one good building thoroughly 
Qnderstood — no that you feel you anM design it all de novo^ both 
as to arrangement, structure, and architecture, could write its 
•pccification, direct its ei*ection, judge of all its materials, profile 
all it mouldings, mea^^ure all its extnis and omissions, conduct all 
its (K»rreH[>oudenc«, and, in short, make it, pull it to pieces, ana- 
lyse it, do with it what you will, — ^one building thus completely 
amstered will go very fariu making you an architect. 

I feel that 1 must pause for a momtut to inquire, Have I 

drawn too favourable a picture of the acquirements altninable 

aoder our present much decrieil system ? I think nut, and the 

be«t answer I can give is that very many skilful, educate<l, 

ieoomplished architects eiiist at the prenent time iu England, 

who have learne«l all they know in the mmner I have deaciibed 

to yon, except only, that few of them have hail ihe advantage « f 

the lectures, the claa«ea, the public libraries, and the Institute 

uaminutions. Yet of course a large number fail to profit — same 

of them, if there were a scltoohiiaater over them to hold their 

noses ti> the grindntone, would lenrn more and perhaps do better, 

but these are Hot the beat class of men. The v»^*^ijl'ft'' advantage 

of the Engli<ili plan is, that it brings the student very early into 

eoatact wiih actual work, and throws him to a great extent on 

bis own ret^ources. These are ju.^t the circumstances under which 

pi genuine English nature tlirives best. At the time when one of 

''Ott is pr«"paring actual working drawings, and visiting actual 

tiildiogs, and improving his leisure aastt'uis best iu his own eyes, 

k^Sreneh or German student would be working exclusively on 

Eiea propounded purely as exercises, and arranging his studiea 

lui directed by his instructor Each plan has its a<l vantages, l^ut 

I am quite sure that the English plans suits English natures the 

Wast, if they be but genuine hard-working ones. 

I should, however, heartily welcome the prospect of nuoh a 
•ehool aa Mr. Scott sketched oat iu that admirable paper he read 



to us, and as the Institute partblly prepared to eetablish* la 
recommending to you our daises here, I feel that their work 
would be far better done with the larger means which such a 
school would bring to bear, while they would be as fnr from 
binding you in the trammels of an academy or of an at 7i>r, as 
Prof. Kerr or Prof* Hayter Lewis's lectures are now; and 1 cjinnot 
forbear ei pressing my hope that the year of Mr. Beresford 
Hope's presidency of the Institute will be graced by the estab- 
lishment of this much looked-for school of architectural art. 

Meantime, let no one consider that he has any time to wait. 
Those who are waiting for the diploma before they offer themselvea 
for examination, are not the men of our contempoi-aries who will 
hold it when It is given. Those who have come to the examtua^ 
tion period, aod gone iu and pas^d, wilt get it. Tbn»-e who 
wait for it will tiud their time otherwise occupied wheo the 
diploma ia available. So with Mr, Scott'^ school^ so with every 
other good that is to be. Seizi* the beat advantage that lies before 
you, within your reach, under your hand. Come to our cJasaea 
if those upataira are not really; follow what path ia oj^eu, if the 
one you would like to pursue is not free to you. Above all, do 
Dot stint your labour. Avoid injury to health, eyesight, and 
vigour, but, securing enough leisure, enough ret^reation, and , 
enough sleep, give nli the rest of your time to th# study of a 
profesflioa which, whether you look at it aa an art, a science, or » 
busmess, will well repay your zeal. 

Jjooking ou architecture as an art, the true pleasure felt by a • 
real artist in his mastery of his work cannot be youi's without 
long and patient study. Looking on it as a science, the security 
of all you do, the mastery over all your obstacles, nay, the possi- 
bility of faithfully doing your duty by the valuable property and 
the more valuable lives entrusted to your care in erecting 
buildinj^s, is attainable only by study; and taking the humbler 
view of your profession as a calling in life, it is only after tbt 
most diligent study, and with the most careful attention, that 
you can hope so to carry it on as to uphold its dignity and your 
own reputation, and to conduct successfully the affaira it will 
impose upon you; and let me adii that, however private connectiona 
lu-^y increase the chances of obtiining work which some of you will 
have, it ia only thearchitectwht> is master of professional routine, 
of scientifi J const ruction, and of artistic design, who can turn thoaa 
chances to account, and who will ht able to gain honour and 
profit from hia businesi*. 

As vou sow you will reap; as you study now you will praotise 
by-and-by; and I therefore earnestly urge the devotion of all 
your leisure and the exertion nf all your energy in a pursuit 
well worthy the best efforts of all of ua, Muire than all else, I would 
desire to fix your attention on the pammount importance of 
a thorough mastery of the pencil. I will give draughtsmanship 
any prominence which may be secured for it by recurring to it 
as I close this paper, and I will try to illustrate its value by 
reminding you of a well-known speech of Demosthenes^ the 
great Athenian oratf^r. Of him it is tuld, that one asked him 
what was the first essential of an onitor, and he said Action; 
and what the second. Action; and what the third, still Action^ 
was hia reply. Just so, and in the s^ime sense, I would say 
that the first essential of an architect is Drawing, and the second 
D I awing, and the third Drawing, 
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lUuHtrQtiom of Old Testament Hisiorif^ from (he R pf^l MS. 

2 B. vii. Briiish Mitaeum. By N. H. J, Westlake and W. 

Purdue^ Architects, London; Masters. Oxford: J. H, &. J* 

Parker. 

The above production of Messrs. Wesllake and Purdue will be 
bailed wtth much interest and gratification by all coDccrned in 
the study of Mediaeval art, or associated with i;^-in trod uct ions 
drawn therefrom, as placing within easy reach a very valuablo 
and highly suggestive original source from whence to gather ita 
proper spirit and to secure ita characteristic sentiment and 
expression. 

It is an especial desire, indeed necessity, of the present day, 
that reference should be had to such authorities as are here 
exhibited, and it is therefore unnecesaary to enlarge upon the 
fact of how much good service he performs in the field of art 
who, in however smuil a degree, dtsseminatesi or to ase an ordl- 
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nmry plirwe *' populmriaei," the knowledge of the treasures we 
poBseBB of thU kind, Messrs. Weatlnke and Purdue are eraineotly 
entitled to thanks on this Bcore, and not alone that their contri- 
bution i I* by BO means a limited one — on the contrary, must have 
entailed an atnount of labour nnd untiring perseveraDce which 
th'^se only who have tilled on similar ground in like manuer can 
form any just conception of — but that it ia one al^jo which 
especially heralds tlie proper direction for our thought and 
study, and pointa to the true and legitimate at&ndarda by which 
to hold and regulate our course. 

Having premised so fiir, it may be necessary that we now take 
a more particular view of Meaara. W. and P/s publication. It la 
in fact, a copy, so far as outline and chief chamcter and exprea- 
sion is ooucerued^ of the princ^ipal contents of the well-known 
MS, Reg* 2 B Vir Musei Brittanici, corntnonly called Queen 
Mary's Psalter, a work attributed by competent authority to a 
date corresponding with the best peiiods of Medi»val art. The 
contents of this celebrated MS. comprise a series of illustrations 
ofScripture history, each with its appropriate glose, coTunieucing 
with the fall of Lucifer, and ending with the death of Solomon — 
a beautifully illuminated calendar — a similarly enriched Litany — 
a Pajiiter and Hyuinal— and several very interesting and highly 
coloured delir^atjoos of the prophets aud saints. The first men- 
lioned were, with llie Litany, iu part brought before the public l»y 
Mr, Wtsatkke in 1858, and have since b*en completed by Mr, 
Purdue. 

In the original MS, the illustrations, in the case of the 
histories, are out sparingly touched with colour^ chiefly a kind 
of purple and a dull lake with green, confined, for the moat 
part, to the dresses of the figures. For the faces and unclothed 
parts a kind of sepia brown is used. Each picture ia euclosed 
within a border, coloured bright reil, which is continued round 
each page of the book, and liuishea at each angle in a spray of 
three leaves, shaded like the figures, and outlioe^l in black. 

It is, perhaps, to be regretted tltat the cijlouiing here nieu- 
tioned does not appear in Messrs. Wesstkke and Punlue's work. 
It would have been very useful, as showing how far conaiderable 
additional effect and character can be obtained with compara- 
ratively little labour. On the other hand, we perhaps see the 
drafting capability of the naediceval limner more clearly, thus 
divested of the aid derived from the coloured finish. Another 
omission is also to be regretted. In addition to the Bible His- 
tories, at the bottom of each page of the original are a number nf 
very curious grotesque subjects, such as are repree^ented m the 
BesUaries, and the MS, illustrations of the Sports and Pastimes 
of the period. Some of these are highly interesting in treat- 
ment, and the variety and originality of design ia v&vy exten- 
sive and instructive. As in the case of the Calendar also of the 
original MS,, where the head-piecL- of each page con tains a repre- 
sentation of the employments of the months, the Signs of the 
Zo<iiac, &c., they are particularly worthy of attention and study, 
and would have added considerably to the general value of the 
book, viewed as an authoritative example for like introductions. 

As regards those subjects, however, which we have repre- 
sented to us, with so many calling for notice on account of 
their general treatment, or other more specific merits, it is not 
easy to make choice. We may refer, nevertheless, to Plate XIV. 
of the series^ tor the grouping of the five figures on the right of 
the centre ti-ee, "The men of t!ie law" wondering at the 
act of Abraham breaking the false gods " en despyt ;" — the similar 
grouping in Plate XXVIIL, where Joseph *s brethren exhibit his 
«loak fttaiued witli blood to their father ; — the four figures in plate 
LXXIII,, where Sampson shows Dt?lihih to his father; — the Plate 
CXIU., where, in tlie upper picture, Sidomon is directing the 
ViuHdiugof the Temple, and, in the lower, receiving the visit of 
iheQueeti of Sheba, — in both of which the arrangement of the 
draperies in the figures ia remarkably well concept ved ami ren- 
dered. To Plate UXVL we would also — passing over several 
othem hardly less worthy^particuicirly draw atteutinu. I'his is 
a most interesting and well-designed and drawn lUdix Jesse, 
differing from the later and more general representations by the 
ahaence of th« figure of the Blessed Virgin, which UMually ter- 
minates the series. The principal figure, as is commonly the case, 
is the reclining Jesse, his head resting on an embroidered 
cushion, a rising tendril issuing from behind, enclosing in iU 
fonvobitions nine figures. There are no names attached to 
thw^e latter, David is, however, identified by his harp as occu- 
pyhig the centre compartment of the first range. Our readers 
9r//J ife Mif/0 to judge for tkem9elre» of the au^^estiveness and 



value of this example from the illastralioo (Plate V.) which aooom- 
panics this notice. 

The plates which follow the Jesse, and which are highly illu- 
minated in gold and colour in the original MS. contain, in the 
one case a series of single figures of apostles, and the three 
Mary's, preceded by a seated figure of the S>aviourin majesty, and 
accompanied by a very beautiful picture of the bles^ei Virgin 
holdiug the infant Jesus, similar to, indeed, idmost identictil with 
b painting of the same subject still (that va to say, a few years 
ago) existing in one of the witidowa of Clifte Church, in Kent; 
and in the next of a similar series of figures, but here placed in 

E.airs atid forming a juxta-poaed, or paralleh^d arrangement of the 
oly personages of the Old and New Tesiameuts, each holding a 
scroll inscriVjed with a text, Jeremiah being companioned by St. 
Peter, David by St. Audrew, Isaiah by St. James major, Zecha- 
riah by St. John, Hosen by St. Thomas, Amos by St, Jamea 
minor, and so on for twelve other figures, ending with E^ekiel 
as cm pied with St. Matthias. 

It would he possible to dilate, to much greater extent than we 
have her*? done, upon all thrit ma}^ be derived from a reference to 
the work before us, and from a Ciirefnl study of what it presentn. 
We must however be c<mtent with what we have already said, 
and to rest in the hope that it may be sufficient to secun? for it 
such a consideratiMU na its real wurth would fairly entitle ita 
producers to expect, and should, properly viewed, eusure« 
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Art F&'iage. By James K. Colltno, RR.LB.A. Loodoa: 
published by the Author, loO, Ham pstead- road. 

The work before us is a valuable .id di Lion to our knowledge of 
ar t'decoration, and likely to be of great use to atone and wood 
carvers, as well as to all those any way engaged upon foliated orna- 
mentation. Mr. Colling has gone deeply into the suhject, and 
has very clearly eu unci sited the principles which should guide 
the art-work mau in the treatment of imtural foliage for artistic 
pllrp^l9es, which as he explains must, more or less, always be 
made geometrical, ftud arranged with symmetry in accordance with 
its situation and purpose. One of the first things to be studied 
is the arrangement of the branches which constitute the leading 
lines. These constitute the skeleton upon which the whole i# 
formed, and Ihey should be made such us will best harmonise or 
contract with tlie architectural or other lines which surround the 
composition. In the second place, the forms of the leaves and 
Bowera have to be considered, and to be altered or adapted from 
nature as circiimstancea may recjuire. In the third place, and 
one of the most important poiijis, requiring grent study and 
cuuaideration, is the elfective arrangement of light and shade. 
Then there is the position it ia intended to occupy, whether inter- 
nally or exterually; whether it has to be placed close to the eye, 
or at a height; and, lastly, the material in which the ornament 
has to be executed. 

These vjunous points the author has carefully aud systematically 
examined in the body of his work, and has most ably illustrated 
by a series of boldly designed enrichments of a very varied 
character, cons ia ting of examples of coloured decorations, wall 
papers, iniays'of marble and of wood, carved diapers, and ironwork^ 
besides many examples of carving both in stone and wood, as 
fipandrils, |ian els, bosses, string-courses, curuices, enriched mould- 
ings, capiuda, corheU, finiaU, crockets, and hnicketa. 

The commencement of the work is devoted to what Mr. Colling 
calls **an Analysis of Form," which is both ioterestiug and 
highly useful, for a person who intends applying himself to the 
study of ornamentation, should examine the nature of form of 
every species when reduced to its first and most simple principles. 
This Mr. Colliug exemplifies in a series often plates, tracing the 
use of geometric f<irm from its most simple elements to its mors 
complicated, and divides geometric ornamentation into thres 
divisions, treating them under their separate heads^of Diapers, 
Borders, and Centres. We consider this a moat im|>ortant part 
of the book, containing as it does a large amount of original 
matter which it ia most necessary s'lonld be known to every 
omamentist, no matter upon what materiid he may be engaged. 
To our manufacturera especially engaged in the ornamentation uf 
woven fiibrics, this portitm is likely to prove exceedingly useful 
and highly suggestive for new combinations of forms. It will 
materiiUly aid them in relinquishing old conventional and worn- 
oat ideas, and lead them to adopt a greater range of beautiful 
combiuMtions. 

Iq illustration of his subject, Mr. Culling has not limited 
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bimielf to atyle^ but baa flooglit for exftmpled among the Egyptian, 
AiByriani Todian, ChiDe«^, and Jiipanese^*8 well aa the Greek, 
Roman, Italiati, Byzjintiue, Romauesque, and Mediseval. Beaidea 
this there are c tnstaiit references throughnat the work to leaves, 
flowery and other objects in n a in re which are ad^pt^d to the use 
of the ornamentist^ and the book c^jnclndea with a aeries of pi a tea, 
eoosiating of some v.tluable example* of natural buds, ferna 
Icttves, flowers and fruUj which appear to be selected with great 
esire, and to contain excellent auggeations, if worked out and 
vtodied in the same spirit as Mr. Col ling's own designs from 
natare. Nothings however, requires greater cire than the art of 
•djipting form !j from n iture; for, as the author truly says, "Natural 
foliage, however well rendered or cunningly carved^ if merely 
o^pied from nature, without being translated bj the mind t>f the 
artint, will f^il eotirety in its ptirpose, and be less effective than 
the liteml copyiMm of the foliage from any of our architectural 
precedents. This cannot hi too slrongly inaiated iip<in, becauae, 
if we tell our artists that they shonld not copy from old t^x^raples, 
bat aimpfy say, as it h ts often been said, that they should * gu to 
nature/ we should soon be so deluged by literal rcpreaentationa 
of uatural foliage, tliat ihia syatein of copyism would become 
woFBe than the first In the rendering, then, of nitLurrd into 
decorativfl foliage, there must Ite study and thought with life and 
beauty. It must be the creation of the artist's miud, and not a 
copy of this plant or that flower. 

Mr. Colliug has evideutly gone into hia subject m^ amore, and 
with the e;irnestne33 of one who underatanda the 3nbj*?ct upon 
which he la treating; and has oousequeutly produced a bouk which 
we have little doubt will be highly appreciated. We have no 
work that so fully explains the applicaiion of nature for the 
parposes of oniamentjitioii, and coming at a time when so much 
IS being doue by the carver and orii.imentist in the various new 
works of great importance all over the country, we anticipate for 
it «. most marked and deserved success. 



A liand'ookofFormuliT^ Ttthles, ani Msmoranda for ArchiVctural 
Surveyor t. Bj John Thohas Hurst, C.E. London: Spon, 
Bucklersbury. 

This book contains, in a convenient form for the pocket, a con- 
tiderable and varied collection of memoranda useful in surveying 
md the allied branches of buftiness. Such a work has long been 
required* presenting as it doea in an accessible form a very large 
proportion of those details which, though they may be required 
at any moment, cannot easily be retained in the mind, or traced 
ID the large works which are standard authorities in the several 
brandies of science. We have here tables of the strengths of 
xnateriats, and furmulcc for calculating the strengths of beams and 
Iruases of different kinds and acantlioga of timber and iron, aa 
QSUally applied in buildingj memoranda relating to water supply 
and capacity of pipes and sewers, with tjibles; thicknesses of walls 
and retaining walls; weightsof materials; proportions of stjurcasea; 
formulsB for calcukting the eflicieucy of the mechanical powers; 
mensuration of superficies and solids, with tables and gauging. 
Then ft d lows the xneasurement of builders' work; memoranda as 
to building materials; constants of labour; schedules of dilapi- 
dations and fixtures; architects*, surveyors', and valuers' charges, 
and tablee of weighta and measures. There are also notes upon 
the valuation of property an<l reversions, with tables of interest, 
and the valae of annuities, Ac The author does not lay claim to 
originality, and in many cases acknowle<lgea the sources from 
which the information is derived, the omission of this is however 
in some ca^es to be regretted, as, although the sources may be 
generally kuown, a book of this kind may usefully guide the 
student who ta In search of fuller information. The wjrk seems 
to have been carefully prepared, and, from the on '.line of the 
priocipid heads of information which we have given, u will be i 
to be of great utility to the architect and surveyor. 



CUT-OFFS* 

Tbs ©ODtroversy betweeo the United States Navy Department 
and the builders of the Algonquin, enlivened by the trenchant 
letters of the constructor of her engines, has forced on public 
attention the subject of expansion by cut-oifs. The sympathies 
of tnaoy practical men are with the builders. They eudorse 
their cijuhdeuce in the superior qualities nf the engines, and 
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their defiance of official opponenta. Still the principles of physics^ 
ou which the result depends, are inexorable, and insensible to 
moral suasion or censure. There are those who think the mighty 
agent, upon which progress depends more than on anything else, 
has pasaed through every form and phase of trial, and that its 
value as a motor is exhausted in modern engines; others, with 
more reason, believe that, so far from our knowledge being com- 
plete, much of importance is yet to be acquired. Unacquainted 
with the parties contending and their experiments, without a 
shadow of interest in cut-offs, or the slightest prejudice in favoar 
of or against them, I thiuk it has happened U* them as to other 
devices to whicli credence has been given without due examina- 
tion and opinions taken up on truat. At the risk of having the 
retnark applied to myself, I think they are imperfectly under- 
stood. Thu following thoughts are thrown out with the sole view 
of aiding in the discovery of the truth. 

To economise steam by expansion has been a desideratum for 
well-nigh a century, and nothing conclusive has been attained. 
Conflicting opiuioos are still rife, and the governrueot has 
charged a commission of experts to solve the problem by a fresh 
fipt of exfjerimenls. J have no faith in doubtful or hazy explana- 
tions of mechanical matters, nor is there any reason why any- 
one should. Whatever is uncertain vanishes when thoroughly 
looked into, and every man of ordinary talent and persietence 
can do that. Such is the case with steam. 

Althou^^h the leadiu:? element in the civilisation of our orb, 
aad one iu all probability never to be superseded, the properties 
of aqueous vapour are as palpable and plastic as thoae of other 
bodies. As complete control of it may be had as of them. It is 
weighed in the same sciiles, and its quantities ascertjiiued by the 
8am<s vessels of capacity aa liquids and solids. A pound of it is 
a pound of water vaporised. The mode of using the measures ti 
somewhat different than with liquids, but not less rigid and cor- 
rect. One holding a cubic foot of water has to be emptied and 
filled afrtsh until the required number is made up, whereas with 
steam several feet are commonly ctmtained in the space of one, 
the number being indicated by the pressure. Hence pressure 
and quaiiiitt/ are complementa and ex[)licativea of each other. Aa 
vcilume increases, prca.Hure diminishes, and vict oerffJ, the quan- 
tity remaining the same. The smnller volume mKj contain the 
larger: five cubic feet whose pressure is 40 lb. on the inch, con- 
tains 10 feet of 20 lb., or 20 feet of 10 lb., all three being equiva. 
lents in cost, quantity, and power. The knowledge of thia is 
essential to a correct a]»preciation of cut-offs, since as much, or 
even more steam may be let into a part of a cylinder than would 
suffice for the whole. 

It will be understood that I speak here of natural steanif not 
of that doctored by heat and more or leas decomposed after 
actually or virtually leaving the boiler, — steam, of which every 
cubic foot contains, iu round numbei-s, a cubic inch of water, and 
iu the uaing of which nothing is left in doubt — nothing to mys- 
tify or perplex, — steam, whose power is increased by inci-easing 
its quantity, just as more heat is obtained by consuming more 
fuel, more light by turning on more gas, more wind power by 
enlarging sails to catch more of it, as the force of a gun ia 
increased by adding powder to the charge, aud that of men and 
animals by increasing their numbers. To double the power of 
Btefim, the fluid muat be doubled. Such wc take to be the only 
reliable theory of forces, whether the motive agent be an elastic 
fluid, a liquid, a solid, or a livlug body. Yet vast amounts of 
time, tident, aud money, have been aud are still being spent to 
prove Bteara an exception. Superheating it may, in certain cases^ 
be found useful to prevent preuinlure condensation, but that ila 
value as a prime mover is thereby increased has yet to be estab- 
lished. It a<ld3 nothing to the substance of the fluid. Another 
query is, whether any alleged gain does not cost, all things COD- 
sidered, as much or more than it is worth. 

If a sluice-gate be arranged to deliver more water on one part 
than on another of an overshot Tvheel, no more power coulJ be 
got from it than from the uniform discharge of the same quantity 
upon it The power would be in the weight of the liquid, and 
that would be (he same in both cases. So with steam; it is the 
quantity let into the cylin<ler that dcterminea the power, not the 
mode of letting it in. This is, however, questioned. Advocates 
of cut-offs inaiat that when the whole force or charge is openeci 
ou the piston iu the first part of the stroke, and left to expand 
and follow it to the end, a better effect ia obtained than from an 
equal (or even greater) charge let in regularly from the begiuniuKL 
to the end» or near the end of the stroke. | 
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ft baa bpen thus accounted for: *' By the moraentura given to 
the RKitter which the eogiue is tnoviog — it may be the fly-wheel, 
or the steamboat itself, or the train of cars, all of which, when 
once set in tuotiou, will not suiideDly stop, even though all 
power were «U(KleDly suspended from driviug them, and which 
therefore will continue to go on nutJer the dimitiiahed presanro 
of the expanded steam, Thua yon see that, whec the steam is 
cut off from the cylinder, that which ia in it contiouea to push 
on the piston with dimiuished force, hut still with sonie force; 
and aa the \miou cannot stop, it absorbs, and through the wheels 
which it drives gives out again to useful effect whatever preasuro 
U iliu^ speui upon it, juat as your watch will run all day, 
idllhtugh ih© spring which drives it growa weaker and weaker 
OK h \6 lel.ued. The gain which can be obuined from the use 
of exi«insion is measured by the extent to which you carry it; or 
in oiher words, how abort you cut otf the ateam in the cyliuder. 
Ten expansions will ilo three tirne-i and a third as much work aa 
no expansion, using the same amount of lire aud steam/* 

Progressive movemcuta ilepeudent on varying momenta abound 
in every department of nature. Animals that go forward by 
springs or leaps are exam|>lea. The path of some birds through 
the air ia a snccessiou of astsents and descents — a series of uudii- 
lations or curves — rising by the action of their wings and 
descending without it. The principle of thua applying force ia 
therefore a sound one, and the question ia, its adaptation to 
artificial machinery and propulbion, We find it confined by the 
Great Eugineer to orgaDiama specially fitted for alternations of 
I*%apa and stops, and who*e functions are incompatible with 
uniform speed. Neither the locomotive organs of natural ma- 
chines, nor the conditions under which they act, are applicable 
to ours, nor ours to them. There is not a rotary pi-opeller in 
nature, while we have in the wheel the most equable and perfect 
instrument of progression. Ita supreme excellence ia ita com- 
plete adaptiilion for receiving aud ti-ansmitting continuous motion 
without jarring the masses it moves, and consequently without a 
varytug momentum. With cut-offs there is of necessity an 
inequality of pressure on the pistons, and therefore an inequality 
of motion in bodies impelled by them, — an effect fatal ti> stability 
and durability. If the second proposition in the quotation is to 
be received, the laws of force and reaiaiance would seem to be at 
fault 

The next dictum is specific, and not to be miBunderstood. 
Could it be proved, a chief niche in the world's Wrdhalla would 
be due to its iiuthor. That by the same quantity of steam more 
than three timt«s the work can be performed with a cut-off than 
without one is incredible, and if true a miracle almost as great 
aa making three gallons of water out of one. If the resistance 
were greatest at the beglnuiug of the stroke, aud fell down to 
zero at the end of it, there mi^ht be cause for some gaio, but so 
far from that, it may be considered uniform in bodies moved by 
steam, whether ploughs, ships, cars, or manufacturing meclian- 
isoia. Whatever may be said to the contrary, we must c<iDtinue 
to believe, till controverted by facts, that there can be no saving 
of steam power by substituting a succession of impulses for con- 
tinuous pressure, except in ciisea wliere the resistance rises and 
falU with the pistons movements. Whether there are such 
caiea we know not, but it is certain that sudden changes of force 
and velocity are not the things for steam madiinery, no more 
than are springs and leaps (sensible or insensible) for bodies 
moved by it. 

The popular idea is illusive. It is the impression of many that 
when the cut-off acts at half-stroke, half ia saved; at one-third, 
two- thirds; an*! at one-fourth, three-fuurths. They forget that 
pressure indicates quimiity. Engines with cut-offs of necessity 
use steam of greater tension than otheis, and the lesA the charge 
iht greater the tension. The only difference ia that one class uses 
bmall volumes of high prenaure, and the other large volumes of 
lower pressure, the requisite quantity being the same in both* 
An engine is worked with steam of 100 lb. on the inch, and cuts 
off at half-stroke. The mean pressure of the latter half is, there- 
fore, 75 IK, and that of the whole stroke 87 lb. on the inch. 
Observe that twice the force is expended on the first half than 
saOicea for the latter half, and (the resistance being tbe same) 
twice the amount requiixnl. Where then is the difference in the 
amount ot^nsumed between charging the cylinder with 87 lb. 
■team, and with it varying from 1()() to 50 lb. In every case as 
much of tlie iUiid luuat be admitted as will push the f»i!iU>u to the 
end of the stroke, whether soon or hiter cut otf. Another engine 
t^iJiiJer uf the capjicity of 12 cubic feet; aud requires 



steam of not leas than 12 lb. per inch pressure, 
work without a cnt-off. Suppose it be determined I 
and cut off at half-stroke, would not the tension have t 
to 24 lb. on the inch; if cut off at one-third, to 36 lb.; 
one-fourth, to 48 IKI In fine, does it not follow that th 
there is no more to be gained b^ cutting off at a quarl 
half-stroke, and no more by that (unless in special an 
to) than with no cut-off at alh To determine how fi 
conforms to theory there is a conclusive experimcq 
same quantity of steam used with a cut-off to the ( 
without one. 



THE ARCHITECTURAL ASSOCIATKJ 
At the ordinary meeting, lield 22nd ult., Mr. Boh 
in the chair, the minutes of the last meeting we 
confirmed. Messrs. Chas. T, Whitley and J. W. 
were elected members of the Association. The followi 
men were nominated for membership, to be electedj 
meeting: — Mesai-s. Edward S. Harris, Edward V. Nf 
Cross, Chaa, H. li. Wilday, George Lot, W. H. 
Condy, Frank Palmer, John H. Span tin. 

Tbe report of the sub-committee, appointed on theS 
ber to makeinquiresQs to the publication of the transact 
Association, was read. The report slated that satinfactoi 
ments had been entered into with the Editor of the Civi 
and ArvhHeCs Journalj whereby the Journal woul 
authentic reports of the papers and discussions thei 
Lemon proposed, and Mr. Faver seconded, the adopt 
Report, which was carried. 

Mr, Riddi'U .-innounced donations to the library. 1 
man then called on Mr, J. Douglass Mathews, hon. sec, ' 
Essay for which the prize of the Association had beei 
to him. Mr. Mathews' Essay will be found reports 
part of tbe present number of this Journal, 



Mancheiftcr Architectural Atsociation, — The annns^ 
and conversazione of this society was held on the 20tb 
gathering was y^ry successful. The contribotiona of 
and models were very numerous, aud generally exhih 
ability. A series of three pictures, by Mr, J, Redl 
aketches taken upon the spot, illustrative of the rise 
tion, and decline, or, as it was termed, ** the morn, 
night" of architecture were displayed, and iudicaK 
study on the part of the artist. Singularly, for the 
"night" was emph^yed a scene taken from the Hv 
which will be familiar to anyone acquainted with 1 
bourhood of Blackfriars Bridge, Manchester; the ** 
Gold/* in Venice, which ia a masterpiece of construe 
nuity and colouring, being selected as the epoch 
science was at its **noon;'' and a Canadian log shanty, 
solitary settler, represented ** morning." A collection c 
photographs were shown, representing various 8cen« 
fornia. Amongst the other contributors were Mesai 
shire, Gregory, Clay, Newton i Co., i&c, &c. — Mr. ^ 
the president, delivered his inaugural address, in 
deprecated ilie system of cheap architecture adopted I 
the members of the profession. The system, he said 
cheap after all; but if there was any sacrifice to be 
should he at the expense of ornamentation. He con| 
the association on ita prosperous condition. — Mr. J. B 
sident of the Liverpool Architectural Society, tliou:;h 
alliance meetings should be peripatetic, and not con tin 
particular place (as London), so that there might he mc 
intercourse between them, — Mr, Bowman, Dr. Clay, i 
gentlemen also spoke; and votes of thanks were accort 
contributoi-s and the president. 

Exhibition of French Art in New Y^rk, — An arrangi 
been made for an exhibitiuu of the works of French 
New York, and the Muntteur det Art* of Paris says th; 
d.irt, one of the editors of tlie Sociitt; dvs Aquafortiste^^ 
in a few days for America, to organise the exhibitioUj 
to open in Match. He takes with him about twc 
pictures, by the i>eat living artists of France, and re| 
tlie wchuul in all its phases. The idea is cerUiiuly a 
and if well carried out is likely to furnish French artii 
new and important market for their ^orka. 
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CnUKCH OF THE RESURRECTION (ANGLICAN) 

BRUSSELS. 

( Wifk an eugraviiiif.) 

We complete the illustratious of this church, by an iuterior 
view, io this mouth's Journal. The church stands north and 
south, which will explain the apparent discrepiiucy in the titles; 
the ritual east or chancel gable faces nearly south. It was 
urigiually intended to erect houses on the eastern side, leaving 
only a j^issiige to the church, but to this the burgomaster oVyects, 
and re([uires it to be left open, wishing if possible, as he states, 
that so tine a cliurch should not be hid. This will be acceded to 
if it can be arranged. 



ON IRON: ITS LEGITIMATE USES AND PROPER 
TREATMENT. 

TiiK following are extracted from a paper, *' On Ironwork: its 
legitimate uses and proper treatment," by Mr. William White, 
F.S.A., F.R.I. R A., read at the Royal Institute of British Archi- 
tects. 

Having now vindicated tlie cause of iron, aa well in its 
legitiuiate use as from its growing abuse, I must endeavour to 
sum up the chief of the diflerent modes of treatment, and the 
several processes which can or cannot l)e justified by a strict 
observance ol the distinctive qualities of the material. It is 
ditticult to lay down doi^matic and unerring rules as to what is 
right or wrong in principle; or always to say whether such rules 
are infiiuged or not in a given instance. It may, however, be 
»t«ite<l generally, that proper treatment for wrought-iron is 
exemplitied in that which best exhibits the power of the work- 
man's hand in the forging of it; and it is in design and fashion 
sudi as to preclude the probability, if not the possibility, of its 
having been cast or impressed, — whether ])y its delicacy of form, 
or its vigour of finish. Even in works of massiveness or strength 
some evidence will appear of the yet more overpowering force 
which has bent the strong metal to its will, whether it be by 
hand-drawing or tapering, or by some little playful conceit which 
the workman indulges in, thus stamping it as his own. 

Cast work, on the contrary, must be more Si)ft and superficial 
iu its treatment; it must bi such as to bear strict evidence of its 
impressment; it must apjwar in forms such as to be capable of, 
and well fitted for, repetition; such, in fact, as could scarcely be 
wrought even by great skill or by imlefatigable labour; such as 
to ex!»ibit ciiielly surface work; such as to avoid all appearance 
of scroll or curl or tortuous bend, or other little refinements and 
dexterities whieli can be displayed to perfection only by the hand 
of the individual workman. The distinctive dilfercuce, indeed, 
between the true art-treatment of wrought and cast metal is, 
that the former must dis])liiy its ductility and vigour; the hitter 
its imiuessibility and jiassiveness. It is from the denial or 
neglect of tiiese (qualities that failure commonly commences in 
either case. Rut there is a third description of work which 
ougiit not to be passed over. It is the treatment of that which 
is called malleable iron, so called not because it is hammered out, 
but because after it has been cast or pressetl into a die it is 
capable of receiving without fracture a certain amount of hammer 
labour. Not that it does receive this, excepting peihaps in 
luiuute proportions, and in rare insUmces; but it is a name which 
appears in published price lists im a sort of sign-post to misguide 
:in uninitiated and unsuspecting public to the idea that it is not 
oiii\ malleable, but actually worked by the hammer. And if 
only enisling or pressing be used in its production, wherein is it 
better than common cast or pressed metal ? Its superiority con- 
.-sisis, say its advociites, in its texture and strength, which are 
.ilhnved to l>e nearly equal to thuse of wrought-iron. And I am 
bound to acknowledge that here, even in iron, is a material 
capable to some extent of high art treatment, if only it is used 
for su(!h. But let it not be degraded to tlie common level of 
other moulded metal. Let it be designed suitiibiy to im [pressed 
work; let it be worked up dexterously and vigorously into some- 
thing that shall be worthy of its use. Let not the forms be 
followetl of a quasi-forged and drawn-out construction in its 
manipulation, but let it be c:ist and worked to the highest pitch 
of smithy skill; let its treatment tell the true tale of its high 
artistic development. Then call it malleable iron if you will, — 
but till then let it uot be ashamed of its proper name. The 



term *' annealed cast-iron" would much more fitly express it4i 
known nature and qualities. But let its treatment justify its 
su|)eriority, witliout having recourse to an unworthy subtei*fuge, 
almost as base as tliat of marbling a plaster CJist to give it the 
dignity and the character of a genuine and valuable work of art. 

Having briefly outlined the several kinds of iron, and their 
respective treatment, the all-important question presents itself 
as to the means available, both in regard of the use of machinery 
and of the position and province of the workmen employed upon 
it. In considering this branch of the subject we must bear in 
mind the trutb that in forged work there is genuine art to be 
displayeil. There is room for delicacy of expression, and for the 
exhibition of the forger's power, which is uot possible in a 
mechanical process, and which, indeed, is the very element 
distinguishing art from mere mechanism. It is equally true, 
however, that great skill, together with great knowledge and 
experience, is required in the fitting of castings, or of machine- 
cut details: and, when well done, skill is evidenced in the absence 
of imperfection and irregularity, rather than in the presence of 
any element of pleiusure to be derived from display of the work- 
man's individuality. Whereas, in -such forged work as comes 
properly under this denomination, it la the reverse. It is not 
the absence of imperfection, or of irregularity, which pleases the 
eye, but the presence of a living power which has made itself 
felt upon the otherwise inanimate ' metal, bending it to its will, 
and giving evidence of its reality, in spite, . perhaps, of great 
imperfections, or of still greater irregularities. . 

Again, in a pro|>er treatment of forged work, and in order to 
obtain the desired effect, great regard must be paid not only to 
the im|)lementH used, but to the mode of using them. One pre- 
valent failing in such modern work is that it is so intensely tame 
and shoppy in its finish. The cold chisel, the scissors, the file, 
are made to supersede the hammer and the tongs. The in- 
discriminate use of the file, indeed, has given rise to a false taste 
in uietal work very much, akin to that of scraping of the stone- 
work of the noble minster fonts of Lincoln and Winchester. Let 
me, however, be not misunderstood. It is not that I object to 
the use of the file; but as I have upon another occasion observed, 
so I would now again take the opportunity of repeating — ** the 
file must be used only as a means to an end, instead of being, as 
is too commoidy the case, the end to which all metal s\irfaces 
must be brought before they will pass muster with a misguided 
public. The tile may be, nay, must be used for fitting and joint- 
ing, and the i)erforation of plates, and other fine work such as the 
hammer could not touch; but the use of the file for finished 
surfaces is one of the first things that lias to be abandoned before 
the forger cjin assert his rightful claim to our regard. Such 
treatment of surface is of the highest consideration in all art 
works, whether in wood, stone, or metal. In soft fabrics it is 
imparted by texture. Jn hard wares it is to a great extent given 
by implement and manipulation. A high polish presents one 
kind of beauty, and a rippled or broken surface another. A 
merely crude and neglected surface does not satisfy the eye. 
Labour of some sort must be bestowed; but only in a proportion 
to the pretensions of the work in other resfiects. But carving in 
stone or wood ought commonly to show the marks of the chisel 
or tool, and if these are scraped or filed or sand-pa perod away, 
the play of light upon the surface is dissipaterl, its character Is 
impaired, and its surface measure, so to speak, over which the 
eye has a pleasure in travelling, is actually diminished in effect. 
So, too, forged work ought to show the hammer marks, and 
whei^efore should the roughness of the fire marks be filed down, 
when, by cold hammering, its surface can be greatly hardene*! 
and its tone deepened, its play of light increaseil, and a ])oli8h of 
a totally different but far superior sort imparted, — a polish not 
of mechanical labour, but of handiwork ? And wherefore destroy 
tlie evidences of hard and well-earned labour for what might be 
effected by the merest apprentice or a human machine/" 

But, say the great wholesale iron-workei-s, in order to carry 
out this view of art in iron-work, you would have all the work- 
men to be artists, whereas under our present system we find one 
artist sutticient to afford employment for a large number of 
ordinary workmen. I would have no such thing, t only siiy, do 
not bestow the term "high art" upon work produced by ma- 
chinery, and fitted by a machinist. In order to have high art 
as distinct from mechanism, the hand of the individual must so 
far predominate as to throw into insignificance the mechanical 
process by which any of the subsidiary forms may have been 
produced. This evidence of the hand of the forger in the cxecu- 
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tiuD of his work beiug Deedful, as the hand of the scnlptor is in 
his, 0)>ens op a large field of inquiry with which we are at the 
present moment scarcely concerned, further than to call attention 
once more to the im]M)rtance, which our present President has so 
oft-en and so ably urged in other places, of promoting, by all the 
means which we can command, the education and the recognition 
of a class which has till within these few years almost entirely 
disappeared from the community — the class of artist- workmen. 

The mechanic, .-is commonly he is in nature, no less than in 
name, hiis, in taking the place, altogether usurped the province, 
of the artist- workman. There is room for both; there is need of 
both: but at present we are reduced almost to the one. The 
question to be considered is the relative pesition and the dis- 
tinctive employment of the two distinct classes. 

1 have found, in the great iron districts of the North, a mis- 
taken idea prevails that there is no real difference, and ought to 
be none, between hand-work and machinery as regards effect 
when finished. It is a mere mercantile calculation as to whether 
machinery or hand labour shall be employed in the execution of 
a given work, and has to how far it will pay to produce fresh 
machinery, dies, or gauges to reduce the work to its requisite 
state for finishing and fitting, leaving as little as possible for hand 
labour in the completion of it. And the amount of art displayed 
is measured, so to say, by the ingenuity of the machinery, and by 
the success which the article has in pleasing the public and 
effecting a sale. It is considered unworthy of the age to put to 
hand-lal)Our that which machjnery is capable of executing, — and 
this Jis a matter not merely of economy, but of art. Articles so 
produced are clabsed with the fine arts, as nearly on a par with 
stained glass and sculpture, and certainly with forged iron. And 
noUloubt there is great art in the invention of the requisite 
machinery for the lacture of such irun-work, — machinery which 
performs all sorts of o|)erations, — cutting, piercing, rolling, 
stamping, and pressing, — machinery of such power, and adjusted 
withal with such accuracy, as to crack a nut, and yut not crush 
the kernel, with a force of twenty tons. And it is not witliout 
some show of reason that the impression arises of the day of 
hand-labour being past beyond recall. Am I therefore finding 
fault with this state of things? By no means. On the one 
hand, I know the day of hand-labour is not ptist; and on the 
other I am too thoroughly convinced of the truth of the dicta of 
the political economist, not to see that a vast population must 
have vast supplies at a reasonable cost; that machinery is an 
untold blessing to poor as well as to rioh; although the change 
must bear heavily at first upon those whom, for the time, it 
deprives of labour. 

We must now pass on to a few details of the processes which 
may or may not be truthfully and properly employed in the 
execution of ironwork. It would be undignifieil and uncour- 
teons, as it would be su|)erffuous, to say anything here as to the 
general merits or rather demerits of shams, or of their degrading 
influence upon high art, before a bo<ly of men who more than 
any other in the world have already and for ever repudiated 
them. But it is needful for me to call attention to the insidious 
way in which shams do creep into the manipulation of modern 
metal work; and in order to make my position clear let me give 
an instance, not as instructing you, but only as illustrating my 
meaning. All are acquainted with the universal mode of twist- 
ing a square bar of iron. This process is said to increase its 
stiffness or rigidity, but at the same time it enriches its surface. 
It is essentially a process of the forge. Not only is a cerUiin 
degree of heat for the operation requisite, but a firm hand and a 
ready eye in the operator — else the twist will be anything but 
ornamental. And what do we find ? This twist, so telling in 
its proper place, and in a sparing degi-ee, is actually reproduced 
in cast-iron by the foot, one may almost say by the mile; and this 
even by some who aim at leading in the van of high metallic art. 
I say the sooner they go to the rear the better: the better for 
themselves and the better for us, and the better for art. One 
mode of forming a twist by machinery there certainly is, which 
may be legitimate for work merely decorative, not c<>nstructive 
or quasi-constructive. This mode is propi'Hy applicjible to brass 
only, and not to iron. It is the forcing of a tube through a spiral 
die, which produces the twist clean, sharp, and regular. But 
when these tubes are usefl as apparent sup(K>rts to arches or to 
entablatures, it may fairly be questioned how far they represent 
legitimate treatment, even though they form but the casing to 
cast-iron columns which do the real work for them. Again,! do 
not see how a constructive arch of iron, whether wrought or 



cast, can be called defensible as an architectural feature. An 
arch, as sucii, implies a constructive process, such as of brick or 
stone, in its erection. Or once again ; what can be more absurd 
than the reproduction in cjist-iron of the distinctive features of 
caps and bases, cornices and plinths, moulded and cut after the 
fashion universally suggested by the necessities of a stone con- 
struction. Yet I have been gravely told that such narrow views 
as mine would set aside one great principle of medieval metal- 
lurgy, namely, its comprehensiveness, which found employment 
for every description of manipulative detail, such detail often 
following in its ornamental features the constructive forms 
suggested by other materials. In no way does my objection 
militate against this principle. For sup{)ose the artist to invent 
or to select from some such other extraneous source the form 
best suited to his purpose, the smith will not reproduce it as 
stone, or as brick, or as other material, but will produce only 
some general idea of the form, rather than a leading and con- 
structive characteristic of that which he followed; much less will 
he aim at a direct imitation or reproduction of it, and no matter 
from whence a form comes, so that that form is good and suited to 
its pur|)ose. The cast column, even, might be used, and then 
covered with plates of finer material, so that these be not made 
as independent cases or cloaks to give an air of construction to 
that which is only decorative, and yet withal very legitimately 
is decorative. Nothing, however, can approach to the deliberate 
perpetration of a oist-iron cresting, such as that of which I give 
au illustration. In this we have not only pretentious cusps and 
braces of a wrought construction, but even the apparent rivets 
with which it is pretended they are fastened together. I woald not 
add a word on the unpardonable parodies uttered in the shape of 
would-be hinge bands; but that every time a protest or a warn- 
ing is uttered it may chance to fall on some ear which it has not 
yet reached and which may yet profit by it. And unhappily, 
this is a delusion still practised upon those who know no better, 
through the catalogues of manufacturers of such wares, — the 
delusion that a cast-iron hinge band adds one whit to the archi- 
tectural effect of a door, and does not rather destroy all that 
might be otherwise good about it. The "small cost" is used to 
justify an expenditure which would be much belter saved alto- 
gether. The small costwouKl be much better expended on send- 
ing them again to the furnace; for such work becomes a species 
of trickery, which is quite alien to the true spirit of art. 

The ^reat aim of art is not directly to imitate, but to image. 
Not to deceive the eye of an intelligent being, but to present or 
re-present to his imagination an idea which is worth reproducing 
or perpetuating. If the means used are opposed to or inadequate 
to the end, the imagination takes offence at the deserved failure. 
And if such poor artifices are used, the taste becomes depraved; 
and 1 believe it to be quite possible for the artist to get into a 
way of living upon fallacies, as the opium-eater upon his drug, 
till his art-life becomes a morbid state of existence, rather than 
an existence of energetic enjoyment of its re^ilities. These 
amongst many prevailing instances of a state of sham pervade 
our modern iron work, and hinder its rising so rapidly as it 
mi^ht t4> the position in art which it ought to occupy. And 
although, as I said, I do not find fault with the state of things 
as regards machinery and its necessary application to all useful 
purposes of daily life, yet I do object most seriously, most 
strongly, to the system so largely adopted of imitating forged 
work on a large scale by the bending, ganging, cutting, 
screwing together, by hands which move as mechanically as ma- 
chinery does, work which is disappointing and insulting, from its 
tame and lifeless diameter, whilst it promises and pn)fesseA at 
first sight to lay claim to our respect as a genuine work of art 

And such, alas, is the practice of all or nearly all of the mono- 
polists of so-called Mediaeval metal-work. The intelligent 
working artist takes in hand a corona or a grille, which shall 
impi-ess people with the idea that it is forged by the hand of the 
exj)ert smith. The work is completed. The popular voice, 
expressed with all sincerity, "how pretty, how neat, how ex- 
quisitely finished," prepares us for the evidence of its having 
been mechanically cut, bit by bit, from filate or bar, as the case 
may be, presse<l into form by stamp or die, folded, bent, crumple<], 
filed up and fitted, and finally put together with nuts and screws, 
by a process of mental m:ichine work, such as might do credit to 
the prof^'ssed manufacturer of cast and machine-made wares. 
But the living working artist, where is he ? He is domded 
from his post of honour. He is become again a mere mecSauist, 
just when he began to flatter himself that he was rising tx> the 
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hln pivf'.- i rj. i.et us leave him theif^^ — for he 

y conif? t^ r ! h 1 . liii to hiirlu'r uspimtinns. Let ua 

rtain ove* il^U H;vil, tlii** IjUTuili.aiug picture^ 

nf muDipuljaiofi iit ttM wnrk, even liil theenrly part 

uL century, was very clifferent, I^mk nt tho wrought 

our C'lUuLry miiriaiond, or even At tbe m-inwurk which 

fjicea nifiny » house, not yet a century ohi, in Lonilun. 

gTiin at the fine nie^iisE^vnl hingt? bantjs as an iltuati'atioD 

[K»i" treatment adnptv*! tu the several pnrta. The orna- 

bantla were forged and finely ^rnjuglit, and bent to proffer 

'Ititt thp termtnntious 8f>nietime3 were stamped and cut 

• '5«i mnde for tbp purpofte. Both of these processes 

I V the h^nd of tlie skilled workman to use them. 

ojiuuIk s*3nictinif8 were apparently first cast in a mouldy 

Q worke<l up and fa-stened oo in their respective position; 

consisted only of snch surface treat ineut as could be 

In none of their stamped work did they ever aim at 

^ ' . or other forms, such as properly could t>e c^irried 

lone. But there are aome who, at the present 

k M.vj uv-i noruple to reverse the procei»8, to forge the ter- 

bn4 and U> cast the scrolls, if w© may judge of them by 

\i^j do and say in other waya^ 

mcnle of manipulating an ornament in early work was by 
it\ug of the cold iron with a hardened tool and hammer, 
31 manner as to c^use the portion cut to cur! up and form 
L We all know not only the old picture illustrating this 
f but alfio specimens of binges ornamented evidently by it. 
n a sharpoess and criapness of finish to the metal which 
ot be got by other means, and wbicli is well worthy of 
owing. But regard musst be pa d to the quality of iron 
d fur this process, as in fact for all good work. Much of 
I iii very inferior for such purposes at the present day. 
\ improvemeuta in sm el ting have increased the hardness 
netai, and expedited its manufacture at the expense of 
,d ductibility; and NUch irrn is all but useless for the 
ne work. It breaks awny under the process of ham- 
of bending, in the forging of it, 

the most or»mmun forms in which c^st-iron comes be- 
,e is in that of the straight bar enclosing the 
"inary dwelliog-house in this Metropolis and 
_ and the question naturally arises, how far that 

jU'4lifiable« In answering this we must bear in mind 
pentte cannot be entirely set aside, however much we may 
I; and that the ditference between wrought and cast fi>r 
rpoae referred to would be, perhaps, some three hundred 
It. in favour of cast. Are we then reduced to tlie dire 
^ive either of doing a great wrong to art, by abandoning 
Eiciples, or of incurring an unjustitiablo expeniie. I think 
►nly, if this cast-iron pretends to be wrought, it is an 
pa sham; for im^tance, if it prej*etita the apicuns point or 
fy scnill which ought to be turner out, and properly can 
ed out, from the forge, and the forge rdone. What would 
by A brave warrior of old, could he now see, bristling on 
I of him, the common but contemptible device of a cast- 
tear, with a c?ist-iron tassel droriping iVom it« head, set 
«itde by the neck to line the footway; with mimic urns, 
l>e, for the sUvmlard ends I We may well hope, how- 
lat the day for thia is past. One mode of obviating 
[jection to the upright bar is to have, instead of the 
all, some impressed pattern of genuine cast-iron design, 
in ii^elf will be more artistic and more ornamental. 
lat, however, lemember that the main, I may almost 
' aole reason, why a long straight bar instead of an 
,tiii putteni to a London area is, in many coDes, indiiitpen' 
mere matter of security. Anything wl lich would 
*othold« as all or nearly all cast perforated patterns 
Vould atford facilities for the ingress and egreaa of 
,om area railings are chiefly designed to keep etfectualty. 
t this seems no reason why the upright bar should be 
itnraon round or square section of wrought form, rather 
flattened, patterned, design ; nor why the lop 
should not be cast in ^ome such form as to 
lOe of its impreaament, instead of imitfiting that of a 
bmnch of trade. We must, in such cases, meet the case 
upon its merits, and we shall tind that so far from 
■afiering degradation by making use of available mean s^ 
iu reality exalted and ennobles); for then we shall 
ooDtend with those onlj who are afraid, (»r ashamed of 



THE MIDL.\ND RAILWAY COMPANITS METROPO- 
LITAN TEKMfNUS AND HOTFX. 

Title directors having ileclded to erect an extensive terminal 
station and hotel in the Euston-roa^l, which should combine all 
the advantage of experience tn armngement, and present au 
imposing fa9ade to the public, invitetl thirteen architects of 
ucknowledg^fd note and standing to submit designs iu limited 
compciitioti. After careful consideration of the merits of the 
several schemes, and of Messrs. llart and Ste[>hei)'§on*s report on 
the amount of accommodation provide^!, and the probable outlay, 
the directors proceeded to select four designs from the total 
number submitted for fitiai determination: Mr. Scott and Mr. 
8orby receiving each an equal number of votes. After further 
consideration the design «ubmitled by Mr, G. Gilbert Scott, R.A., 
which is of Gothio character (in fact the only one of that style in 
the collection) was selected for execution, and the three premiums 
seveiTiUy awarded to Messrs. G. Somers Clarke, £. M, Barry, 
aiid Thoe. C. Sorby, all oi London. The jirobable outlay will be 
about j£3t)0,tKK). Designs were also received from Messrs. Owen 
Jones, H. Darbishire, F. P. l*ockerell, of London: and from 
Messrs. Hine and Evans, of Nottingham, Walters of Birmingham 
Lock wood and Mawson of Bradford, and Lloyd of Bristol. 

In the selected design the hotel portico is in a line with the 
road footway, and leads into a vestibule with a lofty groined roof. 
The combined fa^cule of the hotel and station will comprise the 
hotel, a curved aide on the approach le^uling up to the station, 
and the front of the suition it^^elf, which I'eceJes considerably 
from the roadway. The total length of the frontage will be about 
5O0 feet, and the curved frontage of the hotel will give nearly 
HJi> feet more,— that is, about GCk:) feet in all. The front will he 
of brick, wiih stone dressings. The frontage will be 00 feet m 
height to the parapet, and about 120 feet to the ritlge of the root 
The chief features in the design are the clock-iower, at the 
KingVcroas end; the hotel principal fr^nt; and the two oriel 
bays on the station front, carried the whole height of the wall. 
The clock-tow^er, 3D feet on the side, Is tiuished with octa- 
gonal turrets, and surmounted by a spire, the totid height of 
which is about 250 feet. The hotel frrint has also a tower on the 
out«r corner, about 1)0 feet high, and has a high truncated roof 
with an ornamental cresting. The approach to the station IH by 
an incline from the 8ide of the hotel entrance, along the concave 
aide and the straight frontage of the buihling» There will be 
two carriage-ways for entrance and exit, which pierce the front 
by wiile and lofty pointed arches, the height of two stories of the 
building, the carriage -en trances flanked by narrower and lower 
arches on each side for fool-pasj^engers. The hotel will contain a 
coHee-rooro, about 1 10 feet long by .H3 feet wide, on the gr»«und- 
door, with its fnnt to the sUtiou entrances. The t^nds of the 
room will be semicircular, and the one side convex; the other, 
parallel to it, concave in surtace. The roof of the station ia 
designed by Mr. W. H. Barlow, and will fiave the large span of 
240 feet clear. 



ON TIMBER AND DEALS.* 
By T. A. BRiTTOJi, M.B.I.B.A. 

As it is of the highest importance that those interested in 
building should be familiar with the uatui-e and properties of the 
materials useJ therein, and with none more essentially than 
those upon which the carpenter and joiner have to operate, I 
will endeavour in the following paper to bring a few data 
together, which may be of use to the architectural student, con- 
cerning timber and deals. 

The soil in which timber trees grow, has much to do with 
their quality, different aoilaprfHlucingditierent etfectsnpon the lim- 
ber; the climate likewise in some degree determines their strength 
and fitness, inasmuch as the moisture or sappineFtawiU be retained 
or pushed out, according as the tree is situated in a warm or eold 
climate. The position of a tree with regard to the compass will 
!;lightly alter the character of the wood; for instance, that part of 
a tree fronting the north is always found to be red, and to 
produce the hardest and most durable timbers, as all the moisture 
is preaaed out, and the wood made more compact, the concentric 
rings are closer together; whilst that facing the south is found 
to be white, soft, and f^appy, and the conoentrio rings further 

* I'ttper r«aa M tlm ArcldtccturU AnwrislWiil. 
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apart. It will thus be seen that the heart of a tree is rarely in 
the ceutro. Where trees grow iu forests, and are closely studded, 
aud where they grow alone, and are exposed to the weather, the 
wood is different in the diifereiit positions. There are forests 
wherein the trees stand so closely together, that the rays of 
the sun cannot penetnite, aud are situated in a good soil; 
the wood obtained from thence is always of a very tender 
nature, by reason of the continual shade, which makes it so, 
and is only proper for joinery. But where the trees grow 
alone, or in hedges, and are fully exposed to the sun, the wooil 
will be hard, and tit for carpentry. The tree that grows in low 
situations, and gi'ows rapidly, is never found to be so strong or 
80 durable, as those growing in exposed situations and drier soils. 
All the oak iu the north is much stronger than that of the 
midland counties, and is closer in grain than the oak in the 
south. The tree is hardest and most durable when the growth' is 
gradual, and it is taken from the coldest places. The wood is ge- 
nerally bad when taken from a clay soil, as it h;is too much mois- 
ture; it is also bad when taken from the rich black loamy soil, fi»r 
although the tree gr«jws fast, stniight, and large, the wood is too 
sappy, the soil being too ricli for it. Generally 8j>eaking, the 
woo<i which is the loTige^i>t growing is the hardest, strongest, and 
most durable. The driest wocxia iio not last long, they easily 
rot. Those woods which are moderately dried are the best, 
there is more stitfness. Mo<lerately dried wood is better than 
green for carpentry. It is a curious fact, that there is not 
much sap in those trees whose wootl is naturally soft, as 
the lime, birch, and eKler. As the moisture in timber causes it 
to sag when used as a beam, merely by its own weight, it is 
necessary, when using Ions; beams in construction, to slightly 
camber them. The cambering must, of course, be obtained 
during the operation of trussing, and not by cutting. 

The age of a tree is calculated by the number of concentric 
rings or layers, which appear by its cross section. If there be 
twenty rings, then the tree is twenty yeiirs old, if fifty, fifty, and 
80 on, one ring being added every year; therefore, what is albumen 
or sap one year, is proper wood the next, the new layers as they 
come being converted into wood. There are some trees in the 
north of Euro|>e of eighteen or twenty inches iu diameter (which 
produce timber twelve or thirteen inches square), where one can 
count nejirly three hundred rings; and there are likewise some 
trees of twelve inches diameter, which are used for cutting into 
deals, where nearly one hundred rings can be counted. It is 
worthy of observation, that the character of the rings vary in 
different kinds of trees. In .some, as in the oak and elm, they 
are very distinct, in others, the distinction between the rings is 
so small, as scarcely co be recognised, the texture of the wood 
being nearly uniform, as in the mahogany and beech; whilst in 
another class the rings are very distinct, and their pores are 
filled with resinous matter, as iu the fir aud pine. In the vegeti- 
tion of a tree, next the leaves, the bark is the most important 
part; the branches may be cut off, the leaves may be destroyed, 
and the tree may even be cut horizontally, and yet it will exist, 
but if the bark be taken off it cannot survive. 

As forest trees, when growing, are termed " timber trees," 
in distinction to fruit trees, so, when they are cut down, they 
are called "timber." Timber includes all kinds of felled and 
seasoned woods, or those kinds of trees which, being cut 
down and seasoned, are requireil in the several parts of a 
building by the cirpenter and joiner. With respect to the 
qualities of timber, they may be termed hardness, density, 
weight, and strength. Wliile the tree is growing, the exterior 
))art8 are probably weaker than the interior, but when it has 
att-iincil full maturity, and approaches towards decay, the 
circumstinces may be revtMsed, the exterior part« becoming 
harder and stronger, while the interior are beginning to expe- 
rience dissolution. The density of timber is in proportion to the 
time gn)wing. The weight of wood depends upon what part of 
the tree it has been taken from. When a strong piece of wood 
is required, the lower part of the tree should be chosen. The 
heaviest woods are general!}' the strongest, but this is more 
particularly the ca^e with regard to tliose parts that grow 
nearest the centre of the trunk, and nearest the root, provide<l 
they are so far removed fiom the latter as not to be very cross- 
grained. The strength of dilVereut parts of the siime timber, and 
of ditferent woods of the same kind, is very dilTercnt. The wood 
immediately surrounding the heart is weak, the heart is weaker 
than the exterior parts, and the wood next the bark is weaker 
ihoji the ^'-st : the greatest strength is generally to be found 



between the centre and the sap, and timber that is straight in 
the gr.iiu is the strongest; knots tend to weaken it. 

Timber may, I think, be called the raw material, and deals, 
the manufactured article. There are different sorts of timber, 
which are known by ditferent technical names; for instance, 
"large" timber means timber about eighteen inches square; fir 
timber is called "free stuff," as it may be worked freely with the 
plane without tearing; "baulk," "bulk," "log," or "whole" timber, 
consists of the largest square pieces that can be cut from the 
trunks of trees, being from nine to sixteen inches square, bat 
generally thirteen itiches square, and sometimes extending sixty 
feet or more in length. " Baulks,'* or "logs," are by the work- 
men <lenon)inated timber, in contnidistinction to the wood that 
is used in the shape of deals. " Half timber" is six-aud-a-half 
inches square; " brack timl>er," is the cheaper sort, which has 
the defect of being very full of large knots, remlering it unfit to 
be cut into small scantlings. A " .stick" of timber, is any piece 
of timl)er of moderate size anrl scantling; and the wa.ste in 
cutting timber is commonly called the offal, a great deal of which 
is exporteii from France and Holland. 

The Baltic timber is generally cut "die square," (or, what the 
Americans called, " maud edge,") end to end; but the Canadian 
timber generally is not cut die square, because they could only 
bring very short timber. The inferiority arises in the nature oif 
the tree, which grows ta|)ering. Die square means, that the 
sap-wood is squareci off, leaving timber to the heart of the tree. 

It is very ditticult, in fact, almost impossible, to discover 
whether a piece of timber is sound or not, unless it be sawn into 
scantlings; you cannot perceive frr)m the exterior, its interior 
faults; you may, perhaps, see certain splits or shakes, which 
might be thought to indicate unsoundness; but if the timber is 
used as a beam, and the s])tits are of slight extent, they are not 
of great importance, owing to the large scantling of the timber. 
Where these fissures exist, the timber is used for beams, rafters, 
or quartering, but not for thin hoards. 

Timber in the log, owing to its becoming rent by the weather, 
deteriorates in value by keeping, more and more every year. 
The sap, or external wood, acts as a sort of hoop to the heart of 
the log, which, for some space of time, binds and keeps it tight, 
and hinders it from splitting until the time at which it can be 
sawn; and from the moment the saw has divided it into thinner 
pieces, the tendency to split is over. It frequently happens that 
a piece of timl>er that looks perfectly solid on the outside is 
found deficie!it at the heart when sawn. Timber columns and 
posts, to prevent their splitting, should be bore<l down the 
middle; and girdei*s should be trussed directly after they are 
sawn, as the shrinkage and drying tightens the trusses. If 
square timber lies in the water two or three years, it rends at 
the heart. It would not, perhaps, the first year, but the exterior 
part would soon rend by exposure to the weather. Timber does 
not benefit by keeping, on the coutniry, it sells for 16 per cent. 
less the second year tdan the first; and so for less and less the 
longer it is kept, unless thoroughly seasoned. 

All those who convert timber into deals, &c, will know that a 
great quantity of the converted article is useless, or greatly 
faulty, on account of the inward decay of the wood from rotten 
knots, or tlie cross running of the shake. The more free timber 
is from knots, the moie liable it is to be shaken at the core. 
Knotty timber is less liable to these defects at the heart, because 
it is said, that the knots serve for bolts throughout the timber, 
to keep all the parts together. The wood which is just under 
the sap is more free of knots than that which is nearest the 
centre. It ia impossible to find out the quantity of knots in the 
centre of the wood till it is op<^ncd, but we know very well that 
on the surface there is the freedom from knot, in consequence of 
the tree not having shot out the knot or branch to the surface. 
The knot is the remnant of a branch. When the dead branches 
fall ofi', or are broken otF, thewood grows over the extremity of 
the bn>keu branch, and remains clear of knot. When you recede 
to a certain distance from the centre of the tree, you find the wood 
mo8t clear from knot, either in size, or altogether. American 
fir is of a soft nature, and very free from knots. That which 
is free from large, loose, or dead knots, is the best 

Timber, in order to he of use to the joiner, is cut into different 
thickne^>3es, and is known by the name of fir or deal; the 
American fir is known by the name of pine timber, and, as deals 
are the form in which it is most conveniently im|)orted (both 
fi*om America and the Baltic), the word fir or deal bis become 
the common name for all sorts of pine timber. The conversion 



€>r timber ioto fletth takes place abrondi it would Qot come in a 
fit stale for aawiog. It ia there cut into the proper thickuesaea 
hy luJK^hinery, and i« afterwards cat down in this country id to 
bonnid of various thick {je8ft«», to suit the purpo»es required. If 
ih« timber was im{>orted, iay from the Baltic, in loga, and 
nianti factored into deals here» it would deteriorate the quality of 
the deals. A deal sawn on the spot is certainly better than one 
sawn here, because there is a considerable outaide shakiness, 
which takea place from the log being exposed to the air. They 
itre in the habit of pickiug out the best timber, to be converted 
iDio deala. That which is to be sawUi is purchased abroad in 
the round state; if square timber ia used for that purpose, it will 
be split and injured in being floated down the rivers^ and con- 
sequently nnSt for catting into deals. If the deal is not cut 
from the round log, and also aa quickly aa it can be from the 
time of felting, the grain will open, and the wood will be shaky, 
and when cut into thinner boards it will be fit for nothing. If 
the round lag» were brought soon after felling, and sawn quickly 
alter arriral, this evil might not occur; but tne freight would be 
nea^rly tloubled, if not quite, and we should be paying this large 
freigfit upon sap, wastage, and defective parts; that is, upon the 
parta which prove to be defective after the log is divided, and 
which, when the wood is converted abroad, are not shipped, but 
kept back. 

As the lengths of apartments are different, so great variety of 
lengths are required to w^ork in advantageously, European deals, 
which are imported from ten to twenty- two feet in length, and 
from eight to ten inches in breadth, and American deals are from 
ten to thirteen feet in length, and from nine to eleven inches in 
brtmdth. Deals coming from St. John's, New Brunswick, are 
from twenty-two to tweoty-four feet in length. Besides the deals 
exported to England and France, there is a third kind, too bad to 
be used for building purposes; these deals are cut up into fire* 
wood, which is exported in considerable quantities to the London 
market; the firewood is cut from the bad deals, which arise from 
the timber being rendered uaeless from rotton knots, or spliitiug 
mt tVie heart. These deals are likewise exported in another 
form, viz,, deal ends, which average six feet in length, though 
iometimea much shorter, and are about tive-and-a-half inches 
wide, by two-and-a-half inches badly sauared. Thay manage to 
get these deal ends out of the bad deals, by cutting off the 
defective knots* and other excrescences, Lathwooti and deal 
eDds, form the prituipal part of the broken stowage now with 
the Baltic 

As there are different aorta of timber, so there are different 
0orlB of deals, which are known by various names, »* Rack'* 
deakU are often of the same quality as the maiu timber, but by 
being cut sappy and slabby, they are not greatly imported. 
" Slab'* deals, are deals cut from the outside of any piece of 
timber, and are frequently of very unequal thickness. "Hand- 
anwn*' deals* are those deals which are sawn in England by 
builders, as they are required for use, and are termed hand-sawu 
in <x>utradistinction to those sawn by machinery. "Spruce" 
deals, are tbin deals, cut from the white fir tree of Norway; they 
itre devoid of turpentine, and are sometimes used by builders, 
•* Deck*' deals, are used by ship builders for the decks of ships, 
and are of very great length. Deals are divided into two classes, 
which are known by their respective colours, viz., yellow and 
white deals. Yellow deals are generally of a bright yellow 
colour, and have not lost ther resin. In selecting them, the 
brightest should be chosen, and where the strong red grain 
apparently rises to the surface, Tbe yellow deals are the 
•trougeet, and therefore the most suitable for external work; 
tbey are likewise the dearest. Fir that is deprived of its resin 
U termed white deal : it is very clean, and is much used for 
iotcrnal work, but it will not stand the weather. Deala, and 
likewiete timber, are generally named from the ports at which 
tUey are shipped, as Higa^ Memel, or Dantzic timber, Christiana 
and Dram white deals, Stockholm and Gefle yellow deals, &c. 

Although 1 have generalised all kinds of timber, cut into 
different thicknesses, by conatderiug them under the head ** deal" ; 
Btill, deal, more strictly speaking, applies only to timber of a 
cerT 'fi. Deals are usually cut of three different widths, 

etc! Ii has its appropriate name. Those from eleven to 

tweivc H.uuL-3 wide, are c.dled plank; those from eight-anda-half 
to ten are called deal; they consist, as has been said, of various 
length*, and are most commonly three inches thick, and seldom 
exc^^editig nine inches wide. All below these dimension.% and 
from two to seven inches wide, and generally from f inch to 2 inches 



thick, are termed battens. They are very often cut from dealsi 
and are 4j inches wide, one deal making two battens. Battens 
are frequently used in choice floors, because they contain less 
sap wood than half deals. Those employed in laying floors may be 
classed as follows : — first, or the best, which are selected with 
the gi-eateat care, and are wholly free from knots, shakes, sap- 
woud, or cross-grained stuff, and well seasoned; the second is free 
from shakes and sapwood, and large knots, but small sound ones 
are allowed; and the third comprises all that remains after the 
former have been picked out among the whole lot The word 
*' plank"^ is sometimes used in a wider sense than that given 
above; it is made a kind of general name for all timber excepting 
fir, which is from 1^ inch to 4 inches in thickness. The word 
** board" is the name given to flat pieces of timber generally, but 
Applying more particularly to pieces of stuff exceeding 4^ inches 
in breadth, and under 2 J inches in thickness. " Feather edge'' 
boards, are those boards which are much thicker on one e<lge 
than the other, ** Stuff *^ is a genereil name applied to all woods 
in joinery. Deals ara cut into various thicknesses, called boanls, 
or leaves: so that a deal will always have one cut less than there 
are boards. If a three-inch deal ia cat into a 2h ioch and ^ inch 
board, two boards will be obtained by one cut of the saw. There 
are different modes of cutting down deal; they are nanjed 
according to the number of their subdivisions, as, " thin?e-cut 
stutf," *' five-cut Btuil"/' &c. A whole deal is not three inches 
thick, as one would suppose, but only I J inch. It seems rather 
absurd that such should be the case, but perhaps it may be 
accounted for as follows : — deals, especially American, are 
exported in great numbers of the thickness of 2j inches; when 
they arrive they are sawn into two 1| inch deals, which is the 
thickness generally required for floor boards, and as an enormous 
number of Ij inch boanls are thus used in buildings, it is 
probable that by lapse of time 1 J inch deals have been by work- 
men taken to mean whole deaU. **Slit" deals are generallj 
f inch thick, being obtained by sawing down a ij inch deal. 
All thinner boards are termed "veneers.** "Tongue** stuff is 
thin stuff used by joiners for touguiug. What is termed bv 
carpenters, an **offcut," ia obtained by converting a .'i-iuch 
deal into Jj inch flooring boards; by that means you obtain a 
board half an inch thick, which is rather difficult to make use of. 

Having, I believe, named all the varieties of deal s^ I shall now 
briefly consider their defects. 

As a geoend observation, it may be stated that woods do not 
alter in any material degree in respect to length. They, how- 
ever, contract in width, warp, and twist, and when fitted aa 
panels into loose grooves, they shrink away from the edge which 
ia most slightly held, but when held by nails, or other attach* 
ments which do not allow them the power of contraction, they 
will split with extraordinary force. It is said by some authors 
that the softest woodss shrink moat in width, but it is very 
diflicult to obtain any correct information on this subject. In 
woods that have been partially dried, some of these defects are 
lessened where they are defended by paint and varnish, but they 
do not then cease; and with dry wood, every time a new surf/ice 
is exposed to the air, even should the work have been marie for 
many years, these perplexing alterations will, in a degree, 
reoommence, even independently of the changes of the atmosphere, 
the fluctuation of which, the woods are at all times too freely dis- 
posed to obey. The atmosphere has an effect on most woods; and 
some deals, particularly tbe stringy deals, are very liable to he 
a fleeted by the moisture of the atmosphere, and never lose the 
property, however long they have been seasoned, of expanding 
and cx>ntracting with change of weather. When a log of green 
wood is exposed to a dry atmosphere, the outer fibres contract 
both at tbe sides and ends, whereas those within are, in a mea- 
sure, shielded from its immediate effects, and retain nearly their 
original dimenaiona. Those deals out near the centre of the 
tree are very liable to split, yet they are not so bad as those cut 
near the outside. All deals are slightly split up at the ends, and 
in twelve feet deals, you can rarely calculate upon more than 
eleven feet eight inches in actual wood, for they will split up at 
each end. Splitting is an important thing to be considered in all 
wtjods which are cut down into boards : although small splits are 
not of 80 much importance in beams and sticks of timoer, yet 
w*hen cut down into thin boards, perhaps half an inch thick, splits 
and other defects would be total destruction. Sap should be care- 
fully excluded in all deals : we often meet with deals winch are 
very good at one end and defective at the other. The French are 
not BO particular about sap as the English; if tbe deal has tha 
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required quality of good wood on one side, tliey do not care 
ranch about the other side. Their deals are not so good as ours 
in that respect. The common calculation is, with regard to sap, 
that in a plank twelve inches wide there shall be nine inches 
free of sap on both sides. The deals cut next to tlie sap are the 
best, between the centre and the sap. The centre deals are 
clearer of sap than the outside deals. White deals are similar 
to yellow, except that the sap in white deals is not discernible 
from the heart. In yellow deals, the sap, or albumen of the tree, 
ought to show itself only at the edge of that part of the deal 
which was furthest from the centre of the tree. After the 
aapwood has been i-emoved from the edges of the board, (or after 
the edges have been what is technically termed "shot," that is, 
planed, though they may be shot without removing the sap,) 
tbey are called " listed" boards. When the sides are planed, 
they are described as " wrought." Deals are apt to rend from 
unequal or too rapid drying, which produces certain fissures or 
cracks, called *' shakes," and deals thus affected, are termed 
" shaky." Outside deals are very subject to shakes. A knot is 
frequently very injurious to deals. The bark of a tree sometimes 
adheres to knots, which consequently have a black ring round 
them : when the deal comes to be cut into boards, a knot of this 
kind is apt to fall out. " C-ast," or " warped," is an etl'ect 
produced upon a piece of timber by heat, moisture, or otherwise, 
the fibres becoming bent, or twisted from their oritjiual direction. 
To prevent warping as much as possible, they are Hated. 

Such being the defects of deals, it behoves us to consider what 
are their merits, or what they ought to be. The first thing to 
be considered is the quality of the wood. Many deals are of good 
quality, and are therefore fit for rough out-of-door purposes, ami 
coarse iloors or carpentry, but are wholly unfitted for joiner's 
work, for when the saw has passed through them they warp, 
and will twist like a piece of whalebone. Such deals are termed 
" strong" deals, and possess thebad property of rending themselves 
to pieces as they dry, and become shaky. Deals that when sawn 
do not form sawdust, but are torn into long strings or fibres, and 
on that account are called " string^' deals, are in general of this 
strong nature. Such deals are less uniform in their texture, and 
vary moi-e in the hardness of their fibres than those deals which 
are fit for the joiner. The deal, to be good, should be mellow, 
that is, soft and light, should yield easily to the knife or chisel, 
should be straight in the grain, without coarse knots (which 
weaken the deal), and the more nearly it is perfectly clean the 
better. Such deals are characterised by their light weight, in 
comparison with the strong fibrous deals; and when planed they 
exhibit a silky texture. If the deal is cross-grained, it generally 
becomes shaken diagonally under drying, and falls to pieces under 
the saw: or if cross-grained in a less degree, it does not yiehl a 
smooth surface to the plane, but remains rough and fuzzy. 
Although from description it may seem extremely easy to tell 
the difference between a good and bad deal, yet it requires some 
time before one can do so correctly, as they ai-e sometimes very 
deceiving. 

The next consideration is the mode of rendering the timber fit 
for use, and the time which can be atlbrded for that purpose. 
There are natural and artificial means of seasoning, both of 
which have their recommendations: it is thiniyht, however, by 
some, that the former has the right of preference, as it gives 
greater toughness, elasticity, and durability, and th«;rerore should 
always be employed in prefKiring timber for practical ])urposes. 
The major part of our best timber is imported from the north of 
Europe, and is immersed in docks, where it lius fioatiug till sold 
for immediate use; the consequence of this is, thai the timbi^r 
(though it may previously be ])roperly seasoned) becomes swelled 
too much, beyond its former and ultimate bulk, is hastily framed 
together while the very water is running from it, and very soon 
aft«r it is so converted it shrinks to such a degree, that every tenon 
becomes loose, every joint strains falsely from the skrinkage, and 
eveiy ceiling and quartered partition cracks by the opening, 
diminishing, and distortion of the wooils. The effect of this 
))ernicious system may be seen in almost every house in the 
Metropolis, showing itself in rents, which are caused to the 
timbers by the irregular strain in shrinkage. Some persons 
state that the immersion of timber in water is the best method 
of seasoning it, and I was a few days since in conversation with 
a I^ndon timi)er merchant, who told me, that the way he 
seasoned his timber was U) immerse it in water for a couple of 
months^ and then stand it end-ways, out of the rays of the sun, 
^/// ifptfii to the wiudaud rain. He considered that a windy, 



showery day, such as we have had lately, was the best possible 
weather for seasoning timber. Timber for ordinary pur|x>se8, 
should be shrunken to its smallest limits before it is worked up: 
the least possible change shouhl occur in the timl>?r after the 
work is framed and adapte<l; for all the oblique joints, by shrink- 
age, become imperfect, each bearing timber then hangs stndning 
upon a single point, instead of upon a flat direct abutment ; 
thence many of the struts and other bearing limbers rend, by the 
weight hanging merely upon their angles. Our specifications are 
very strict in the requirement of the perfection and proper 
seasoning of timber; but these precautions are almost useless, as the 
builder can havdiy procure at any price timber which is not in 
a dropsical condition; and twelve months, in general, sufiices to 
diminish in bulk or split our car[)entry, whether it is framed for 
the palace or the cotUige, the public or the individual. This 
may appear rather a sweeping statement, but I think many will 
bear me out in the truth of it. Two instances have occurred to 
me of this fact, within the last few weeks — one in the shrinkage 
of a large lie-beam, and the other in the shrinkage of some oak 
wainscoting. The tie-beam belonged to one of the principals of 
a large buildiiii; recently erected, the upper floor of which was 
not ceiled : within one week, and almost l)efoi*e the premises 
were finished, the upper floor was occupied by a small army of 
those " who work at the sewing machine." The heat of the 
rooms began to have a.u effect upon the beams, and this one in 
particular, and large shakes and splits opened, and the timber 
had to be restored, or rather replaced with new. This was, no 
doubt, owing to the unseasoned wood, which had probably been^ 
within a week or two of l)eing use<l, lying in a wet dock at some 
of our timber yards. The other instance is with respect to some 
oak framing to a large public room, erected within the last five 
years in London. The architect was very particular in having, 
what he considered to be, a good piece of workmanship, and gowi 
materials, forming the front of two galleries; the work waa 
scpiared framed, and when finished, appeared certainly a credit- 
able production; but soon after it became subject to the latent 
heat of a meeting room, the joints opened, and the work has 
since been patched up with slips of oak inserted in the opening 
some of which had opened nearly -j^ inch; all this undoubtedly 
arose from the unseasoned state of the wood. 

After timber is felled and sawn, it should be laid along, oce 
piece upon another, only kept apart by short blocks, interposed 
to prevent a certain mouhliness, which they are apt to contract 
by sweating one upon another, which frequently produces a 
fungus, especially if there be any sappy parts reniainitg. By 
this nieaus, the rain and the excessive heat of the sun acting 
upon the timber, it will dry without shakes or fisKures. The 
best way to dry deals Is to place them in she<ls, due east and 
west, in Bristol piles. The timber shouhl continue in this 
situation for two years if intended for carpentry, an<l three yeara 
if for j'»iuery; the loss of weight which should render it fit for 
the purp(»ses of the former being about one-fifth, and for the 
latter about one-third. Messrs. Broadwood, and other large 
)jianoforie makers, have their deals and mahogany piled for 
years before they are used. If timber is to be used round, the 
core should be bored out, as by this means splitting is pre- 
vented. 1 f it is to be squared into logs, it should be done soon after 
some slow drying, and whole squared, if large enough, as that 
i-emoves much of the sa])wood, facilitates the dryiug, and prevents 
the splitting which is apt t^) take place when it is in the round form, 
in consequence of the sap-wood drying before the heart, from being 
less dense; also, if it may be quartered, it is well to treat it so 
after some lime, as the seasoning is by that means rendered 
more etpial. It is well, also, to turn it now and then, as the 
evaporatiim is greatest from the upper side. To prevent timber 
war])ing, it should be well seasoned before it is cut into scant- 
lings; and the scxintlings should be cut some time before they 
are to be used, and if they can be set upright, so much the 
better (iu order that the seasoning may be as ])erfect as |x>8sible), 
as they then will dry more ra]>idly, and, as I have stated, the 
U|)i)er side dries sooner than the lower, they ought therefore to 
be reversed at intervals. Scientifically considered, the drying is 
only said to be com])lete when the wood ceases to lose weight 
from evaporation; this only occurs after twice or thrice the 

{)eriod usually allowed for the process of seasoning. Some, 
lowever, pi-efer to keep the timber as moist as they can, by 
immersing it in water, to prevent its warping or cleaving. 
Evelyn, in his ' Sylva,' particularly recommends this way of 
seasoning for fir. In this case, when the boards have lain a 
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fortnight uiiileir WAi«»r, ihf^y hsiYB them set upright in an airy 



pi&ce 



he heat of summer, and turnpd every day; hy thU 

iwu bonnU (it la saitl, by those who are advocatt^s 

-< • .,,.. .^ aysteta) will tluor luuch ^►e tier than those which 

: many yt?ar8* dry sensouing. To prevent all possible 

*"h€a flo<«r%;ire Jniil, let the edgea \m shot, aud brought 

t <>f nearly ao^ lay them down the first year, and fiually 

1 , i\i the next; they will then remiitu without shrinking, 

pn^riiltid they be kept dry. The deals imported from abroad* 

hitre a y**ftr^s more seasoDing thnu if they were imported in the 

lo^, Bud cut up iu this cotintry; still, it would be a great advau- 

ta^^e ity have some of them ihiutier, and bo would be sooner 

s uni fit for U3e. The deals are cut three inches thick; 

1 >te, they are kept some time to season, and after they 

sre cut tike inaide of the board is not so well seasoned as the 

oatsido, conee-juently it must undergo a second season ing» and 

' ' fhorelorel)e a great c«^nvenieuce to have deals of various 

"„ At the end of eighteen months from the time of 

iui>T"( I xri*<ti they are scarcely tlry enough for the conaumer^s use. 

For the purposes of joinery, steaming und boiling are very good 

ni..(h.„L af seasoning, as the h>88 of elasticity and strength 

V f>ri>duce, and which are so essential in carpentry, is 

;.»d by the tendency to s^hrinkage being reduced; the 

also is rather improved than otherwise, at least from 

It has been ascertained that, of woods seasoned by 

-ods, those dry soonest which have been steamed; but 

4 iu either ca«e should he somewhat gradual, and four 

hodrd are sufficient for the boiling or steaming process. Stove 

drying, for joi Heir's work, is also practised by m.'Uiy builders. 

The mere seasoning of woo<l, though it will not altogether 
prevent its decaying, nevertheless, considerably diminishes its 
teodcncy to do so, and is of the very utmost importance in njaoy 
cases. The ralue of any process for seasoning wood depends, of 
oottred, io some extent, on the time required tbr its completion, 
DuviAou and Symington's method for speedily and effectually 
•eauoning wood, by exposing it to the indueuce of a rapid and 
ooQttunous current of heated air, so that it soon becomes tho- 
roughlv Arv nnpears to be satisfactorily proved. Langton^s method 
of »f by extraction of the aap, is another way that is 

o.niHi 1 1 worthy of notice. It consists iu lettiug timber 

al iron cylinders at top, and the water being heated, 
in used to produce a partial vacuufo, the sap, relieved 
iiLiu ibtf atmospheric pressure, oozes from the wooil, and being 
<N»(trt;rted into vapour passes through a pipe provided for that 
|jurp<>t«4\ 

Smnke drying in an open chimney, or the burning of furze, 

or straw, under the wood, gives it hardness and 

, aud by rendering better, dustroy^ asid prevents 

' ' ' ' the germ of any fungus which may have 

i seems to have been aware of its ulility, 

^u>iu iiL! wiuvi- tin ir.i-- i^e which is tlius translated by Dryden: 

"Of Ix-t^clj, iUv ;il«t»eh-Uil, ftJiil th&beiidliig yoka," 
" Or Hiftii lliiflmit lxn.rilciicd, by tbo amokft." 

Beckman, in his ^History of Inventions,' quotes a passsagein Heaiod 
io the same eff/ct, and adds, " as the htiuses of the ancients were 
su smoky, it may be easily comprehended how, by means of 
Amakf^, they could dry and harden pieces of tiuiber." In this 
itiiijuer were prepared the pieces of wood destined for ploughs, 
^v ; .:ijou% and the rudders of vessels. Virgil also says in another 
place : 

**Thf!<o )«Misf tQiipvnd when «iDokft tli^lr wtreofftti axplonft," 

*' Aod MsAMms Uita lue, &ud Itlndi tbclr porei/' 

When timber or boards have been well seiiioned, or dried in 

^tnt^ or air, and prepared for fixing, care should be taken to 

id or preserve them, which may be done with anu-aring 

r with linseed oil or lar, or the like matleiis, which 

4 much to their preservation and duration. Tf*e 

' the Hollanders deserves our notice in this respect; 

eserve their gates, drawbridges, sluices, &c», coat them 

., . .^ .,j;xture of pitch and tar, whereon they strew small pieces 

1 rocklt* and other shells, beaten almost to powder, and mixed 

wi; f» ocH i«ind, which incruj^t, and arm the timbers wonderfully 

agjinist- jwHS-iidts of wind and weather. Some, /igain, advise to 

1km V iIm [Jlccs of timber iu the earth, whilst othei^ are 

id seasoning them in tire, especially piles, posts, <Stc., 

id cither in the water or in the earth. Sir Hugh 

it the Venetians burnt and scorched their 

.1^' fire, continually turning it round with an 

tfugiiik'f till it had got a hard black crusty coat upon it; the wood 



being brought by that means to such a hardness and drynessi 
that neither earth uor water could penetrate it. Scorching and 
drying are undoubtedly good for preventing and <ieHtroyiug 
infection, but have to be done slowly, and only to timber that is 
ah-eady seasoned; otherwise, by encrusting the surface, the 
evaporation of any internal moisture is intercepted, and decay iu 
the heart moou ensues; if done hastily, cracks are also caused ou 
the aurfuce, and which, receiving from the wood a moisture, for 
which there is not a sufficient means of evaporation, renders it 
soon liable to decay, 

When limber is cut before the sap is perfectly at rest, it is 
bad, by reason of Uie worm which will certainly breed iu the 
timber. Besides the common worm, to which timber in its dry 
condition is liable, there are ft variety of a more formidable 
character, which commit their ravages on the timbering of sea 
works; of these, the most common are the pipe worm or teredo, 
a species of phohis, the cossi, and another mentioned by Smeaton, 
which iH almost invisible. For the preservation of timber from 
the teredo, aud other sea woruia, various methods have been 
devised. Stockholm tar has been used, but it is of little service, 
owing to \m being manufactured from vegetable aul>stancea, and 
if exposed to the sea the salt acid of the water will eat it av%*ay 
iu a very few weeks. Common gas or coal tar has likewise 
been tried with similar effect; and Kyan'a patent corrosive 
sublimate, or the bichloride of mercury, has been used, but has 
proved equdly useless. Some persons advise that the oil of tar, and 
pyroligniie of iron, be used; the p»yrolignite of iron must be of 
very pure quality, and the timber must be dry; afterwards the 
oil of tar should he applied, and not on any account should it 
contain a particle of ammonia. Mn Pritchard, of Shorehrim, has 
tri€'d this process in hydraulic works, with great success, and 
stales that in timber piling it destroys sea worms, and super- 
&edeA the necessity of coating tlie piles with iron nails. It is 
exceedingly difficult to prescribe for the preservation of timber 
from the teredo; but one thing may be stated as certain, that at 
present pryroliguite of iron has superseiied all the p.ateuts. 

Besides worms, timber is exposed, chiefly in the Indies, to moiit 
dreadful havoc from some species of the aut tribe; from the 
destructive jaws of the termite or white ant there is nothing 
secure, unless it be stone or metal; roofs, floors, and other parts 
of buildings that are constructed of wood are infested by ihem, 
and will present wkien painted a solid ap|>earance, while they are 
completely hollowed; furniture and wooden utensils alike undergo 
their devouring ravages. The red ant of Batavla is another little 
devaalaior, To destroy ants in wood, kyanize the wood, c<irro- 
aive sublimate being an ctfectual poison to them. Arsenic is a 
good destructive, and charcoal is said to prevent their depreda^ 
tiona, though I do not know how it is applied. 

But what else have we to battle ugainst, which is worst* than 
the teredo, or the entire ant tribe? Dry rot, which is to timber 
what consumption is to the human frame: once let it seize hold of 
a log, and you may send it to Madeira without any efiect 

The dry rot may be divided into tliree classes; the first is 
generated in the earth, the second in the walls of buildings, and 
the thirtl i:* produced by ihe timber itself. Of the fungus 
causing the dry rot as genurated in the earth, little is neceasary 
to be said. It is a white and fibrous substance very commonly 
attached to the roots of trees, the banks of hedges being some^ 
times covered witfi it; this fungus when attached to timber pro- 
duces dry rot. Henc^ it apj>ears that we frequently build on 
spots of ground which conUin the fundamentnl principle of the 
disease, and thus we are sometimes foiled iu our endeavours to 
de*itroy the fungus by theadmii^aiou of air. In this caao, thtj disease 
may be encouraged by the application of air asa i-enn^iy. Where 
workmen are employed in bnllitinga which contsiin dry rot, and 
where iheyat^e working on ground which contains the 8ymptoms 
of this disease, they have been known to sulfer iu their health, 
and one of our first builders informed me some time since, that 
whilst erecting some houses at Hampstead his men were never 
well. He afterwjmls ascertained that the ground was aSected 
with dry rot, and that at present ueaily all the timbers were 
in a stale of premature decay. 

The fungus which issues from the brickwork of buildings has 
likewise the property of decomposing timber; it is fouud in the 
spaces between the bricks, SiC, Tfie causes of it may often he 
traced to the use of loamy earth and dung with sand for the 
composition of mortar for walls. This refuse bein^ mixed with 
a small proportion of lime, and deposited in a humid and warm 
aituatioQ, crefttes a fungus, which will vegetatei and assume ft fiat^ 
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eormgAted or spongy substance which issues from the iquice 
b«tweeo the bricks aud penetniteB into the ends of the breasum- 
mera, joists, &c. No tuortar should have s&Dd as a compound 
tinlesa the sawd be previously washed, to separate the loamy 
particJea, which sei^e as a hotbed for the vegetation of fungi. 

Of the fungus causiug the dry rot as produced in timber, 
various opinions have been heli Pap worth, in his treatise 
on Dry Rot, says as to its probable origin, ** that the germs may 
be conveyed into the earth by the rains, and thence absorbed 
with the sap into the bodies of trees and other vegetables; and 
when the patreseenoe atteudnnt on their decay has prepared a 
suitable fluid for the germination of the seeds, that they prcHJuce 
fuHgi," That these seeds are germinated by the sap \s conform- 
[able to the opinion of Fiiny, who says that fungi are produced 
by sap. 

Fungi are not in some cases the primary cause of the decay 
Df timber: they are not the disease, but the eifects of it; aud{thaa 
|a flmail portion of unseasoned timber, when placed in a building, 
' may generate the dry rot, and disseminate its bauttful effects 
throughout the edifice into which it may have been unwarily 
iDtroduced. Sometimes the dry rot is caused by n collection of 
putrescent matter adhering to the timber, caused by an adja- 
cent vegetable corruption and to a natural disposition in the 
^'Tiber to decay, assisted by the situation in which it baa been 
When the parts of an editice are so formed that tho 
uocessive admission of pure air cannot take place, the exhala- 
tions from corrupted matter in the earth will collect upon the 
'surface of the timber, affording a proper recipient for the seeds 
of fungi, which speedily become attJiched to and find nounsh- 
t_inent within ft. Many instances of the propagation of fungi 
afght be given, but as all are derived from the same cause, viz,, 
rcgetable corruption, it will bo unnecessary to dwell longer upon 
".hem. In a review, therefore, of the iWeguiug observations^ it 
rill appear that vegetable corruption is suitable to receive and 
jerminate the seeds of fungi, and that such fungi ai-e c^^pable of 
ibaorbing the medullar)' particles of the wood, thereby wholly 
OBQposing it; and that the timber itself, when confined or 
ilted in warm and moist situations before the motion of the 
irtides is suspended, necessarily undergoes the fermentation 
irUich is attendant upon vegetables, by which nature effects the 
purposes of reproduction, and is consequently decomposed, with 
similar appearances to that effected by the fungus. To descend 
from the theoretical to the practical part of the subject, there id 
one cause of the decay of wood which is very seldom noticed, but 
"irhich is at the same time a very important thin;,^; and that is. 
Tie use of jjaint in buildings. When wood is painted on every 
Ide, the moisture within it is completely sealed, and must 
ccome stagnant: decomposition and decay of the timber im- 
Qediately coiumences. It is clear that, except when thoroughly 
ree from moisture, or as it is cjilled seasoned, painting must be 
fia effectual a method as any for accelerating lis decay. If wood is 

Ciiuted oil one aide only, it will last as long again as if painted oo 
3th sides: experiment has proved this to be the fact. 
In regard to the dry rot in couuection with the different 
qualities and species of foreign timber, a few words may not he 
out of place. In considering the liability of any particular 
species to take the dry rot, consideration must be paid to the 
circumstances under whicli it is imported. Sometimes it ia a 
long time coming here, while at others it is imported in a very 
short period. The length of time has a great deal to do with its 
likelihood of taking the dry rot; it may have a very favourable 

EBage, or a very wet one, and the ship is very often in some 
n» affected with the rot. The rot perhaps begins in the ship, 
^ it may often be seen between the timber or deals, when it 
fwiJl impregnate the wood to a great extent. It is a difficult 
thing to say whether it is inherent in the timber or not, but of 
this we may be certain, that where there is a UtM atmosphere 
it id sure to grow. American timber is more subject to it than 
th« Baltic, though some think otherwise, fur Baltic timber some- 
times decays in four or five years. Turpentine is a preventive 
against dry rot, and American timber is largely impregmiterl, 
especially the redwood timber, but not the yellow wood — the 
yellow wood ia exposed very much to the dry rot/ Very few 
cargoes of timber in the log come from America in which in 
■ ome part of every log you will not see a beginning of the vege- 
ition of the dry rot. Sometimes it will show itself only in a 
Iw reddish, discoloured spots on the sui-face of the log, which, if 
f^jy»osm/cJj trUb^'otir nail, you will find that to the extent of each 
j^pag the iexttitB of the timber to a alight depth is destroyed; 



and will be reduced to powder — yoo will generally see also itt 
these spots a white fibre growing. If the timber has b««q 
shipped in a dry ooitditiou and the voyage has been a short ona 
there may be some logs without a spot, still, I should think tbert 
was Bcaroely a cargo that came from America in which you wiU 
find many fogs of timber that are not affected. But if the carg 
has been shipped in a wet condition, and the voyage has been a Ion 
one, then a white fibre will be seen growing over nearly every pi 
of the surface of each log, and in cargoes that have been 
shipped all the logs of yellow pine, red pine, and oak ai-e gea* 
rally more or less affected on the aurface. 

Every deal of yellow pine that has been shipped in Ametio 
in a wet state, when it arrives here, is alao |>artially covers 
over with a network of little white fibres, which are the dry rotl 
in its incipient state. Thei-e is no cargo even that is shipi^fd to 
t<:*lerably dry condition in which, upon its arriving here, you will 
not find some deals with the fungus beginning to vegegate on 
their surface. If they are deals that have been floated <luwn th< 
rivers in Amerirai, and shipped in a wet state, they arrive quit, 
covered with this network of the fungua, so that force is often 
ueoessary to separate one deal from another, so strongly doe 
the fungus occasion them to adhere. They grow together' again, 1 
as it were, after quitting the ship, while lying in the bargoa 
before being landed. Accordingly, if a cargo has arrived in ft 
wet condition, or late in the year, or if the rain falls on the deals 
before they are landed, and vou pile the way in which Norwaj;" 
and Swedish deals are piled, that is, flatways^ in six months' 
time, or even less, the whole pile of deals becomes deeply 
affected with the dry rot; so that, when the flat surface of oni 
deal is upon the flat surface of another, the rot penetrates to th« 
depth perhaps of oneeighth of an inch. You ari-est its progress bj 
repiliiig the de^ds during very dry weather, and by sweeping 
the surface of each deal l^fore it is repiled; but the beat way ii 
to pile the deals in the first instance upon their edges, by whicli 
means the air circulates round them, the growth of the fungus ial 
arrested and the necessity of repiliug them is prevented. & thi 
ship is built of goofl, sound, well-seasoned heart of oak, I <^ue 
lion if the dry rot would affect it; but in order to prevent ita ' 
doing 80 the precaution is usually taken, I believe, to scrape the 
surface as soon as the hold is clear of the cargo of timber. Wer« 
the cargo not cleared and the hold not ventilated, a ship that 
was i>€rm»nently exposed to this fungus wnnld no doubt be 
affected. It is very easy, however, to prevent its extendiogp 
by washing the hold with any disinfecting solution. There are 
two descriptions of European deals very liable to take the dry J 
rot, y\z. yellow Fetersburgh deals, and yelloifv and white battenij 
from Dram, in Norway. When Dram battens^ which have l>eeil| 
lying a long time in bond in this country, have not been repiledl 
in time, they have been found as much aflected by the dry rot aai 
many American deals, though this has not happenetl in so short 
a time a^ has been sufficient to rot American Heals. The faugnai 
growing on the Fetersburgh deals and Dram battens hm all th«l 
characteristica and effects of dry i-ot as exhibited in thfti 
American deals, the detection of dry rot being in most caaea tb^] 
same. I have not time to go into the different patent 
for the cure and prevention of dry rot, some are excelleot 
others good; many ineffectual, and many absurd; some othe 
evening, in some other aeaaioo, if you will hear me, I will go itkXi 
the whole subject 

Correetion of 5Xipt' Compastea at Sea.^M. Fave iti|jr|[»t8 to 
Academy of S<?iences at Paria, a method of d* ' \ time 1 

error of the compoBs aboard a ship. This i xsg to t 

abip^s log, which is suitably modified w to ind. .:.. . ...... .i eompa 

so arraogtd, that at any moment it mnky be at<Tipj>eti, and it« <lir«?clioul 
thus ivgiatered. The log ia towed in the wak« of the ihip. and at al 
sufficient distance to be out of reach of ita magnetic infiu«nce» »n«l wh«nT 
it hM taken the tnie direction of the ship, which, if of proj^er e;hap^ it I 
will mon do, the comptws is registered, hauled aboard, and reuid. The 
pmjwwition aaBumes importanoe, from the perpetual varintion of the 
magnetic consstants of iron veoaek and tea, and the resulting iiapoesibilitv 
oil perfect correction of compassea. In the courae of hie cominunicfitini. 
M. b^Aye records a curious experiment, which i» worthy of repetihou 
and study: — **Dii*8olve in an acid, iioft iroo devoid of any ma^ietm 
c(H°!rciiive force^ and then depoait it, by a gal vano- plastic proceii*, in a 
thin film upon tho aurfaco of a plate of copper, aa ia done in cnating 
c«:jppe'r plates with ir»3n, to give them greafcer endunwoe. This %^^^ 
eontiog of iron, chemically pure, but bard and brittLe^ will po«ae« m 
Etroog a coercitive power, that 1 have heated a plate thus prepwed to 
the melting point of cop[»er without destroying the magnetism whicli 
J had before given iL" 



THE CIVIL 

INSTITUTTON OF CIYIL ENGINEERS. 

Fntidenti Addrf^ts.* 
Oh auammg the diAir of this iDstitution as iU Presideut, and 
UbUt^rUkinjz fitr the first time ite duties and responsibilities, 
ihlK>w ine lo Hiisure you that I feel deeply the honour you have 
€30Dferrt?d upon nie by electing me to this, the highest position 
Ui which the civil engineer can aspire; and that 1 feel still more 
deeply the weight of the duties which are inseparable from this 
honour. I will also venture earnestly to request you to extend 
to lue your indulgence during my period of oftice, and afford me 
jour kind c^o-operatiou in any efforts I may make for the ad- 
vancemeut of our profession, or for increasing the usefulness of 
this Institution, I a8k this assibtance from you with pecuJiar 
anxiety, because I cannot but feel that the present is a period of 
wousaiU importance to this society, and that the rapidly increas- 
ing prominence of the profession demands at our hands a 
oorreaponding care for its efficiency and dignity. The high 
degree of material proaperiiy which this country and its 
dependencies have now happijy enjoyed for a considerable time, 
ha>i naturally led to great activity m our profeiisioD; and pro- 
bably at no former period have the skill and enterprise of 
engiD^rs been so severely taxed as during th? last few years; 
and aa civilisation continues to advance, and labour to require 
increased aaaistauce from mechanical contrivanoes, the connection 
of civil engineering with social progress will become more and 
more intimate. 

I bojMj 1 may be allowed to say, with a deep feeling of pro- 
fvwsional pride, that hitherto the inventive genins, the patient 
perseveranoe, and indomitable energy of the members of our 
nrofeasion have not been found unequal to the tasks they have 
Wu calle<l upon to perform; and although I have full confidence 
in the future, I venture to suggest that the present is a fitting 
moment for considering the means by which our younger 
brethren may be best prepared for the arduous duties, and 
growing difficulties, which they will undoubtedlv have to eu- 
COQDter in their professional career. It ib not mei^'lv that works 
Of magnitude and novelty are incrensing, and wiU'continoe to 
tncreHse, but it is becoming apparent that we shall have to meet 
tli« competition of foreign engineers in many fmrts of the world; 
and that great efforts are now being made, not only by careful 
icbolastic education, but by more attention to practice on works, 
to render the civil engineers of France, C^rmany, and Americn, 
formidable rivals to the engineers of this country. Here it has 
always been found that friendly and honourable rivalry among 
members of the profession haa been on the whole beneficial to 
science and to engineering progress^ and we cannot doubt that 
^« »™« J^snlt will follow the more extended rivalry which we 
eball have now to meet from the engineers of every nation. At 
the aame time this consideration renders it our especial duty to 
Wee care, that the distinguished and leading position which haa 
been so weH maintained by our great predecessors, shall not be 
lowered by those who oome after them, 

I'he whole field of discussion and description of the past has 
been m completely and so ably occupied by my predecessors in 
tilts chair, that I shall not attempt to travel over the same 
ground; but I propose to deal almf«t exclusively with the future, 
and endeavour, although I possess no jieculiar personal fitness 
fnr the task, to suggest some of the means by which the younger 
Ciembers and the rising generation may beat prepare themselves 
for the duties which that future will bring with it. 

1 may first briefly notice, and for the purpose of illustration 

and introduction, a few of the great engineering problems of 

reniurkHbl© boldness and novelty which are now prtsenting 

^ ' -» for the supply of the future wanU and convenience of 

amongst them may be enumerated the Suez Canal; 

I through, and the railway over, Mont Cenia; railway 

ver and under great rivers and estuaries; new ferry 

^^.'^Knni unusual mapitude; vast warehouses and river ap- 

proaehew for commeittial citiea like Liverpool; railways under, 

. ... ,.„,j through great citiea; long lines of land and ocean 

>; and comprehensive schemes of water supply, drain- 

ewerage. All these works present problems of great 

cad it will require cultivated intelligence, patient in- 

:i liud i^hliropH experience, to accomplish the ta/k of 
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ve must be content to wait a few years 
woi k^ so iar advanced as to enable us to judge of the 
f lAUgDml AddtcM dttU^ered ^ Mr. Fowler, Prwidciit. Jan », 1800. 



effecta of the physical and moral obstacles which to some ex- 
perieneed minds hfive appeared! all but insuperable. The Mont 
Urnis Tuniieh And the temporary' railway being constructed over 
Its summit, will continue to be watched with interest by all 
engineers, and it may yet be a question how far the mode of 
traction which has been adopted for the temporary railway will 
prove to be the beat. The modified loctjmotive has no doubt, 
*k' i! I ^^ ^^^ central mil, succeeded in surmounliug grjidieutg 
which Iiave hitherto been considered to be more severe than 
IS oompntible with the economiail use of the locomotive engine 
bat furt-her experience is still required, and the resuUs of the 
trial wiU be watched with mat interest, because it cannot be 
k" if ^ conditions will continue to present themselves to 
which the ortlinary locomotive engine cannot conveniently be 
applied. In many of the proposed and future designs of bridges 
over or under great rivers and estuaries, no novelty in the 
principles of construction may probably be required; but in 
other cases the mere magnitude alone will demand new arrange- 
nnente and combinations, and may possibly also suggest the use 
**' «teel for parts or the whole of the structure. 

The dock* and warehouses of our great commercial cities are 
rapidly advancing in importance, and are constantly demanding 
increased facilities to enable them to meet the exigencies of trade; 
4 k V^^^ purpose every possible resource of steam machlnory,* 
and hydraulic and pneumatic mechanism, will have to be taxed 
to obtain convenient and adequate power and expedition. The 
new scheme of river a[)proache8 at Liverpool is one of the most 
remarkable propoaals of modem times, for its boldness in 
grappling with the difficulties and necessities of a pressing want 
and the complete solution of a difficult problem. It is under' 
stood that the engineer of the Mersey board, who has designed 
this great work, ia preparing a model on a Urge scale, which I 
have no doubt will be brt>ught before the Institution. The 
railways under, over, and through great cities are amongst the 
most striking results engeudered by the necessities of rupidl 
increasing and closely crowded popuUtion, and may be regordi ' 
as one of the most useful economical developments whi 
engineering has supplied lo satisfy the requirements of modej 
civiliaation. The engineering problems they present are infinil 
m their number, and interestingly intricate in their character. 

Ocean telegraphy is yet in it* infancy, but enough has been 
done by the numerous lines already laid, and by demonstration 
before this Institution, to prove that further experience alone is 
wanting to enable deep or shallow sea cables to be successfully 
if'ki *^*^ njaintained wherever they may U required; and pro- 
bably in no bmnch of our profession is the future of greater 
interest than in the coming telegraphic connection of every part 
of the world by sea and land, and in the political, commercial, and 
social results which must fuilow such a remarkable increase ia 
the facility of general intercommunication. The rapid growth 
of communities to which 1 have already alluded has also 
developed the necessity of provision being made for a more 
abundant supply of pure water, and for a more complete ayatem 
of sewerage than is now generaUy poMeaaed by our towns and 
citiea; some of these works are already being carried out, or 
seriously contemplated, on a scale of almost startling, but not 
unnecessary, magnitude. 

It ia plain, therefore, that in every department of civil engi- 
neering the wants of commerce and society are pressing more 
and more urgently upon the resources of our profession. We 
have shin canals; but the Suez Canal thraws them all into Uie 
shade. We have long tunnels through our English mountains; 
but we have now to penetrate the Alps. We have large bridges; 
but lai^er are required. We have noble ports; but they aro 
choked with trade, and new accommodation of an improved kind 
is called for. We have steam ferries across rivers, estuaries, and 
straits, and rapid ocean steamers; but higher apeed and better 
Rccommoilation ai-e demanded. We have large warehouses, with 
convenient mechanical appliances; but larger warehouses and 
better mechanical appliances have become a necessity. We have 
many thousands of miles of telegraphic communication; but 
nothing short of ita universal extension will suffice. In the 
solution of these problems, thus rapidly indicated, and in oLliera 
which could be easily adduced, we may rest perfectly satisfied 
that tlie difficulties they present are not to be overcome by a 
atroke of genius or by a sudden happy thought, but they muat 
be worked out patiently by the combination of true engineering 
print'iples, ripe experience, and sound judgment 
Having thus called your attention to t^e peculiar position of 

\ 
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our professtou in coDaequecce of its rapid growth, and pointed 
oat Boiue of the probleras which awnit no eai'ly solution, I shall 
now Attempt to describe the nAtare of the functions of the 
KjoJern civil engineer, and consider liow the coming generation 
can be best prepared fur its inevitable work, and to what extt^nt 
this Inatilution can be made ancillary to tliat pnrpose. Although 
rwc know from history that raen have exiated from the earliest 
Sinaea who havo been distinguished by great mechanical capacity^ 
eniarkable akill in working nmlerials, profound science, and 
Doatruetive knowledge, yet it is only during the present century 
bat civil engineering can be considered to have become & 
Jistinct and recognised profession. Kow, howeveri it has aa- 
lumed the position of an art of tlie highest order. Perhaps we 
may without arrogance be entitled to claim for it the title of a 
trae science. Many attempts have been made to define and 
describe a civil engineer in a few general words, but all such 
Aitemptfi have been more or less unsatisfactory. Still, though it 
is diflicnlt, if not impossible, to deacribe an engineer by a short 
definition, it is not so dillicult to enumerate and describe the 
nature of t!ie works he is required to design and execute, and 
the professional duties he is called upon to perform. He basto 
design and prepare drin^^ings, specifications, and estimates, and 
to superintend the enrryiug out of works which may be thus 
ei 1: — 1, Eailways, roads, canals, rivers, and all modes 

< Mmraunication: 2, Water supply, gasworks, sewerage, 

t,* atim ;m iuher Works relating to the health and convenience of 
owns and cities; 3. The reclamation, drainage, and irrigation of 
rgc tracts of country; 4. Harboura of refuge and of commerce, 
jcka, piei-s» and other branches o hydraulic engineering; 
Works connected with large mines, qoarries, ironworks, and 
other branches of mineral engineering; 6, Works on a large scale 
connected with steam engines, with machinery, sliipbuilding, 
and mechanical engineering. This list, which might be almost 
indefinitely extended, involves a vast variety of work, and must 
appear almost appalling to a young engineer, and yet it greatly 
ooncerns his future success that he should, as far as possible, be 
ef^ared to undertake any or all of the works embraced in the 
8t. I believe the personal history of most of us woald show 
"^ 'that circumstances have led us in a widely ditfereut direction in 
the exercise of our profession from that which we originally 
riiplated, and that the success of many men may be dis* 
. traced to their ability to avail themselves of unforseeu 
ui»i>urtutiittes to advance in some new direction. The civil engi- 
neer must therefore bo prepared for the various classes of 
oonstructive works thus enumerated: but in addition to this 
professional preparation it is of the first importance as affecting 
nis true position, and the confidence which ought to be reposed 
in him, that he should also have a correct apprecia- 
tion of the objects of each work contemplated, as well as their 
true valae, ao that sound advice may be given as to the beat 
tneang of attaining them; and he must be prepared, if necessary, 
to advise his employers that the objects which are sought are not 
commemaliy worth the coat of the means which would secur*e 
them. It is not the business of an engineer to build a fine bridge 
or to construct a magnificent engineering work for the purpose of 
displaying his professional attainments, but whatever the temp- 
tation may be, his duty is to accomplish the end and aim of his 
employers by such works and such means as are on the whole 
the befit and most economically adapted for the purpose, at the 
smallest possilrle cost, having reference to future maintenance, 
^od ultimate permanence. 

I will now proceed to the question of the kind and degree of 
knowledge which is re<|uired to enable a young engineer to 
proceed to the actual design of a public work of importanoe, such 
as a railway with its stone, brick, and iron structures, its earth- 
worka, and its all-importfint permanent way, a railway station, a 
Btiitiun roof, docks and their appliances, waterworks, break- 
waters, or a Great Ejistern steam ship. Altliough it has become 
the [»ractice in modern times for many civil engineers to be 
employed chiefly, or almost entirely, in some one branch of the 
profession, I desire to repeat my conviction, that it is moat 
important that the early preparation and subaequent study 
should be aa extensive as possible, and should embrace every 
branch of professional practice, not only for the pnrpose of 
s' a young engineer moi*e numerous opf»oriuoitied for 

I ment, but also because sound knowledge and experi- 

euce 111 Mi branches of engineering will greatly add to his efficiency 
.«i/r/ rj<t//ft* In fliij especial branch; in the same manner that a 
meJiGul man wiltb^ more relmble in 2i is practice on the eye and 



the ear if he poesesses a sound practical and tbeoreiioat knowledge 
of every |>art of the human frame. All classes of tlie profesaiun, 
but especially the railway, the dock and harbour, and the water- 
works engineer, must possess a knowledge of pari inn leutary 
jiroceedings, so as to be able to avoid all non-com pi iancea with 
the standing ordei^ of parliament This, it is true, is no easj 
matter, as the clauses are often drawn up witli so little care and 
practical knowledge that neither engineers nor solicitors, nor the 
most experienced parliament.iry agents, can understand what it 
intended. On the subject of parliamentary proceedings generally, 
it maybe taken for glinted that all committees desii'e to do 
justice to the cases which are brought before them, and that if 
they sometimes fail in their decisions, either as regards the 
interests of the public, or in arranging a fair settlement between 
antagonistic interests, it is not unfrequently due to the im fan feet 
and crude manner in which cases are presented to them; and I 
would impress on all young engineers the importance, both to 
themselves and to their clients, of laying their caaes before 
committees in the most perfect manner possible, accompanied by 
full and correct iDform&tiou, carefnlly prepared and deu^ 
worked out 

The profeaaional knowledge i-equired by the railway engineer 
commences with surveying of all kinds, the use of the theotlollte, 
the aneroid barometer, the level, the sextant, &c., and in eludes 
surveys for preliminary and parliaraenUry purposes; and also 
working surveys of minute accuracy, on a large scale, from which 
engineering works may be set out with precision upon th« 
ground. The railway engineer must underatnud thoroughly the 
nature of earthwork of every kind, and the proper angles or slopes 
to be adopted for cuttings and embankments. He must havo 
the requisite qualifications to enable him to design bridgen;, 
viaducts, tunnels, and all other incident^^l works and buildings, Isx 
the best and most economical manner. He mu^t have aknowledg*e 
of the training of rivers, and the effect of floods and drainage, Co 
enable him to make accurate provision for the discharge of waier^ 
without waste of money by unnecessarily large works, or the 
risk of damage from works which are insufficient. He must bo 
familiar with the various characters of permanent way, the bett 
description of rail, sleeper, fastenings, and ballast, and with the 
different descriptions of switches, crossings, turntables, signab,aud 
telegraphs. In the matter of permanent way, it is somewh&t 
i*emarkable that, with all our experience, there abould otiU 
remain a doubt amongst engineers as to the best kind to bo 
adopted even under similar circumatancea. For, althoogh 
continental engiueei-s have almoet without exception adopted the 
flat-bottomed or " Vignoles" form of rail, the I form of rail 
with equal top and bottom weba, and cast-iron chairs and wooden 
keys, is still largely used in this country. A collection of facta 
with respect to the different descriptions of permanent way m 
use in this and other countries, with a view to arriving at a 
comparison of the advantages and disadvantages of each, would 
form a most interesting and important paper for the Institnlion^ 
especially if it embraced all the recent experiments with reference 
to the use of steel rails. 

The railway engineer should not be destitute of eome know» 
ledge of architecture, and such a taste for those gmoeful outlinea 
and simple appropriate details which should always characterise 
the works of an engineer, avoiding, on the one hand, the un- 
natural ornamentation which seems to have no connection with 
the structure, and, on the other hand, a disregard of either fonu, 
outline, or proportion. But all such knowledge may fail if there 
be not constant supervision and control over the qaality of all 
the materials and the workmanship employed upon the railway; 
and it ia not too much to say that, without the practical know- 
ledge which is only obtain:ible by having first perfonued the 
duties of resident engineer, it is hopeless to expect that any 
engineer can be competent lo undertake tlie responeibility of 
important works, or be fit to have large sums of money en ti*i) sled 
to him for exfjenditure. It is in the cipacity of resident 
engineer that all previous prepamtiuusj both scholastic aud 
professional, and all theoretjcal acquirements, become utilised 
and rendertKl of practical value; and it is only after much ex- 
perience on different works of varied character, dimensions* abd 
materials, that a young student of engineering can claim to take 
rank as a ** civil engineer," 

The duck and harbour engineer requires the general and much 
of the special knowledge of the railway engineer, such as that 
which belongs to railways and tramways, and warehooics fof 
goods; and to this he must add a vast amount of other special 
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ircd by the ratlwny engiueer. For exampK 
I 1 1 tbe Uwa which goveru tho ebb and fiow uf 

thrs tuic;«, the ni»e and bill nDil time of high anil low wat«r| and 
he miint have a knuwledg« of niuriue »urveying, or the beat 
ine^iid of aMcertAiiimg the set aud fipt^tid of ciirreuU, and their 
T4»od**t»oy t<^ ioorease depth of water by scour, or to dimioisih it 
■ , he must aUo know, m the case of docks, what kiad 

it of eutr.ince inceomm<:>deUion to provide, whether the 
;iould comprise ualy a simple lock, or be combiaed 
!o bajiin; whether single or double gates ehoald be 
uftccj; Nim wiii^iher it would bo oeoeasary to have a tidal basio, or 
a recessed space, or both. The mature of the trade to be accom- 
modated in the proposed docks mu^it also be carefully aacertained, 
ta ofder to provide a proper proportiou of quay space and water 
spacov *Li>^l propf^r width of iiimys, warehouses for boodiug or for 
fltods to be deposited} aheds. for temporary protection, entrance 
for barges Lato warehouses from the di>cks, graving docks aud 
workshops, with mechanical appliances for gates, sluices and 
puiaptng, and for shippiug or discharjriug rainerala or goods. 
He may have to deal with solid fouodatious, and eujoy a feicility 
<if pruottriug suitiible miit<: rials for construction, as at Liverpool; 
^ ♦> may have the bad fouudatlona of Hull and other places 
: M L'e alluvial silt of great depth has accumulated. It may be 
that gt)od sonod stone is too costly for the mass of his work, and 
iliat he must resort to brickwork, or rubble stonework, or con- 
crete^ or to a com* of all three; but in determiuiug 
Mdl qn^tioDS it is m that anything but previous expe- 
rienoe aod habits oi cull lul [uveatij;;atiun will enable an engineer 
to arrtYe at the best decision. For it is not enough that his work 
abould be solid, perm:ineut» and safe, but it should be rendered 
%o at the smallest posi^ible cost. The dock and harbour engineer 
also required to report upon, and to constiuct, harbours of 
e, piers, kndiug-stages, lighthouses, forts, caoab and their 
iRaaces, river improvements, and many other hydraulic works; 
, in short, of this branch of engineering it may be truly said 
that questions are continually arising which require special study 
iuieal invention to a greater extent than in almost any 
ich of the profession. Harbours of refuge, being large 
^ud cci^ii y workSf are necessarily few in number, and they are so 
■low in progress, and have generally been so often changed from 
ih> ;r original object and design, that few engineering works have 
J • n less satisfaction either to the profession or to the public; 
I- .' v umj hope, that if govemraente will accurately appreciate 
(j I 1 u they desire to obtain, and boldly grapple with the 
ii! r ; rJ and cost of welUmatured designs, better and more 
' rks of this nature may be accomplished than have yet 
otii. ^.udertaken. 

The waterworks and drainage engineer must possess many of 

t'^ 'liijin 11 cations of the railway and dock engineer, and especially 

:h concern earthwork and mnsonry; he must also be 

ith the means of obtaining information on the subject 

in ditfereut localities, the methods of correctly gauging 

I every kind; the proportions of the rainfall available 

. i iiim purposes after estimating for evaporation and waste, and 

tiie extent of the provision to be made for periods of dr/weatlier, 

ur for compensation to mill-ownera and other interested parties. 

He mast be conversant with the proper mode of executing the 

v. fk>« of reservoirs, conduits, weirs, tunnels, and aqueducts. 

: 1 tiuiJit undei*stand, by the aid of the chemist and his own expe- 

% the nature of the impurities in water, and the best mode 

Tiiiuishiug them, whether niechanicaUv, by subsidence and 

inn^or otherwise. To the waterworltB engineer we must 

Utr the «ol utinn of one of the gieat problems which the rapid 

-'^ of p{jpulatiou is now forcing ujjon us; viz., a com pre- 

^tem of conservancy of the flood waters uf mountainous 

' ir tho use of large cities and towns, and densely 

: jcts. We are completely outgrowing our present 

u^T water sapply in the great majority of instances; 

mni the oonveujence, comfort, and health of the public demand 

that snr*h works when required shall be no longer postponed. 

The has bt^en taken as to the question of a new source 

of w !y for l>^>ndon, in a pamphlet by a well-known 

■^ '■ ! of engineering, and sooner or later the 

,>tiblic attention. The waterworks engi- 

I De i.onipcnent to design and superintend works of 

11 aa of water supply, for large and small towns 

ar, . iud bis f&miJiarity with waterworks will naturally 

9 I I u I, iiiti, as the problems for the discharge and pressure 

ol diiiiU am identical in both cases. The great sewerage works 



of Ijoudonare now far advanced and have already pnxl weed bene- 
ficial results; the attention of other eitill neglected cities and 
towns has recently been called to this important subject by the 
loud and startling voice of a threatened return of cholera, and it 
IB to be hoped that the pr«:)per authorities will perform their 
duty promptly and efficiently in this matter; but I cannot here 
refrain from ^ling attention to a gigantic evil which hiis been 
crefited by certain (Eniaageand sewerage works already e^tecuted, 
and whei^ the convenience and comfort of one set of people have 
been secured only by the infliction of a nuisfince upon others: 
I allude to the discharge of collected sewage, without any attempt 
at puriflcation or deodorisation, into streams of pure water. It 
is remarkable that an injustice so great, and an evil so intole* 
rable, shonld in any case have been permitted by parliament or 
by the general law of the land; but now that public attention has 
been fairly directed to the subject, let us hope that as soon as 
possible a remedy will be applied to the cases where mischief has 
aii'eady been done, and that care will be taken to prevent its 
recurreuco. It is no longer a matter of doubt that deodorisation 
or purification is quite practicable in every locality, and there- 
fore no sewage should ever be permitted to be discharged into 
existing streams without this puri6cation, or it should be carried 
out to the sea, and there discharged^ as is now proposed for the 
north side of Ijondon. 

The mechanical engineer deals with the most varied and nume- 
rous subjects of all the branches of engineering. They require 
tliat he should thoroughly underatand the means of producing 
mechanicTil power, and of applying it to all the inHnite variety 
of purposes for which it is now demanded. To this end he should 
be master of the laws of motion and rest, of power and speed, of 
heat and cold, of liquids and gases. He must be familiar with 
the strength of materials under every variety of strain, the 
proper proportions of parts, and the friction of surfaces. He 
must apply existing tools and contrive new ones for his work, 
and know how to direct power in the raising of weights, or for 
driving all fixed machinery, or in producing locomotion on land 
or water. On railways he is responsible for the vast number of 
objects required in the machinery for erecting and repairing 
shops for the engines and carriages, for the pumping and other 
fixed engines^ and especially for the locomotive engine itself^ and 
for i*olling and 6xed plant generally. In connection with docks, 
he is required to design the machinery for opetnng and closing 
the dock gates, working aluices, emptying graving di»cks, or for 
working the cranes on the quays, or in the shells and warehouses. 
The mechanical engineer genei^ally also executes the designs of 
the gas engineer, even when he does not originate the work 
which i« intrusted to him;andin thisbranch considerable chemi<^d 
knowledge must be added to his mechanical qualifications. For 
waterworks he designs and executes pumping engines, sluices^ 
valves, stopcocks, &c. In the case of mines he supplies the 
designs of the engines for pumping, drawing, winding, or ven- 
tilating; for locomotives above and below rrround, as well as for 
the various mechanical appliances required in collieries, mines, 
and ironworks. 

The adoption of the telegraph has been so astonishingly rapid 
and extensive, both by sea and land, and the purposes to which 
it has been applied so important, that a considerable body of 
able and accomplished engineers have devoted themselves almost 
exclusively to the subject for the last few years, and have already 
created a new branch of the profession, called telegraphic engi- 
neering; but to be an accomplished telegraphic engineer, it is 
necessary first to be a good mechanical engineer^ and then to add 
the special knowledge of the electrician, and therefore I include 
them under the head of mechanical engineers. I think it may 
fiiiily be traced to the distinguished ability of that class of 
mechanical engineers who have devoted themselves to telegraphic 
engineering, that already so much has been done in telegraphy. 
Certainly no discussions have been more ably sustained in this 
Institution than those npon this subject. 

Allied with the mechanical engineer is the naval architect, and 
only a mechanical engineer could have constructed the vast 
Bteam-shipa of modem days. The ordinary timber-ship builder 
of old would have been literally **at sea" in the conatruction of 
modern vessels, wherein the material ia iron, and when the siza 
of the vessel requires scientific knowledge of form and resistance, 
of strains and of strength, and when steam is the motive power. 
The demand for large and swift vessels for ferries, for long 
voyages, far floating batteried, and for iron -clad sea-going vessels, 
h^ of iate been so gre^^t that the consti uction of steam vessels 
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baa become a distioct bmncli of eogiDeenng, noder tbe n$me of 
oaT&l &rchitectore. 

The mitiiDg engineer maat possess mucli of the knowledge of 
the railway »nd raeebanical engineer, and be miiat add to that 
generfil knowledge much special knowledge of his own. He 
must know how to sink shaua to the minerala if they require to 
be extracted from beneath the sar&ce (which is usually the case) 
and how to divert or pnmp out tbe water be meets with either 
in the shafts or the workings. He must know how to excavate 
and bring to tbe tturface minerals, whether they be coal, copper^ 
tinj lead, or iron, and to do this he must construct subterranenn 
railways, provide means of ventilation by fans or fnmaces, supply 

Cower to lift the extracted mineral to the surface; and when 
rought there he must understand tbe further requisite work, 
as tbe coal will probably require screening, or washing^ or manu- 
facluriug into ooke; and the ore will require crushing, washing, 
or siueltingj or possibly all three operaiiona. In all these casesi 
and many others, such as tbe coHection of aurfiice ironstone and 
other minerals by railways and locomotive engines, and the 
working of lifts and inclined planes, the mining engineer has 
most important functions to perform, and special machinery to 
adapt or invent; and relying on bis judgment and akill alone, the 
fovestment of large aums of money for tbe development of tbe 
mineral wealth of this country is annually made, 

[ must not altogether omit a passing reference to the scientific 
talent which of late years has been devoted to artillery — its 
weapons of attack and works of defence; and I think we may 
fairly claim that it is mainly due to some of the able members of 
this luatitution that this art has been placed on & new and 
vastly improved basis, and that as a consequence a new branch 
of tbe profession has been actually created — artillery engineering. 



ON THE TENACITY UF SOME FIBROUS SUBSTANCES. 

By W. J. MjlCquokn Rankikk, C.K, L.L.D. 

In order to compare the tenacity of a substance with its 
heaviness, the load required to tear a given bar, strip, or cord 
aauuder ia to be mulUplted by tbe length of so much of the same 
bar, strip, or cord as weighs an unit of load: the product being 
the tenacity of the material expressed in units of its own length* 
The following examples are taken from ordinary tables of the 
heaviness and tenacity of materials :^ — 



MAteriAl. 


DiAMQUooa. 


ItM, 


Length of 
I lb. weight 


Teoadtf ia 
fectofiba 






ki fe«i, 


AiAtcrial. 


Cuistaelbar .. 


1 in. X 1 in. 


130,000 


0-297 


38,610 


Cbarooal iron wire .,, 


area 1 oq. in. 


100,000 


0*S 


80,000 


Iron wire rope 


grirth 1-27 in. 


4,430 


0-tf 


26,880 


Irtm bar, strong 


1 iri. X 1 in. 


60,000 


0-3 


18,000 


B tiler pUte, strong , . 


area 1 sq. in. 


60,000 


0-3 


15,000 


Tea.k wood .,. 


1 in. X 1 in. 


15,000 


3*0 


45,000 


Thiui 


1 in. X 1 iu. 


12,000 


4-0 


48,000 


HttRificiXi rope, hawMi 










laid 


g^h I iiL 


1,050 


26-0 


27,300 


Ditto, cahle-Uid 


girth 10 in. 


67,200 


0'27fl 


18,760 



It would be easy to multiply examples such as the preceding:* 
If the same metho<l be applied to the weights and tearing loado 
of canvas, as given in Mr. CarmicbaePs paper on that subject, 
tbe folio vfing are the results: — 

MeAD of Nofi. Mb&d of Voa. 



1«S. S,4, ^5. 
21,562 
SO,7H8 



T. Mild 8, 
27,200 
32,000 



Tcnndty of warp in lineal feet of canvas 
Tenacity of welt in linrtJ feet of canvas 
Mean tenacity of tha fl&xen y&m in 

Ufieal foet of it«elf, htsiny^ the Hum of 

the tcmncitiea of tbe wup and weft ... 52,340 50,200 

The^e results show the least strength that is allowed to pass 
the test. 

^ince reading Mr. Carmichaera paper, and making the fore- 
going calculationSi I have made some experiments on the tenacity 
of flaxen thread and silken thread, of which the following are 
tbe results ; — 

The flaxen thread was unbleached^ and measured 15,833 fe€?t 
to the pound weight. Its tenacity w»s not uoiform in different 
parts; aud asi in the practical use of any material, tbe least 
str»*nu'th aloue la to be relierl on. I ascertained carefully the 



breaking load of thu weakest parts of the thread, which wtt 
6 lb. Hence the tenacity of that thread, in feet of itsidf, was 
15,633X6=95,000 fe^ 

Tbe silken thread was of two size*!, roettsaring respectiYtlT 
9417 feet»and 19,950 feet» to the pound* The tenacity of each J 
specimen was seuftibly quite uniform at different points. Tb»| 
breaking load of the thicker efjecimeo was 12 lb.; that of the] 
thinner specimen, 6 lb. Hence their respective tenacities, ia| 
feet of themselves, are as follow:— Thicker specimen, 9417 X 12= I 
113,000 feet; thinner specimen, 19,950X6=119,700 feet;— the! 
latter apecimen thus proviDg to be three times stronger foriu' 
weight tlian cast steel. 

In these experiments the length of one pomid of the thretd . 
has been ascertained to the precision of abont 1 per oeDt^ftodl 
the breakizu[ load to that of 3 or 4 per cent. 1 

It is probable that silk is tbe most tenacious for its weight of 
all known subetances; and when, together with that ^act, w* |i 
take into account that its specific gravity ia almost exactly Ih&t^H 
of water, it would seem, from a punsly mechanical poiut of view, ^H 
as if silk were the most suitable of all substances to give strength ^^ 
to submarine telegraph cables. But, unfortunately, when we 
consider the question from a financial point of view, it toriit out 
that the price of Etilk ia so high as to make its use in telegraph 
cables quite impracticable. 

Knowing that silk libre ia of the same heaviness with water, so 
that a prism a foot long aud an inch souare weighs 0*433 lb., 
it is easily computed that the tenscities oi the two specimens in 
lbs. on tbe square inch are as follows: — Thicker, 49,000, very 
nearly; thinner, 61,900, or equal to the strongest boiler pUte. 

I have also made a few experiments in order to determine tbe 
extensibility of silken thread; but the complexity of the pheno- 
mena wiiicb take place when that material is stretched, have 
hitherto prevented my obtaining precise reenlta. Even a snaall 
load produces a stretching which gradually increases with time, 
and which also gradually disappears after tbe load has bcea 
taken otf. i 

A load of Sj lb. put upon a thread of the thicker kind, whose 
original length was 5278 inches, produced a total extension of 
3"56 inches, of which, between 1*5 and !*€ inch, was set, con- 
tinuing when tbe load was tciken off, but gradually diminishing 
afterwards; while the remaining inch, or thereabouts, was elasiii? J 
strain. About half of tbe set, vi;^, 75 or *8, had disappeared ] 
two hours after the load was taken off; the remainder continued j 
to exist after the load had been off 8 hours. The extension, with \ 
a given loa«l, was on an average about 0*10 inch less when tbe 
load was increasing than when it was diminishing, showing tbe 
effect of what Prof. William Thomson has called '^* molecular 
friction/' Tbe results of tbe experiments correspond on the 
whole approximately with the following value:— Modulus of 
elasticity of sUk Gbre, 3,000,000 feet=r 1,300,000 lb. on the square 
iiich. Lf we take the proof load, or greatest safe load, at une- 
third of the breaking load, tbe modulus of resilience or power of 
bearing shocks, which is a third proportional to the modulus of 
elasticity and the proof sti^ength, is found to be as follows, for 
the thicker specimen of silken thread:— 473 feet (that ia, 473 
fiK»t-f>ounda for a prisiu weighing 2 Ik), corresponding to 20^ 
fo4'}t-pounda for a prism of 2 feetx 1 inch X I inch. 

The resilience of a tie bar 2 feet long, and 1 inch square, baa 
the folbwiog values for some other subatauces. 

Very stronc tough ate*! 60 foot-lb. 

Strong hard Bfied ... 46 „ 

Soft steel 31 ., 

Gtiod iron wire ... .. ., 36 „ 

GcKxi bar iron .. li ,, 
Strong plate iron ... 
Strong tough caet iron 

Occasions may arrive when it is necessary to have coi^dage of the \ 
least possible weight for a given strength or for a given resi- 
lience, without regard to expense; and then without doubt the 
best material is silk. 



Steam Fire En^m.—A trial of a very powerful Steam Fire Engiiie, 
BtAUni to be the luost po^^erftil one of the kind evt$r ooaatracted, took ! 
plaoo Ob tbe 2l)th ult. The engine tried was the Ciinter engine to the 
** Sutherlonil/' built by Mernrwe^ilhur and Son«, and proved heneJI to j 
be even more p<jwerful than htttr celebrated predeoes«r*r— throwing a jet 
of 1 4 inch diameter, in the ilirection of a miKlerate wind, to a diataiioe of ' 
i}00 feet^-the spray ^ytng much farther. Uuder similar circumstanoea, 
ft 2 inch jet was projected over 200 feet 
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EXPANSION AND PROPULSION. 

All persons ar* f:imlltar with thetraascendant achievementB of 
ttteam power, and almost all consider them preluaiTe to others 
siiU gniiUiT ; but while everyone sees what it does, compAratively 
few perceive how it ii done, Ideaa ot'it that reach no further 
thjui exleronl fvftturea and movementa of an eDg:ioe are indefinite, 
mod more or less cloudj nnd chaotic- Even with eiit^iuaera 
them«ielvea, there are pointa on the evolution, treatment, action^ 
«.iid applications of the fluid far from being lucid and sharply 
defined. O; iniona greatly vary. Two examples may here be 
quoted — one of marked intereat to the engineering community, 
the other of greater iraportanoe to the national and commercial 
marine: 1. The economy of expansion by cutp^^ffa. 2» The virtue 
%it form iu propelling bladea. The competing engines of the 
Algonquin and Winooski will go far to settle the first, but not 
the sec-md, without removing the nnderahot water-wheela, sua- 
|>euded ad {liidiiles over the sidea of b>th vessels. 

Of the economy of atoppiuf;^ the flow of steam into a cylinder 
before the piston reacbea iU ends, there is and has been no 
<liveraity <>f opinions ; the fact is pjijpdble, and such has been the 
uniform' practice since the beginning. The points in dispute are 
the extent to which the principle is urged, and the amounts 
of {^Q claimed. Prevailing opinions, right or wrong, have 
*1 ways governed, and much that is due only to reflectii»n and 
demonstration is still yielded to popular dogmas, to interest and 
feeling. Inventors oftener build without data thaji with them, 
And what is worse, their propositions are too commonly made 
faiiseei of speculation. All this is natural, at any rate unavoidable ; 
oor is it on tha whole, to be regretted that truth in mechanical 
as iu other departments of research, has to be reached through 
eouilicts with mtereats and error Without efforts to attain it we 
<«Hiy neitiier bejrepared to receive it, nor capable of appreciating 
tt^ That which costa little or nothing ia held of amall 
accoQDt 

While admirem of "independent" cut-offs dwell complacently 
oo thiit pfirt of the operation to which *'the great saving" is 
Attributed, others glaoce at what they hold JiS a full counter- 
balance. Thus, when a charge cut off at one-third drives the 
piatou through the remaining two- thirds, a clean profit is 
ciaim(.«d. To this other observers say nay ; that against it should 
be placed the expenditure of two-thirda more power — sleam— 
on the first part of the stroke than was uecessarYj and hence 
that what is gained atone point is lost in another ; at all events, 
tliat the difference is rather alight than seriouti, But may not 
llie surplus force on the first part be recovered and applied to 
tlie latter \ No, not a particle. Misspent force can no more be 
recalled than misspent time. It vanishes with its action, and no 
linger existA. Yot the steam is still in the cylinder. Granted, 
tKit it no longer possesses the power gone nut of it. The power 
is in i^xpanston, and while the piston was atetionary it wjia 
intact^ but diminished as that gave way before it. At a first 
glance the loss may not be appmrent, but the difficulty will 
vanish when it is remembered tluit com muni coition with the 
boiler IB. not closed till the piston haa passed through the cylin- 
der to the point Bxed on for the cut-off to act. Till then, the loss 
is made good from the boiler, and consequentiy does not appear 
tu the cylinder. Could uuproductii^e or misapplied force, of any 
kind, lie recovered and turned to profit, the economy of creation 
would be very different from what it is. 

It would moreover be a marvel if additional power conld be 
got out of a definite quantity of steam by increasing its tension 
— if on»*-lhird of a charge at DO Ih. on the inch weie more effec- 
tive than a full one at 30 lb. As well ex|iect to spin more thread 
out of closely than loosely pack^*d cottiDn. Compreasion can add 
liothing to the fibre or fluid. The gain, however, ib ascribed to 
economy in expending the fluid, rather than to an iucreaj?o of its 
<|tiatitiiy, and engineers on bath sides of the Atlantic have 
iudoriK**! the syHtera. The governmeut experiments will, it is 
fireinmed, definitely Kettle the question. When they are com- 

Eletisd and published we shall learn whether the principle of 
igh or extreme expansion is to be preferred to the doctrine of 
Clioae who hold that the tivailable force of the charge c.'iq vary 
btit little, whether compressed into one-tenth, une-fourth, or 
Oftedialf of iUj initial volume — that diabursuig steam and money 
in much the aanif*, a goM didlar going no further than a silver 
one, nor it vurvnng in value, whether hiid down in one piece, or 
in halves, quiLrtera, or dimes. There are probably no ex^iendi- 
ttirss of force unattended with loss or waste, but by no system of 



saving can the principle be reversed and the outlay of one |x>i^ 
tion command a return due to a greater. 

It is to the second proposition this paper is intended more 
especially to invite attention^HDue of high import to the govern- 
ment, since it involves the question of speed, and that in vessels 
of war is vital — is everything. It has elsewhere been remarketl 
that an increase of a few knots iu our cruisers would have 
virtiially ended the late horrible war two or three years ag(», 
saved thou8and« of lives, and multiplied millions of mcmey — that 
it may as well be obtained as current rates, and will be, though 
perhaps not without further struggling against a plain law of 
physics — plain and perfect to those whulook into it, a stumi ling- 
block and foolishness t/t those who do not ; that is, those who 
prefer rectangular planks to the form of blade which science pro- 
claims, and nature everywhere con firms — whose ideaa of driving 
ships over seas and rivers are those of the huilders of KoniHO 
gallies, and engineers of the Middle Ages. They propel Itni 
vessels by two, four, and sometimes six oxen. Two were yoked 
to and truvelled round a vertical shaft, and each shaft cariied a 
pair v}i paddle whesls identical with those by which they ground 
corn on the edge of running streams, and in boats anchored on 
rapid rivers, 

if there are other examples of non-«dvancement over the dark 
ages as gross as this, we know not where to look for them. Onr 
planet is a school for engineers, as for other professions It ts 
alive with illustrations of mechanical laws, as fixed and im- 
mutabte as the universe itself; and nothing is more ceitain, that 
only so far as our devices accord with them can they suc^^ed. 
Thus it will be, as heretofore, with the propelling blades of a 
steamer as with the force that propels them. Abortive must be 
all attempts to make her speed what it ought to be, as long us the 
principle of form so distinctly and variedly manifested iu organ- 
iisms that mnve rapidly through air and water is ignored. It is 
fuudiimoninl No finite intelligences can improve or supere^Hla 
it. There is marvellously more in it than common observation" 
perceives. It governs other attributes. Endless are the projects 
on minor points, and all of them fruitless for lack of that which 
only can give value to any. 

Every horizon t<U section of a blade baa a different velocity 
and, to make the resistance and effect unifoiin, its width munt 
diminish with the dip. Tlie centre of resistance, instead of 
being nejir the extremity, will then be drawn in towards the 
centre of the blriile, and economy of force will result. There is, 
in fact, a reciprocal influence pervading every part, every feature 
and movement of a perl\?ct blade ; and wherever IhisharoiOnions 
action does not exiat, loss uf speed and waste of power are and 
will for ever be iupvituble, for physical laws are eternal. There 
are some things winch the present slate of science and the arts 
cannotaccompliah, but there is noobatrnction, mentiilor physical, 
to our giving to sea-briats a maximum of speed with a minimum 
of force — to our rivalling in this respect the ablest engineers of 
tlie future ! 

If not disgraceful, it certainly is not creditable to Americatt- 
and European engineers that the problem bos not been nolve4 
before now. It would stem imposmble for it to be much longei' 
neglected. The pref^ent oppjortunity of again bringing it to the 
notice of the Navy Department is singularly fHVopable. Numer- 
ous puhllc vesj^eU have been sold, and more are yet to be disa- 
posed of. Got of so many, one or two might surely, <md without 
injury to the public interest, be detained for the purposes nf 
e\p«?riment. The British government has experimental 8t<?amer8, 
and much more should ours; but passing that, all th.it is now 
asked is that the Algonquin or Wiuooeki — the one which proves 
the fleetest in the approaching trial — be fittetl with bhideson the 
principle recommended in the Patent Oftioo Report of 184D. It 
is therein demonstrated that s|>eed is essentially affected by the 
figure, thickness, and number of the blmlea — that their proptlliug 
power expands and contnicts with the vtdumes of water th+^V 
displace. Ocean steamers had them of 2j, .3i, and evt*u 4 inched 
thick, amounting to from four to five huridivd cubic feet of Holjil 
timber to lie kept whirling through air and wuter, and losing on 
the average 7 feet ol effective stroke (the nggreeate thiokuesa 
of one wheel's blades) at each revolution : some wheels actually 
lost 12 feet of stroke at every turn. But there were engineer 
then who maintained the )iy|H>theNis, *' the thittker and heavier 
the blades the belter, for the heavier the wheels the easier thev 
work !^' 

The length of paddle planks then vnricf! from 12 and 14 to 
22 feet! The incessant jar arising from their strikLug the wat*r 
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WAS ahown to be m oeaselesa soirroc of destruction to both eogine 
jiud vetisol, as well ns wnste of power. Some boats hfid wheel- 
hau^es wilier than their decks^ so ns to mnke it doubtful to 
slrangerfi to such cnift whether the hulls were heeesaoriea to 
thern or they to the hulk. In thia respect the number of blades 
has been grenily rethieed. There were then ate/iniere with 36. 
The UDited Stattw, among others, had one bolted to e?ich shie of 
her radial arms or levers. The number settled down to 2S, next 
lo 14, aud now there are examples of only 7 being employed, aa 
urged in the report. But the most impckrtant aug^e^iion is yet 
ignored by those who have taken advantfige of the rest, and, 
with scarcely an exception, without the ulij^'hteat acknowledg- 
ment It will, however, yet be conceded that the naked arms of 
old steamer's wheels would, if sufficiently lengthened, have pro- 
©lied them more effectually than the usiml plank paddles 

fittached, because of their approximating to the only principk 
i^pplicable to the case — that which nature ilhiatrates in the long, 
narrowband tapered organa of her swifteat swimmers and flyers; 
and (as there is no origioating a law or principle of our own) 
which, in onler to succeed, we must adopt or fruitleasly oppose 
and fail as heretofore. Instead of churning the water's surfac© 
with wide dashers, we must take deep hold of it with blades that 
enter without jarring and lift no loads of it on leaving, 

Tlu! usual prenomen to steamers' wheels is a wrong one, there 
bemg no analogy in their action and that of the Indinn'^ paddle. 
To resemble it the longer axis of the floats or buckets, instead of 
l»eing parallel with the abaft, should be perpendicular to it, and 
instead of seeking resistance away from the hnU, tind it in depth 
close to it. The oar reaohes out, but that is to adapt it to hunmu 

•power. Sweeping horiiontally through the water at a much 

Pl^ater distance, more power is lost in being imparted to its 
blnde than to that of the paddle. In large wheels the loss is 
considerable, as the power has to pass to and from the furthest 
ends of the buckets, whose action is really that of « otatlng oars — 
wt»lely different from that of vei-tical paddles, which would dis- 
pense with three-fonrths of the massive overhanging shafts. 

To use the narrow blades of paddles for nndei-shot wheels 
would be quite as rational as employing the wide planks of the 
latter for propellers. 

A series of experiments was proposed to the admintstralion of 
President Taylor, and a vessel — the Water Witch — was 
designated for the purpose, but his sudden and lamented death 
put an end to the design. Conducted under the superviaion of 
the heads of the Coast Survey and Smithsonian Institution, 
scientific ofhcers of the navy, and representativen of the Franklin 
Institute, the result, whether in favour of or against the current 
wheel, would have been of lasting vahie, and so will the solution 
of the problem be, whenevei and by whomaoevpr it h accom- 

"plished. The government has now another reliabie source of 
information and advice in the NalionsU Acjideniy of Science. 

In 1855, Profs. Bache and Henry, in a letter t«> the Secretaiy of 
the Navy, stated that the proposed experiments "would be of 
great praclieal vnlue to the wnrld iit large, and of particuhir 
advHtjiage to the Navy of the United Stnies." Uni the time for 
them had not come. The reply was, " The DeparUuent appredate* 
v^vy highly the importance of a series of experiments on the 
brat form of propelling blades or padt Ilea for producing, with a 

■given expense of power, the greatest useful effect. It has, how- 

^ ftVer, to regret the want of authority to undertake them, * ♦ 
and could not, without i neon vet; ieuce to the public servicCj 
furnish a vessel for the purpose." 

It may be that the Navy Department inclines to the opinion of 
aome of its subordinates, that the fiaddle wheel is all that is 
wanted, and, so far from ever being superseded, is destined to 
move the earth^s fleets of steamers as long us its prototypes 
traiismit power from rnnnin;; streams to mills and fnctories. 
WidI, why not then have n practical demonstnitiou of its8U]>e- 
I priority, which w?ould repay the cost a th^msaud-fold, and reflect 
nduring honour on the departtnent. The ex^>^nse can hardly 

"•jsceed llie tithe of a tithe f>f the pending experimenls on 
ati»amera and steam. Were it as great, it would be true eooDoDjy 
to incur it. 

There is, of course, an end of the question of ]u opnlsion with 
those who think there is no natural law or principle of vel^x^ity 
in steam vessels, or, if there is, that it has no i^elaiion to the form 
of propelling instruments. If they are right, the highest speefl 
haa been attained, and we must sit down and rest satisfied with 
the commoQ wheel, for there is no risk in repeatitig iht assertion 



that nothing more is to be g»>t out of it. After undergoing ) 
endless vMriatious in detniU, its dimensions h.ave been swelled to 
extrtfuie practical limits, atid to meet the resistance an unpre* 
cedeuted amount of m^tal has been put into the shafts — and to 
what purpose ? The largest have been strained to breaking, yet 
no increase of speed. But it is preaching in the desert to reason 
with those whose itleas of pr^igress are boumlod by the prijaeut, 
who imagine that stenm-ships of the future are not to sor^ifisa 
those of to-day. 

The sole motive in calling the attention of tbe governiu^nt 
once more t«» the st^bject» is an abiding conviction of its impor- 
tance to the nnvy. Tlirj writer has no sel5sh object to accom- 
plish — no wish to divert a dollar from the treasury into his 
pocket. He has nothing to gain by the adoption of his ▼i«w», 
and nothing to lose by their rejection, E. 



SOCIETY OF ENGINEERS. 

The following are portions of the inaugural address, delivered ' 
by Mr, Zerah Colburn, on his election as president of the 
Society of Engineers, on the iJ^nd ult. 

It is not necessary that 1 enlarge her© upon tbe paat progress ^^ 
Dor upon the proltable future of the engineering profession, nor ^H 
shall I detain you with a review of the engineering works ^M 
achieved last year, nor with a list of what is to t» attempted this 
year. All these yoti are in the habit of reading in the news- 
papers, and I need only say, if it be considered necessary in my 
position to say it, that I believe the profession of en^^ioeering is 
now established upon a footing which will ensure the succeis at 
every qnalilied person w^ho adopts it and practises it rightly sud 
well. Whftt, 1 think, should be particularly addreesetl to the 
memV»ers of tins soeiety on an 04?casion like this, are eome 
remarks upon the possible development and probable future of 
the society Itself. It is now in its eleventh yesir, and it already 
counts a large numfier of members, and is in receipt of a 
conRideruble annual income. So far the society has been ex- 
ceptionally fortunate in having enjoyed the benefit of the 
uncefising labours of our honorary secretary, Mr. Williams, and 
but for his services, exerted in every manner that could secure 
the best interests of this society, it might, I am inclined to 
believe, have fallen to the ground long ago. I say this quite 
apart from any complimentary considerations, and merely 
becHUse it must enter into our estimate ot the future position of 
the Sfxnety. We occupy, as a society, a somewliat exceptional 
position. Only a smnll jtroportion of our number are engfiged in 
the design and conduct of engineering works* upon their own 
account. I am glad, however, to see that our numbers are now 
being steadily recruited by gentlemen engaged in actual practice. 
The vnlue of a society like thin is in its power of concentrating 
profensional talent, in influencing it in new directions, and in 
eecui'ing public respect and confidence. Now this can be done 
only by deserving both. Unless it can be heen that successfully 
ex(?cutetl works are described here and discuesed by those who 
are competent to do so, we cannot expect to take the rank 
which, as a society, we all wish to have before the world. 
We have had here many papers, exhibiting much industry in 
their preparation, papers containing unexceptionable truths, yet 
these papers have been, In many cases, compilations, instead of 
being prepared from the special knowledge of their authors* 
Not but the society is under obligations to whoever prepares and 
reads a paper here which is not in itself unsound. Members 
should dismis.s from their minds any idea that they are doing a 
favour to the socinly in prepiaring papers for reading and dis- 
cussion. Not but what the society may and pmbably does derive 
some actual benefit from the papers, but they should be prepared 
from a seuse of duty» and as but a fair contribution towards the 
inlete^t and usefulness of the f-roceedinga. Those who will take 
the tr(ndilf> to put upon prt|>er any subject which they really 
understand, cannot fnil, too^ to derive some advantage from doing 
so. The preparation of papers disciplines the mind, and compeb 
the writer to choose his forms of expression. A facility for this^ 
kind of compoBiiion, whether natural, or acquired as it maybe 
hy practice, is of gre-tt value in every sphere of professional life. 
The ability t«> give correct expression to sound truths and to 
good ideas often enables the speaker or writer to influence those 
who would be otherwise far out of his reach, and thus not only 
to derive direct advantages for himself, but to adv^ance whatever 



nb. t. tiee.] 



THE 



^IL 



HI 



ARCI 



proper cause he mAy make the suViject of his ootunuiuicatiQn. 
Iij thi«i 1HTll^ ih*-' prepamLioQ of paper** by members of this society 
i^ to ^ I tis K valuable eiercbe, and for the sakes of the 

l^riter i v es it slufuld be fuUowtd wheoever tfnie aud a 

, Hubject can l>e found. This prtfp:iratioii compeU the writer 
stutly nod to rellecl, atid ia iu many way a an excellent means 
cf m-lf-improvement. 

The course which 1 hAVa endeavoured to point out is the one 
rhich, 2Lloug with ftorae other circumsuuiccs, has brought the 
eut society, the Institution of Civil Engineers, to it« piesent 
^igh position. It might, iiideed, be asked why a further society 
like ourd should be needed at all, but I believe that our meetings 
Ml additional and vahiablo opportunitien, more especially for 
ringer membera, which the Indlitivtion^ useful as it ia, can 
iitvertheleaa hardly afford so well as this society. However we 
may secure the oo-operation of gentlemen in actual practice as 
eDgineers, we shall always be represented, upon the whole, by a 
much younger class of men than thuae forming the InslitutioD. 
And our subjects for discussion will also embrace more works of 
nieehaotciLl engineering, and it may, indeed, be said that ours is 
the only professional body in London which habitually does deal 
with mechanical engineering. Our meeuugs give opportunities 
for the expression of opinions, and for practice in discussion, 
which could not be expected, at least by the younger members, 
at the Iniititution. Our past success is, indeed^ sufhcient to show 
thaty properly conducted in the future, the Society of Engineers 
has no need to fear that its position will not be didy recugnised 
and the value of its proceedings acknowledged bv the ]»rufesaion. 
Any idea of rivalry with the parent society, as we may call the 
Institution, can never, I feel sure, have been entertained for a 
naottjent by anyone amongst us. 

Tli© demaiiiU for all kinds of professional knowledge is now 
iiler than ever, and this society enjtiys many facilities for 
' r\nd disseminating such knowledge, and thus for com- 
r 1)6 general respect and con ti deuce of the profession 

1 . y will do much for those, axjd they are perhaps the 

hi i; t Mv I 1 the younger engineers, most of whose iiiatruction in 
ijrir triMire profession is self-instrnction. It will m»t only bring 
tfore them subjects which are new to them, but the discussious 
ill lead ihem to reflect and ccfmpare one thing with another, 
Dd ta push further inquiries, an<l besides to cuUivate a habit of 
_ ling. I believe that in thii way the society has already 
acoocuplished a great amount of positive good, although we may 
have DO precise means of estimating iu I believe that nearly 
rvery one of our members who has habitnsUly attended our 
meetings, and preserved our volumes of Transactions, will own 
that he has tlerived direct personal benefit from what he has 
heard here, and it is by improving, as the council now believe 
t* " tire way ti> imprnving, the preparation of papers and the 

I • rHscusKions, that these l>eriefits will become mote and 

ti. ,»,^ r..o.JiJctly reci'gnised and appreciated* It should be the 
wish of ever)' member to co"Oj>erate in the plans of the council, 
eo a** to lit HI r tiiia aociety into a position where its membersliip 
will ' iv regarded as a beneficial distinction, by giving 

an 91- I professional fitness for such works as the mem- 

bera • rtake. 

In i i>out us upon the works which are already in pro- 

gress, and in looking forward to those upon which the younger 
members are likely yet to be engaged, we cannot fail to be struck 
wiUi the increasing scope which our profession oS^^rs. Never 
before were so many, so extensive, and such varied engineering 
wiirks in hand ; never before have so many new works been con- 
lempUted. Improved machinery and improved processea are so 
cheafvening almost every kind of production, in the gettin*; (*f 
croal, in the working of metals, in the manufacture of bricks, 
j] > , r, &c,, in agricultural operations, and in the meatia *>{ 
aion, that we are adding to our national capital faster 

■-tl. .-. before. It is impossible, indeed, to define the limits 

^^itliiri which invention, as applied by civil and mechanical 
t'g^iueers — for, whether they are inventors themselves or nu, 
DKi(>^^'< J^re the bfst titterl to curry mo«t inventions into practice 
-It is impossible to say within what limits invention thus ap- 
lied is now adding to the permanent wealth of the nation. 
Vhnt the steam engine, the spinning frame, the power loom, and 
be iron rolling mill havf done for Great Britain is really be)'und 
Hr powers of estimation. Then came a later series of inventions 
1 less importance — gas-lighting, the locomotive engine, the 
I printing press, the hotblast, ocean steam navigation, and 
Sectrie telegraph. Still later we have had the reaping 



machine, the stenm p1<JUgh, and the Bessemer process. Each 
and ntl v( thestf hus done^ is doing, and will in future time con- 
tinue lo do» more for the good of mankind than was accomplished 
by all the artautl skill of the two thousand years of the world*s 
history previous to the time of Watt, excepting only the inven- 
tion of printing and the discovery of the mariner's c(»mpass. It 
is engineers who are turning all these grand inventions to 
practical account for the useful purposes of men, and in many 
cases engineers are themselves the inventors of new processes 
and machinery. A great secret of professional success conakta 
in knowing how to improve upon previous practice, whether by 
invention off-hand, or, more commonly, by that course of elabo- 
rate thought sntl comparison which results in what the engineer 
prefers to call design. Not that the inventive power is indla- 
pensible to success, but when controlled and regulated by good 
knowledge and sound judgment it is a great aid. 

Many of the members of this society are now at an 
age — and t am speaking of the younger members — when new 
inventions, once studied and understood, make the mc«t ijer- 
manent impression upon the iniud. There is enough now tiiat, 
if not absolutely new, is but now beginning to attract general 
attention, or which, at most, has not been for any great length 
of time before the world. The yonng engineer should make hun* 
?elf conversant with the contemporary inventions of his own 
time. The new coal -cutting machines, new pudtiling machinery, 
the Bessemer process, the steam-plough, the steam fire-engine, 
the pneumatic railway, the universal telegraph, the gas-engine^ 
the Entield rifltt-making nmchinery, the variolas patent moulding 
machines employed in the large foundries in the North, the 
recent applications of frictional gearing, the injector ttn»l the 
later improvements made upon it, the newer apparatus for test- 
ing iron, the Mont Cenis railway, Mr. Stur rock's steam tender, 
&c, should all be well mtistered, and the young engineer sboald 
have definite opinions upon them all. S<1 of inventions re- 
lating to warfare — the conatructiou of the principal kinds of 
ordnance and their rifled projectiles, the construction of armour 
sides for ships, of gun-carriages, and of turrets. There are, 
also, those large engineering questions which the yonnger 
members of the profession should keep themselves informetl 
upon — the large bridges now contemplated in many parts of 
tlie kingdom, and the drainage and water supply of towns, 
and especially of the Metropidis, the improvement of rivers 
and harbours, and the great question of oc«an telegraphy. lu 
touching thus briedy, and almost without regard to their 
relative iroportance, such a number of subjects to which the 
minds of f*o many of the members of this society may be 
profitably directed, 1 do ao more to suggest the opjK^rtunities 
for, as well as the value of, consbtnt thought. It is the power 
of thinking closely, and for practical purpose, that gives to 
the engineer his ability to deal with fresh difhculties as they 
arise, and if the younger members of this society have made 
up their minds that the opportunities for engixieers are to be 
greater than ever in the future, they muse also bear in mind 
tliat the preparation for the duties of our profession must also 
be more complete than ever. To this end we may all hope 
that the Society of Engineers, as an establishment or an in* 
Btitulion, may in future be enabled to render greater servioes 
Id the advancement of engineering knowledge than ever before. 



THE NATIONAL BOILEE INSTJBANCE COMPANY. 

Mr* HiLLER, chief engineer, has laid his annual report befcre 
the National Boiler Insurance Company (Limited) 22, St. AnnV 
square, Manchester. The following is an abstract ; — 

Mr, 11. Her commenced by stating that the eom^isny had 
already acquired an extensive and rapidly increasing connection 
amotjgRt boiler owners in the districtu to which its operations 
buve been extended, and the prospects for the future are of the 
nioat promising and encouraging character. No explosion has 
ftccurredto any boiler insured with this company. Some of the 
boilers have been injured through mistake or negligence of the 
attendants, and other cases have been reported where iierious 
injury would have been su^tiuned hmltbe boilers t)een unprovided 
with gooil fusible plugs on the furnace crowns, which, by their 
tiuieiy action, prevented damage. One case of partial collapse 
of the furnace tube of an iuanred boiler is worthy of special oote. 
The boiler was fed with water strongly impr€gnate4r with salt and 
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chftlky matter, which, owing to omissioti of freqtient cleaDioc^f 
WM 80 thickly depoaited on the furnace crowa as to cauae over- 
heAliug of the platea, and oouaequeat injury. The use ot (food 
surface blow-out npparattiB would have prevented the Hccamula- 
tion of the depooit, and subsequent damage to the l»<>iier. Many 
serious defects, aorae of thani of a most dangerous charaotet, 
have been met wiih in the boilere iospected. Internal oorroaiuii 
ia fi'equeutly met with, in Rome cases seriously weakening ihe 
boiler in a very short periocL In moat cases its proj^reuB may be 
arreated by the daily admixture of a smrill quantity of commou 
soda with the feetl- water. In any case where the one uf aoda does 
not prove etTectual he would suggest that the water should be 
analyseil by a first-class chemist, who would doubtless be able to 
recommend an aulidoto. Many of the leAding boiler makera 
now rivet oa the boilers suitable joiot-beds for the fittings, and 
good mouthpieces, with planed joiui faces, at the manholes, which 
much facilitate the proper making of the joints and materially 
itrengtheu the boiler. Where these beds are properly attache(iy 
nnd the joints thereto carefully made, leakage is avoided, and 
much trouble and expense saved to the owners. Many glass 
gauges were met with, where the handles of the taps were brcjken 
&nd in other cases the taps were so leaky that the gua^e could 
not \m properly tested ; others were so dirty that the height of 
the water was scarcely distiDgulshable. Many instances of the 
consequence of ne^^lect of the wiitcr gauges have been recortled. 
In one case a two-flued boiler was fitted with a ^lai;s gauge and a 
float gauge, but the former w^is not kept in oider, and ihe float 
only was used, the re^iult Wiis that both the furnace crowns were 
seriously injured through deticiency of water. He did not con- 
sider oriliuary float gauges sufHcieutly sensitive for use oa 
internally '6 red boilers, and would strongly advise that where 
attached to those externally- fired there should be two gauges to 
ejich boiler, as a check on eacli other. Several cases have beea 
reported where the glass gauges wei*e fixed so low, that the fur* 
naoa crown would be actually bure of water when several inches 
were visible in the glass. These were certainly proofs of gross 
carelessness or ignorance on the part of those who fitted up the 
boilers. As an instance of the gross negligence which is 
occasionally displayed by boiier attendants, he mentioned the 
following : — An external I j-tirtd boiler, fitted with a 'Afloat- 
whistle " gauge, was found with the water so low, that it whs out 
of the range of the float, which the insfiector found was scotched 
Cast, to prevent its Indicating the deficiency. 

Many safety valves have been found defective from various 
causes, and he was sorry to remark that, despite all that has been 
written at various times on the subject, and the numerous dis* 
asters which have occurred through their abuse, many instanced 
of overloading with irregular weights of various kinds and other 
detects have been reportt'd. In one instance where the safety 
valve was loafled to 40 lb. per square inch, the pressure g^uge 
iudieated but26lb. when the valve was blowing oflf. The safety 
valve had in consequence been overloaded with pieces of iron to 
blow oif with the gauge, thus seriously increasing the pressure ; 
acd the mistake was not discovered until the gauge was checked 
with a correct indicator, which showed it 14 lb. per square inch 
Vielow the actual pressure. Fortunately, the boiler was amply 
strong for the pressure at which it was uau;illy worked. 

The safety valves of some of the boilers proponed for insurance 
were found on ins^iectioo to be loaded to above double the pro- 
posed pressure, of which the owners were quite unaware, until 
the boilers were inspected by the olhcei^ of this company. Com- 
pound safety valves, which discharge the steam when the water 
sinks below the proper level, and also act as ordinary safety 
valves, area useful dttiiig, especially when attached to simple 
boilers. The defects to which gauges are liable is exemplitied 
in the remarks on safety valves. Some of the gauges noted 
were found seriously inaccurate; in one instance, the gauge 
indicjUed 20 tb. below the actual toad. 

Mr. Hifler states that the groat snperiority of Smithes fusible 
plug has been fully snsiainetl by the ex peri en oe of the past year, 
Lod confirms the cohti deuce placed in it by this compnny, in 
rufiking the reduction of JO per cent from the preminm of In- 
surance of those Ij4jilers to which it is attached. 

Many boiJej-s are quite unprovitle<l with blow-out apparatus. 
A number of inlernally-fired boilei^ are re|M»rted as tiaving 
nothing but an iron plug at the bottom for the purp'jse of empty- 
ing them. This plan is most objectionable, as the water nonk^j 
/oto the brickwork at the bottom of the boiler, and leatls to cor- 
/'tWt?/i of the plAteSj ikmi aUo froqueutly bi*^k8 into the flues. 



interfering with their proper clean iog, and preventing satisfactory 
inspection. Suitable ri vetted betls should always be provided for 
the attachment of the elbow pipe to the l»ttiuOn, and the pipe 
should be of such a length that the tap may be easy of access 
for use, cleaning, &c, Wtiere the water conUuns much sediment 
the use of good surface blow-out apparatus is in most cases of 
grent benefit. 

No boiler insured with this company has exploded during tlie 
past year. Fifty-three serious explosions have occurred in thip 
United Kingdom atone, by which 47 persons loat their lives; and 

62 persons were seriously injured ; total, ISJ9. The following is 
a list of the explosions above referred to t — 

The exploded biUlei's were of the following descriptions : — One 
or two fiued iuteroally-fired, 14 ; locomotives, 11 ; cylindrical 
extemaily-ftred, 12; iron furnace boilers, 5 ; portable (locomoti re 
type), 2; vertical internal ty-fired, 2: marine ditto^ 2 ; balloon or 
baystackf 2; other descriptions, S : total, *y>i, 

The causes of those exfjlosions of which [mrticulara have been 
obtained, are as follows : — Deficiency of water, 10; external cor- 
rosion, I; internal ditto, 2; internal grooving at Heam», 4; in- 
suiBcient staying, or nml-constrnction, 4; weakness of flue-tubes, 
4; fracture through flaws In iron, 3; over-pressure, 2; failnre of 
seams over surface (exteraatly-fired boilers), 2; defective fire-box 
stays (locomotive), 1; weakness of manhole cover^ 1; no |»r> 
ticutars obtaine<l, 12: total, 53. 

The serious increase in the number of explosions of locomotif^ 
boilers caUsfor special remark, and must impress those persons 
entrusted with their charge with the necessity of providing, in 
new boilers, for more reliable and frequent internal insjiecliou 
than is now practicable. The number of explosions recorded in 
18(>5ia II, against 6 in 1864,2 in 1863, and 3 in 1862. The 
uutnber of explosions of these boilerH iu 1865 being equal to the 
whole of those recorded for the throe preceding years. 

The judicious application of the liydniulic test would probably 
have led to the detection of weakness in some of the tniilers 
whicli have failed. When applying this lest, every part of the 
boiler abould be exfxwed to view, and it should be caref^y 
gauged and examined before, during, and after the test, so that 
any alterations of shape or other defect may be detected; and it' 
is of the utmost importance that the pressure should be kept ttp 
for a considerable time, so that any defects which may exist, may 
have time to develope and becfjme manifest, otherwise the iesr) 
may prove worse than useless. 

As an instance of the value of the hydraulic test^ the follow* 
ing is worthy of record. A large one-flued boiler was proposed 
for Insurance with this company, which was iu course of being 
generally overhauled and repaired, and also enlarged by the ad* 
dition of several feet to its length. The old flue-tube was 3 feet 
diameter throughout, | plates, the new [lart of the tube was 
gradually enlarged to ab^ut 3 ft. 4 in., the total length being aboot' 
38 feet. The proposed load on safety valve was 60 lb. per squarv 
inch. It was suggested to the owners to strengthen the tube by 
angle iron hoo|>8 or cross tubes, and their attention was directed 
to the fact that the calculate^l load (per Mr, Fairbaim's for- 
mula), under which such a flue might be expected to collapse, 
was little over 80 lb. per square irjch» It was also reoom* 
mended to apply the hydranlic test after the alterations, &g. 
were completed. Uufortunately the tube was not strengthened 
as advised, and on the teat being npplied, the flue collapsed 
almost the entire length, when the pressure had reached aDon 

63 lb. per square inch, thus illostrHiing most forcibly the oq«^{ 
r^jctness of the formula referred to, and the value of the hydraulio 
test, as, had the boiler been set to work, tlie flue would, ta 
all probability, have faile<i with fearful result. 

The explosions causet! by exteru:d corrosion, were chiefly doe 
to moisture in the brickwork aeuting of the boilers. In several 
cases ihe boilers were placeil iu low situations, so tliat the 
water from the higher grouud drained into ttie flues, keepiog* 
the plates cootiuujtlly damp, thereby inducing serious corrosior 
and consequent explosion. 

When boilers are «top;MMl for internal cttfaniug, the external 
flue brickwork should alwiiys be cooled down ai^ much a^ po»* 
sible, by opening wide thc5 damper, and allowing a current of 
cool air to paas through the flues, for a considerable time be- 
fore the water is run out of the boiler. Many good boilai*s mim< 
seriously iii]Tir«d by the neglect uf this most uecessarr pre^ 
caution 
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ON FRICTION Mi SCREW MOTIONS AND APFLICA- 

TIONS.* 

By James Robertson. 

{With an EngrtivinffA 

TttE object of this paper ia to tiescritw a Byateni of frictional 

aertw motiona, with whiolj the writer Uoa been more or leas en- 

gng^ for the IhsI teu yeara, Hud whkh appenra to be a principle of 

mechaiiicjil action Dot previoualy recognised by mechaoiciaiia, 

aurt oHi* nf verycoQsiderable importance. The applicatioti of the 

T {MD» aluo infinite, iiud can praihice uaefni effects where 

I. u groove- threaded screw h uiiseiviceable; hun is oue 

litH^uajng luechaiiical nicety and tact to ttpply it rightly, and, 

mtireover, briugjj with it so much change in the form of the 

niachiue» Ui which it can be applied, that it is at considerable 

eipfise aod ri^k, in moat caseji, that it can be naefolly de- 

velo|)ed. 

Tho writer, though familiar with many useful applicatioDS of 
^^ : .,:..:. I „ "iMviiig been otherwise closely engaged, hiw there- 
( to apply it to any purpose involving much risk 

i . . cxpenae, uor allowed it to occupy his time in any 

k' degree, except for such purposes mi have happeued 
11 the wants of his own ewgioueiiug practice. It h 
li ' r, that by some information given on the suhjectj 
rii r Ljeuend recognition of tlie principle by eugtneei's, 
uieiui ap|>ljcr;iin!ia will increase more mpidly, as there are many 
of these moiiuna suited to particular branches of machine manu- 
facture; and many men, with mitny mechanical ends to reach, 
w-ijld fiod use f>r this principle were it well uuderstood. Any 
neric or or>(?»nic nature that forms a useful 
Ml tv> the designer of machines for producing 
r I ciii-cta he desires in the shortest way, and with 

iniitur© of force — contrivances auch as the cog- 
mri^'.^i, me iinci^l-screw, the crank, ecceiiiHc pulley, &c, — is of 
gn?nter imporfaiice ihiu the combination of these, ami adapta- 
tion of them iu a michine for any particular purpose, as new 
m iitona tend to auggftst new adaptations in machines, and these 
lii^aitjnw, after a liitie study, will not merely be found useful for 
some pinpi^aea already accomplished, but also suggest new 
ni. I - iofis not hitherto attempted. They will not supersede the 
I 1 1 read or groove screw to any considerable extent; but 

le for many purpoaesj and for producing eflfects of a 
■ whicli it would be irapoBsible to accomplish with the 
I. ion screw. 
kt ictioual screwing action is producetl by any body that causes 
continuous oblii)ue tangential irupingemeut on a revolving 
cylinder or round bar, where the cylinder or bar ia free to move 
on fHtt as well uH to revolve, Tho force at which it will revolve 
ifd on end id proportional to the frictional contact 
i[]g body, and the pitch of threaa deaciibed or 
fr. jurti pHMj, - ' %i the ungle formed by the direction of 
FiiotK<n of the body to the axis of the screw-bar or 

♦rflitnW, Fti sm.,1, w. .iie larger applications made, the force of 
tii-^ Hrff vvinu Lotion, though not accurately measured iu any case, 
-Kiuill 111- • frjui 10 to 20 tons, and the thread or pitch of screw 
dt-scrlKt'l J. rt-ctly accurate or uniform throughout, there being 
to Uie force that may bo exerted, or difficulty of pro- 
rfect unitormity of' pitch by these screw motion**, 
he purposes to which they are likely to be applied with 
Btage are not those that require either great power or 
itirripy ot action, 
Ph" 'oa! pi-operlies po«i>ei<sed by these screw motions, 

hs <\' d from the on! inary screw, are chiefly the pru- 

P* M 1' linite variation, or change of thread, or pitch of 

... IS- , I ible iu one screw, any pitch being readily obtained 

fiLtji an intim' ^ " <mall pitch, to direct rt^ctilineal motion 
on t-nd; and i ' the thread from right to left without 

' Mm* rlucriHuj u( the motion of the nut or screw; the 
II which constitutes the nut being iu moat cases easily 

A. ,|,,. ., In (Im this. 

Itir mr liinism which constitutes the nut is very varied— 

1 ' 'A ;i;;Uun being effectively generated, or produced by 

T curv«*d Iwira, by i.»araliel or by bevelled pulleys, or a 

_^ i^n of these acting tangentially ou the surface of a 

ound bar or ^yliiider, and these, instead of surrounding the 

»w like m\ rrlhiarv nut, acting external to, and revolving on 

\f \mr^ fiiviug thereby a great variety of 

fl iaD,A8 both nut and screw, while they 

* S««d bcfbn Um society of JCiigliireT^lii Scotluirt, 



are aetiug in this relation to each other, may be serving other 
purposes in the machine, and their fuocliona as a bci-ew motion 
of a secondary character. 

The primary principle of these motions will be understood by 
Fig, 1, Plate 8» consisting of a cylinder mounted on an axis, and 
placed on bearings so as to be froe to tiiove on end, and to revolve 
freely, representing thereby the screw, and having placed io 
etfectivc driving contact with it a parallel friction»l pulley of 
sufficient breadth to withstand wear, keyed ou an axis, and held 
in bearings in a forke«l boldur having a lever fixed in the fork ao 
as the axis of tlie frictioual driving pulley is kept horizontal to 
the plane of the screw barrel, but may have ilj* axis set by the 
lever, shown at right angles, or at any intermediate ancle with 
tho axis of the screw barrel, thereby representing the nut, 
Motion being communicated to this pulley by the belt pulleyand 
strap shown, and communicating motion by its ocintact with the 
frictional sciew, causes it to revolve; and, ou the lever and axis 
nut pulley being held at an angle to the axis of the sltcw barrel, 
a screwing action at a corresponding angle, 8S indicated by the 
dotted htlix line on drawing, ia produced; and when the screw 
pulley is turned round to a corresponding angle in the opposite 
direction, a reverse or left-hand screw motion will be described 
as indicated by the left-hand hci^w dotted helix line in barrel; 
and any intermediate screwing motion, iu either direction, can 
be described without changing the direction of the motion of the 
nut or screw, from a screw of an infiniteaimally small pitch of 
thread up to direct rectilineal motion on ends, 
• Figs. 2 and 3 are elevations of similar screw motions; Fig. 3 
showing a nut c^^raposed of two frictional pulley.*, placed at 
opposite aides of the screw barrel, in which position the contact 
pressure on the axis of the barrel ia neutralised, and double the 
effective contact thereby obtained. 

By increasing the number of nut pulleys, the adhesioD between 
the nut and screw may be increased to any required degree, 
without CJi using too great a pressure on the axis of the nut 
pulleys, although, for most purposes, two pulleys are sufiioieut 
and most convenient. Motions of this nature, chietly of an 
experimental cliaracter, as adaputions for feed traverning 
motions, for tools, &c., have been tried, but it would be tedious to 
enter into the details and racwitticHtious of these, the figures 
having been given chiefly to illustrate the principle of these 
motions. 

Fig, 4 is an elevation, and Fig. 5 a sectional plan of a frictional 
nut and screw, in which the contact pressure? is mriiutained on 
three sets of nut pulleys or rolls, and which resembles the 
common screw nut. Instead of working in l>earings, a tubular 
piece or hoop turned out truly, encircles the 8t>indles and rolls, 
and are ao adjusted to roll on the screw barrel at one yjointof 
their periphery, and directly opposite this pc»int to roll on the 
internal turned surface of the hoop. An arrangement is alsi> 
made to tighten on the hoop to any required pressure, and 
thereby a rulliog action, with pressure on the outside poiuta of 
the peripheries of the nut rolU, ia substituted instead of a 
rubbing nne on their axis, as seen applied to the necks of the 
nuts iu Fi^a. I and 2, 

The frictional screw barrel JX R, Figs, 4 and 5, is shown broken 
oflf ahttrt, and portion of the hoop S is also broken off, to show 
tbe arrangement for keeping the nut rolls in their oblique 
positions. 

The nut rolls, T. U, and V, have their diameters eul.ii^d at 
each end, and jmrtiona of the enlarged pinris turned slightly 
conic^il on the inside edge, seen in section in Fig, 4, by the 
enlarged part of the rollei U. The lower enlarged piece f, of the 
roller U, is moveable ou end, and is drawn on upon the internal 
iuclined eiig*:9 m and n, of the barrel Ss, so as to tighten itself iu 
lietweeu the screw barrel R, and the internal surf; tee of the barrel 
S. By thus tighlemngup the one roller U, it also tightens up 
the other two rollers T and V, giving any required amount of 
bite without cau^siug other than a rolling friction, which is very 
alight. 

To keQ\i the rolls in the requireil angulnr position, a guide 
piece, W, W, W, with the notches O, P, and Q, in the upper 
flanged pai-t for guiding the neckvH of the rolls, seen in Fii^. 5, and 
in bfctiou ill Fig. 4, at /, r, and *. Correspond iug notches are cut 
ont for tha nocks at eaclv end of the roll, and placed nbllquely lo 
each other, to give them severally a corresponding augulur 
position. The neck f, has upon it a tubular gl.and-piecc, which 
commuuictttei the pressure of the screw nut to the enlarged 
moveable part of the roller L, 
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On the hoop S being made fast, and the screw barrel R matie 
to revolve, the guide pieces W, as described, move round with 
the rolls at a reduced motion, and as it is out of contact with both 
the screw barrel JR, and the pressure hoop S, it moves round 
freely, as all the pressure exerted on the bearings formed in it 
for the roll necks is only such as is caused by its uwu weight, its 
action being simply to preserve the rolls in their due position. 

Nuts of this description can be constructed to give great force 
and with suihcient breadth of acting surface to have little 
tendency to wear, and ready means of tightening should it occur. 
There being no slack in the nut, such as must neceMsarily be the 
case in the common screw, ami the barrel being capable of being 
made quite rigid, this form of nut is likely, in the opinion of 
the writer, to become serviceable for certain forms of planing 
machines and tools, the screw barrel being made to serve the 
double purpose of traverse motion and slide table for supporting 
the tuols or body to be planed. 

Fig. 6 is a side elevation, and Fii;. 7 a plan of a set of rolls for 
straightening round bars, tubes, and similar articles, in which a 
frictional screwing motion is employed, and is an example of the 
use of this principle in positions to which common screws do not 
apply: the rolls here and machine generally, representing the nut, 
and the bar the screw, the nut being the stmighteuing rolls, and 
its function as a screw nut a secondary matter, the bars or tubes 
to be straightened — something not belonging to the machine at 
all; and this double purpose or nature, aftet a siiglit study, will 
be found quite chtiracterisiic of this principle of mechanical 
action. 

The first set of these ndls of a large size was constructed for 
the Barrowfield Works, of Messrs. li. Lnidlaw & Son; and after- 
wanls a large set for the Glasgow Iron Go's Works at Motherwell, 
which is adaptetl to straighten round bars in a cold state up to 
6j inches diameter, and which have now been several years in 
operation. There are other two sets in the neighbourhood of 
Glasgow used for straightening lap welded tubes of from 1^ inch 
up to 8 inches diameter. Those at the Works of Messis. A. & J. 
Stewart, of St. Enoch-lane and Coatbridge, being the tirst used for 
this purpose, and subsequently a larger set by Messrs. Eadie 
and Spencer, of London-street. Other sets fur England and 
abroad, made for similar purposes, and of late somewhat more in 
demand. 

Keferring to Figs. 6 and 7, the rolls A and B are provided 
with necks and coupling bosses, and are supported in the chenks 
C and D, which are firmly bolted to the sole plate E. The cheek 
has the neck bearings a and 6, in which the necks of the one 
end of the rolls are placed; and the cheek D has the correspon- 
ding bearings c and </, in which the necks of the other ends of the 
rolls are similarlv placed. 

On this end of the rolls, the coupling bosses G and F, extend- 
ing beyond the cheek, have angular working loose couplings 
placed on them, and the driving shafts coupled with them for 
communicating motion to the rolls. 

The bearings of the roll necks are placed in the cheeks to give 
the axis of each roll an inclined position, and in opposite direc- 
tions to each other. The l)earings or steps b and d of the roll A 
are placed in longitudinal slots in the cheeks, seen in Fig. 7, at e, 
and the bearing steps, b and d, are formed with sliding guide 
flanges to tit the slots, and are adjusted to any required position 
laterally by the strong set screws, J and K. Tlie weilge-shaped 
transverse adjustable bar or anvil piece N, passes between the 
cheeks in a horizontal direction ; its upper edge is steeled, and 
supports the bar or tube upon which the rolls are operating, 
keeping the centre of the bar or tube in line with the cross centre 
line of the two rolls at their mid length, the rolls being, as ile- 
scribed, inclined in opposite directions; but the bar they are made 
to ofHti-ate upon kept level, as seen in Fig. 6. 

The position of the supporting bar N, and the bar placed in 
the rolls, will be seen in Fig. 7, the eml of the supporting piece 
being shown at the centre of the bar O. This adjustable anvil 
piece or bar is secured in any |)osition required for the various 
sizes of bars; the smaller sizes requiring the steeled edge of the 
bar near to the roll B, and the larger sizes ]iro portion a tely 
farther from it. On the screws, J and K, being adjusted to take 
sutlicient hold of the bar to be straightened, .motion is given to 
the rolls in the direction indicated by the arrows b and m, and 
the bar is made to revolve in the opposite direction; while it is 
thus made to revolve, the angular position of< the rolls causes it to 
move or screw on end in the direction of the arrow p. By this 
/uotiua the bar or tube Is tftr^i^'htened byahurt rolls, every part 

/ 



sticcesively. as it passes through. The most suitable inclinatioii 
for the rolls for iron bars and tul)es is one in fourteen: for softer 
materials, where greater speed might be desirab'e, a greater 
angle could be used. The surfaces of the rolls have to be formed 
slightly hollow in the direction of their length, to form a parallel 
spiice between them for the bar; and for some pur^ioses can be 
bevelled out at the entering end with advantaj^e. 

Fig. 8 is an enlarged plan of a pair of rolls formed for straight- 
ening bars of an elastic natui*e in a cold state, in ci-nnection with 
Figs. G and 7. The roll Q, Fig. 8, is formed with its surface 
hollow, in the direction of its length, and the roll K, opposite it 
made correspondingly rounded, so as to make the channel formed 
between them of equal width, and curved when apart, and to fit 
each other when in contact. By [>assing a bar through rcdlsthas 
formed, it is subjected to continuous l>ending, and at every point 
throughout its length, so that elastic bars of iron, steel, or any 
other subsUince possessing elasticity, can be bent to the limits of 
the curve from which it recoils, and thereby, when a crooked or 
bent rod is passed through them, the parts that are high before 
entering the rolls are bent beyond the distance from which they 
recoil, and consequently they will pass from the rolls straight. 
Any bar possessing a nuKlerate degree of elasticity can be 
straightened cold in this way, and without requiring much 
power, as the surface of the rolls can have a greater curve given 
to tliem than is necessary, so that the bar does not require to be 
pressed hard between the opposite points of the rolls. Referring 
to Fig. 8, in which this action is illustrated, the bar S, is shown 
in Contact with the roll Q, at the points r and «, and in contact 
with the roll R, at the point /, whilst it is correspondingly out 
of contact at the points u and t?, in the roll R, and out of contact 
in the centre of the roll Q, at the point or position x. The 
|M)Rition of the rolls being as shown, and their motions aa 
indicated by the arrows y and z, the bar moves forward in the 
curved ])osition in the direction of the arrow q. 

In bar-rolling mills the bai*8 are usually put through the rolls 
from the forge rolls while slightly hot, but no heating is required; 
and in nnllwright's shops they are straightened in a cold state, 
and are delivereii from the rolls entirely straight. In ti^be 
works these rolls impart a fine finish to the tubes, the tubes 
being passed through the machine somewhat quickly, and hot 
from the finishing rolls; sandstone being made t^) act un the tube 
as it revolvi'S, the rounding, straij^htening, and finishing being 
all done at the same time. The tul)es or bai*s are passed through 
continuously, one tube following closely after the other, no 
adjustment of the machine being necessary for a fresh tube, onoe 
it is adjusted to a particular size. 

These rolls can be variously shaped and applied to the 
purposes of forging and shaping iron. Pieces of soft metal may 
be drawn out with them in part, and their action either re- 
versed or discontinued by being suddenly removed from each 
other. In this way they am be used for raising bosses on shafts, 
bolts, and similar articles, although this as yet has not been tried. 

Fig. is a side elevation, and Fig. 10 a plan of a frictional 
screw, in which a "speed ring" acts as the frictional nut. It 
affords a very direct means of transmitting the screw motion to 
the barrel, and bears a close resemblance to the common grooved 
nut. It has however, besides the proi)erties of reversing and 
varying the thread, the property of transmitting rotary motion, 
which is not possessed by the contmon screw nut, nor by the 
frictional nut described in connection with Figs. 4 and o. From 
its simplicity and quick action, this motion is peculiarly well 
suited for light boring, and boring substances like wood, as ]<y 
it the drill can be made to advance ti), and recede from, the 
object to be bored rapidly, and at the same time affords a yielding 
pres.'ture to the. drill, which can be intensified or reduced at 
])leasure, by the same handle that regulates and reverses the 
screwing action. The screw barrel A, Figs. 9 and 10, is similar 
to that described in connection with Figs. 1, 2, and 3, and placed 
in the bearing pedestals, B and C The internal diameter of the 
hoop D is larger than that of the screw barrel A, to give it the 
facility of twisting round in an angular position to the barrel to 
Tiroduce screwing action. It is lined internally with leather, and 
formed with flanges to keep its driving-belt in position. The 
driviug-belt E is placed upon the ring D, and disposed vertically; 
the belt being applied over an overhead <lriving-pulley : the 
taut of the driving belt E, kce)iing the internal surface of the 
driving ring D, in etfective driving contract with the surface of 
the screw barrel A. The bidt flanges of the speed ring D, are 
bevelled on their outer edg. s, and a pulley F, having correspond- 
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tog daogei bevelled from the toalde, Acta od the bevelled edges of 

iii^ ill the mmmer of a. wedge and groove pair of frictional 

^, The ptitley F, ia supported iu beariugs formed in the 

:5VTi.,rinQg fork O, wliioh is place-l npou t% stud pin H, simiUr 

to thAt dejk^ribed iq coDQection with Fig^. 1, 5i» and 3. A handle 

f i • Hxod on tlie fork, by mean? of which the fork O, and with 

pulley F, and apeeil rinj? D, are moved round to any 

]'Jg angle that may be required. 

Motiuii hffiug given by the belt to the speed ring D, in the 

direotian of the arrow a, and the ring set at au ani^le as ahowti 

in the direction of the handle I^ the b irre) A, will acrew on end 

^ the direction of the arrow c. On the handle I, being turned 

the poiilion shown at o, the a peed ring will be placed in a 

irUtel position to the barrel^ and the barrel will rotate without 

AoUoii on end. Ou the handle 1^ being placed na shown at ttie 

dotted lines P, and the speed ring placed in a reverse angular 

poiitlon, the acrew will move on end in the directioQ of the 

Arrow «, By placing two guide pulley:* on the speed ring in the 

•crew pitchfork, steaAlinesM is given to the ring when the barrel 

works in a vertical positi'jn; aiitl the guide pulleys a^n be placed 

At the two aides, inst,e.^d of under the ring as shown. 

There are several frictional screw motiooa analogous to the 
eoiDtaoQ worm wheel and worm screw, and which, in general 
uppeaniiice and arraugemeat, have little reaeniblance to each 
Other, 



In answer to questions relating to the action of the arrangement 

tbowQ by Ffg-j. 9 and 10, Mr. RoHBUTSiif siid that the speed 

ring D, was hn^se, and held by its driving belt in position. The 

driving frictional contivct of the ring on the barrel was produced 

by the taut of the belt, and the driving action thus obtained was 

a» j^reat as if the pulley were pasjjed over the barrel itself. Its 

niftiuifi nn end was reversed by the handle being turned to an 

Ltigle, as indicated on the drawing. The power or 

ion obtaiuable was more a question of power to hold 

/'ther than one of extent of surface. The screwing 

1 tted by the angle at which the speed ring waa 

u .. '. . i -h of acrew waa readily obtained from an mfini- 

tesJtniMv nni ^11 pitch Up to about one of one inch pitch. 

^■^ ' 1 ' 1 - K, had seen this motion of the speed ring working. 
4 in this application of it he would regard aa 
I ^- vus the angle at which it required to be held to 
pnxluce the torewiug action. 

Mr. RoBKRTsoN said, that in order t^ illustrate the action, the 

drawing showed far more angle on the ring than was required in 

practice. If ihe ring waa twisted one-sixteenth of an inch, it 

producf»d a screwing speed of about three-six teen the of an inch 

ev^fry prvolution. The motion ou end could be nicely regulated. 

Mr. J.\MBS R Napier asked an explanation of how the end 

prc&iure on the axes of the friction rollers, due to the forward 

motion of the cutttrs, Wiis disposed of, as shown in Figs. 4 and 5? 

Mr. l^:^aEBT8oN replied — that the cunLact pressure in this fonn 

of screw motion as explained, was obtained between the 

periphery of the screw barrel on the inside, and by the internal 

aurfjice of the surrounding hoop on the outaide, at the opposite 

paints of their iK^riphenes, so that there waa no pressure on their 

h*^*iirwT4 rir^i nofrictiou exccpt what was necessary to keep thera 

; positions. There was end pressure on the nut, 

...... 'A was small, as it was borne by the conical ends of 

the rolU at both ends of the nut. 

Mr. Jas. B. Kapier asked whether the principle, as illustrated 

by Figs, 4 and 5, h;id been applied to cut screws. The machine 

f *r boring, especially its application to timber, was very inge- 

and simple; but he thought that tt would be ditlicult to 

uwe of it in cutting screws of the same tliread over and 

over .'vgain. 

Mr !t<»rtEitTSoir said that^ in the form of screw illastrated by 
Fign. 4 and 5, the thread Wi*uld be obtJiined over and over again, 
at least pretty nearly alike in piti*h, and wouhl be uniform. He 
would exfM»ct, however, that noue of these motions could be 
depended upon to give the same pitch of thrend over and over 
*'""" ■" *^' *'" "xactitude of the common screw, which could only 

! fT"it it was alleged that, by giving to the screw 

speed, or over great pitch* the rolU would 

, ut the same pressure on end. For purposeii 

.12 "h '. h.f.h- iron, he thought this action, should it oocurj 

yrctilJ Lot l^e jtijectionable. 

Mr EoBSk'isoM aaid that the intenaity of the force exerted on 



end wnuld be ^reat or small in proportion to the presanre given 
to hold the surfaces of the rolls in contact, and which waa eaatly 
regulated. In boring, suppose the pressure given was just 
enough for the tool to wiihstaud, the action would be as de- 
scribed by Mr. Gale. In one instance, at the Glasgow Iron 
Works, he had seen the passage of the bar being straightened 
accidentally obstructed by another bar being left lying in its way, 
and indications were given of en<>rmous power. He should aay 
that iu straightening round bars of 6j inches diameter, the forc« 
on end would range from 10 to 20 tons. 

Mr. W, Smith said that it was well known that some of the 
Engliah roakei-a of bars made them straight and ready for use. 
If ttie Scotch makers could make them straight it would save 
£1 per ton. 

Mr FAtJtDB said that they were now obtained from tba 
Gla*»gow Iron Company straightened. 

Mr M' Donald said that he had used the bars from the 
Glasgow Iron Co., and found them quite straight. 



MATERIALS MOST APPROPEIATE FOR LONDON 

EXTERIORS. 

By J. Douglass Mathjtws, A.R.LB.A, 

f ConHnuid from pa^f 5. ) 

A great disadvantage in the use of iron externally, is that it 
must be frequently painted, as without this means of preservation 
it will soon corrode, by the action of the atmosphere. 

One Oyher substance requires notice before diamiaaiog the 
subject of conalructive materials, Wood was at one lime iise<l 
wholly iu London buildings, now it is almost whoKy abandoned 
in external construction. The Building Act contains no clause 
forbidding its use in bre-ssurtiraers, atory poat«,and shop fronts 
nor ind'.'ed, iu any way, provided it is set back 4^ inches from 
the extern.il face of tho wall. It is now an acknowledged fact 
tbrtt, iu case of fire, wood is a safer and stronger material than 
iron, and its resistance to the weathePi so long aa it is preserved 
by paint or otherwise, requires no argument It readily admits 
of curving and other ornament, and bears a treatment peculiar to 
itself, wiiich gives at once a domesticity which cannot probably 
be equiiUed by any other material. Frequently the judicious 
design of a shop-front and the windows of the upper stories, will 
givo great character to an otherwise plain building. It can be 
employed with the greatest ease and i-eadineas, but the chief dis- 
advantage is the cost of triennial painting. 

Hiiviug now considered some of the principal materials 
adapted tor the construction of buildings, it is proposed in the 
second place to bring under notice those appUcanle for external 
decoration. And although, as a rule, the use of superficial 
ornament cannot be advocated, there aru cases (and those not of 
unfrequeut occurrence) when it becomes an absolute necessity; 
whether it shall assume the appearance of some other material, 
ftud thereby prove a sham, or whether it shall have a treatment 
peculiarly its own, is a question for the architect to determine; 
but there seems no reasou that, by its judicioua use, it may not 
bear th e sta m p o f t r u t\ i f u I neas. 

In no material ia the want of a distinctive treatment more felt 
than in Cement. No other has been more abused, and no other 
has been applied to such base purposes. When it is used as a 
coating to cover a multitude of imperfections in bad building, or 
so applied ornamentally as to lead people into the belief of 
being another materiiLl^ no words can be strong enough to 
condemn its use. In Louduu there are m^uy kinds and qualities 
of cementa manufactui^d, but that known as Portland has the 
charucter for standing the best, and certainly has the best colour. 
The chief requirements in its manufacture are, that the in- 
gredients are well and properly mixed, thoroughly burned, and 
ground to powder. Care is required in working that it ^et^ 
properly, and that one coat is sufficiently hard to i-eeeive the 
next, aud that no frost attacks it while in progress, or before it 
is thoronghiy st'L It requires pain ling occaaionally, or otherwise 
preserving, as without this the weather penetrates the onter 
coating, and destroys its affinity for the one below, aud con- 
sequemly soon peels oS. Some of the legitimate uses for cement 
appe^ir to be, margins for ceramic panels, mosaics^ &c., and 
piiuels and tlat surfnces generally. Incised ornament seems 
moat applicable, nud the introduction of a coloured cement 
oruament^ in a Portland cement ground, would be effective, if 
some preservative process oould ensure discoloiiratiQn.t ^UivU 
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for which have been obtained, but are not in genenjl use. As a 
rule, applied ornament in cement should be rejected, as |n"C i ol 
that now in existence will sooner or later lose its key, and fall by 
iU own weight. A painful instance of this occurred recently in 
the Strand. 

Scagliola has of late been much used in interior decoration, 
and although the imitation of marbles cannot be recommended, 
yet the same materials are applicable to oruamentalion of 
another description, and there seems no reason why the material 
may not be used externally. The manufacluru consists of plaster 
of Paris, or any 6ne uncoloured cement, free from grit, which, 
when wette<l, ia carefully worked by a trowel or smooth stone or 
slate; the colour, consisting of acid, is then iutrodnced, which eats 
itself entirely into the material. Tt is then rubbed down with 
fine grit stones, and finished by a rubbing with snake-stone, till 
it receives a beautifully even polish. Keene's cement is said to 
stand the atmosphere by combiniug cop])eras in its preparation. 
If 80, an artistic and che:ip material for decoration may be 
obtained. 

High art has not, is not, and it is hoped never will be, 
sufficiently cheiip to employ piiintiiig as an external decoration. 
The process of water-gliiss f)aintiiig may stiiud the London 
atmosphere, but it is a very great question, especially as so much 
depends (.n the chemicU cimi positions of the materials employed. 
With so much speculation, there are few men who would go to 
the expense of the triiil, and, unless the paintings were really 
works of art, more harm would be done than gooil. The general 
narrowness of the streets would also prevent paintings being seen 
to the extent they ought to merit. 

The advanUiges and disailvantagos in the use of granite, 
serpentine, and marbles, have been eummerated in the former 
parts of this essay, and apply equally to supeificial as to 
constructive ornament. 

Slate is a material that might be more generally used in a 
decorative manner. For roofing, it will scarcely need notice, for 
although a material in rx)ndon exteriors, the roof is generally so 
high from the street :is not to warrant the bestowment of much 
expense in any novelty in the covering, and few materials are 
better than slate for this purpose. 

Siiwn slate might well be used in panels, cornices, simple 
moulding:^, &c. Its colour is good, and will harmonise well with 
■tone aud brick. Enamelled alate opens up a wide fiehl for 
design, and is a material likely to stand the weather. Care, 
however, should be taken that the arrises are protected, to 
prevent chipping. 

There are not wanting indications of a revival of pottery, 
adapted to the purposes of .irchitecture, though whether any of 
our English potters possess the genius, or have caught the spirit 
of Lucca del la Hobbia, and the other great Italian artist potters 
of the middle ages, is unfortunately more than doubtful. For 
this revival the country is much indebted to the untiring 
exertions of the late Josiah Wedgwooil. Miss Meteyard, in her 
liifiMif Weilgwood, wiys, " he had one great disappointment in his 
artistic Iift\ lie wished to induce the architfots of his day, 
amongst them the brothers Adams and Sir William Chambers, 
to introiluce terr.vcotta ornaments and bas-reliefs into facades, 
and other (larts of houses and buildings." At that time the 
effect of the London atmosphere was not so apparent in external 
materials as at present, antl therefore the need of terra-cotta and 
other weather-proof materials, as adjuncts to design, was not so 
much felt as now. 

The decoration of a building with majolica pauels, friezes, 
pilasters, i&c, and encaustic tiles, is well worthy the attention of 
au architect, as by their use he may obtiiin an imperishable 
material. The chief objection however is, that having no other 
fixing than cement, the weather can easily find its way throu({h 
the joints, and in course of time destroy the key. ^Ir. Digby 
Wyatt, at a recent meeting, suggested the formation of a small 
eye at the back of the tile or plate, to receive a hook of wire or 
other material, to be built into the brickwork, so that no danger 
might be apprehended in their use for external decoration. If 
used in a panel, an iron, slate, or wood l)ead, or moulding, nught 
be fixed, to form a stop. Machinery has lately been usoil in the 
proiluetion of encaustic tiles, the benetit of which is apparent 
from the fact, that tiles of two colours may he produced at a cost 
of l\d, each. Although at present in its infancy, enough has 
been accomplished to show that encaustic tiles may he as cheap 
^mi pJeiititaJ an commou bricks, and, on acouut of the J ncreasing 



love of colour and ornament, will sooner or later lake the place 
of cement. The process of manufacture is exceedingly sisiple, 
and any design that may be desired can be worked out at a very 
small charge. ^ ^ ^ , 

Majolica will, however, find the greatest favour as a means of 
external decoration. Being capable of production to any reason- 
able size, it will remedy to a great extent the fault in tiles, viz., 
the frequency of joints. It can be ornamenteil to any extent, 
from a simple stencil to the most elabi^rate painting : by its use, 
grace and beauty am be given to a design at a comparatively 
trifling cost. In iU manufacture the prepared clay is moulded 
to the required form, then allowed to dry and harden, and after 
which it is fired in the same way as terni-cotta. The design ih 
then painted in colours, which when fired in, produce the coloure 
and glaze at one and the same time. 

A process litis lately been patented, whereby drawmgs may be 
made in crayon, by artists or amateui-s, on porcelain, aud after- 
wards bumt'in various colours, and glazed. 

There is still a want of a cheap cemmic material stimewhat 
proportioned to the cost of common jdales and tlishes. The chief 
exi)ense is the drawing. In the last-named articles the pattern 
is printed and transferred to the biscuit. If instead of printing 
the design to be producetl could be drawn or traced in some 
fatty substance, which would adhere to the biscuit, a great end 
would be gained. A common stoneware moulding has Wen used 
in severarstations of the London, Chatham, and Dover Railway, 
but the colour is so ugly that its use cmnot be advocated : at the 
same time, it has shown that a common glsizcd material may be 

The potter's art seems to have now been brought into 
such general use, that most of the man u fact urera have their 
hands full of their own ]»articular de8«'ription of work, and 
consefiuently unable to devote much time or labour to the 
development of original sugi^estions. This is to be regretted, as 
a wide field, especially in counection with architecture, is open to 
any one practically acquainted with the art, and with somewhat 
of the undaunted spirit of Josiah lrVedgwoo«i. 

The increasing use of Mosaic, jis a »n; erficial ornament, 
demanils a short notice. Whether it be in tile or glass, it is 
equally durable as a material, and ornamental as a decoration; 
but with whatever success it is used as a means for internal, it 
cannot be recommended for external, decoration. It is a question 
also, whether it is desirable to bestow so much minute ornamen- 
tation and expense on an exterior, and which must to a greater 
or less tlegree give a smallnes^s to the design, rather than breadth 
and holdn'ess. But apart from the question of taste, the mode of 
fixing will prove a great drawback to its extensive use. The 
ditficulty complained of in tile fixing applies in much greater 
extent to mosaic, owing ti> the large number of tessorte used. 

I^ead might occasionally be advantageously emi>loyed ornamen- 
tally, being a very acconimodating substance, as for instance in 
cast or stamped enrichments, ap|>lied to either wootl or stone, the 
leatl cisterns and (»ther works of our forefathers a century ago 
proving its ability to stand the I^mdon atmosphere. No other 
material can equal it as a covering for flats, gutters, &c. 

Zinc, also, may be very servici*able where stamped decoration 
is required. It can be minutely cut, is very light, and conse- 
quently easily fixed, and, if good, will stand the weather. It forms 
a good rooting material if properly laid, and under certain con- 
ditions. , , . 1 • r 

Glass is a material which enters largely into every design tor 
a London building, often to so great au extent as to cause much 
regret to the architect. Clients freciuently make a great mistake 
in insisting on s.> much glass in their designs. Less would in 
many cases meet all the requirements for light, and make the 
rooms more ])rivate and comfwrtable in sumim*r and winter; but 
,as before observed with inui) it is a necessity, therefore 
the architect slmnld use every means to make it accord with the 
other portions of his design. It fiequentiy happens, eR|>ecially in 
shop fronts, that the tradesman is desirous of having as imposing 
a sho]) as |)os8ible, *'goes in" largely for plate gljiss, but the very 
thing that he desires tlie most beonifs his greatest trouble. Few 
men** have goods sufHci 'Utly large to fill a window with high 
plates of glass, the greater part of the goods being exhibited as 
near the eye as possible, while the upper part is left almost bare. 
A means of getting over this difiiculty may be, to engrave, or 
emboss, the uj)iK?r portion of the glass, by which means, an 
opportunitv is affordeil to obtiiin a more solid and united 
appejirance to the general design, lucrusted ghuis might be lucd 
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I'ith much effect, whereby ornaineat or letters are drawn upon a 
1 'f r*f of gtns3 wtli R vitrified black paint, and borot in; the 
,f i.rH.cil glass is introduced at nearly a red heat into a glass 
J 1 :\ijt, tijti Hir is then exhausted, and the opening dosed up. A 
^n u.u [i(<M**?3s will preserve porcelain or other cameos, which 
-vL L:tvAt care mii^ht be iatro<luced in portions of buildinj^a. 
B iTi:: ^ iid they wuuld not easily break, and woold have the 
s\i "I'l ml advuuUige of being thoroughly imperishable. 

I vantages and cnpabilitiea of i>aiut are too well known to 

Ti in lent, but it is somewhat strange that so little poly- 

nd arii:^tic feeling La uaed externaUy, while it is now so 

ised iotematly, 
^; kTonsidered London exteriors, and aome of the materials 
«t adapted for them, a few suggestive hints on their deaigti may 
ot be oat of place. 

It must ever be remembered that lieauty will never be wholly 
obtained by the use of certain materials. The design itself must 
be pare — and proportionate, while the materials used are of the 
greatedi icaportanoe to the appearance of a baildtng. They must 
oerer be allowed to take the place of form and proportion in 
deaigii. A buitding, to lie Batisfactory^ should always look well 
a drawing without the c*ilours of the matennla being shown, 
architecture should never be dependent ou colonr, but rather 
at, as an accessory, it shoald serve to heighten and eorlch it. 
Colour most enter to a greater or less degree in all designs, and 
It is fervently to be hoped that it may be more used than it has 
been liitherto, but great care is needed that it may not become a 
snare. Harmony m««t he carefully studied, so that a building 
may form a whole, and not a number of bits. This is especially 
applicable when idea <ir mosaics are used. Where non-absorbent 
laaterials are used, the whole facade should be carried out with 
them^ otherwise the soot and smoke will discolour the poi-ous 
materials while the others will retain their colour, and stand oat 
with a glare, thus deatniying all harmony of parts, 

Erery building should be designed with especial reference to 
lU sitaation; as, for instance, large and heavy prigecUona, pro- 
■ iht and shade, will be entirely out of place and useless 

I i Qg with a northern aspect. Coruioes are great tempta- 
tiiviiM, wai generally, on acccmnt of the narrow nesa of the streets, 
and the limited space for light, they should be avoided, and the 
ti ailding, as a rule, being high, the npper part is scarcely v.sible 
lo aa nrtlinary passengen The want of them is frequently more felt 
i n A d rii w i n ff tha n i n real i ty, A 1 1 m a te rials ah ould be used t r u th f u 1 ly ; 
i! t of the construction, they should so appear; if deorative, 
should be 80 apparent -as not to be mistaken fur a part of the 
Btructure. 

Utiiitff most be the motto of a London architect This will 
prfs^rtj*! upon him by alt his clients. Every building should 
Iherefore he fitted for its intended uses. Precedent should never 

00 6ir ii Ammei bira as to affect a client's interest, and, besides, a 
^eat field is open to all architects of the present day, to give to 
town build itiga a distinctive character, and which can only be 
done by muck careful study, both in design and materials to bo 
employed. Were these points moreattended to, we should have little 
need for a " nineteenth century style," as the variety of require- 
ta ents woiild give ample opportunity for variety and development 

of design. 

In these days of cheap travelling, much information may be 
twined by observation of baildings in other places, aa there are 
^iew wiivsi in which provincialism is more apparent than in build- 
|isg 1 and their mode of setting. 

hi fii. — In the foregoing essay, it is not pretended that 

be whole of the materials adapted to London exteriors have 

fjbten noticed. Indeed, there are many materials ami processes 

-ji^fneely known beyond the Patent Office; and it is much to be 

^Mtgitttel that there does not exist in London an exhibition of 

f ^ and inventions adapted to building. Those of the 

ural Galleries, and the South Kensington Museum, 

: want to some extent; but until the whole is brought 

1 -in a building where the architect may judge for himself 
ai uiH (|uality and expense of the materials, and compare them 
one witli the other, prejudice in favour of the old-fashioned 
^'' ''^ Will continue. And further, manufacturers would 

find it to their interest to put architects in possession 
i rices, aa many are deterred from specifying articles not 
[7 ; : : y id Dse, for fear of the cost being excessive. 

1 'Ti not possessing the richer materials abounding in 
<^'' ' ^, thore are lew that offer to the architect so great 

'^ ^ ' lilding materialaaa our own highly^favoured land. 



From such he can make his own selection* and, in so i]< 
should give the preference to those which will etlectually i 
the London atmosphere, so that his buildings may retain truir 
character and colour long after they have passed out of his hands, 
and the builder and architect have msaed away. 

In the course of the paper, Mr Mathews alludiHi to specimens of 
MansSeld Stone, exhibited by Mr. Lindley; Little Caster ton Stone, 
by Mr. Simpson; Patent Concrete Stone, by Mr. Rauaome; Patent 
Compressed Bricks, by Messrs. Bodmer; Glared Bricks aud 
Tiles, by the Architectural Pottery Company; Bricks, Tiles, and 
other Terra-cotta articles, by Mr. Blashfield, of Stamfortl; and 
Machioe-made Encaustic Tiles, String-courses, and Majolica 
"SVare, by Messrs. Scrivener, of Hanley, StaHbrdshire. 



Mr. Blashill, in moving a vote of thanks to Mr. Mathews 
for his paper, observed that any material which required paint- 
ing, could not be considered satisfactory for the purjwses cf>n- 
teraplated in the essay just read. Highly poliahed materials 
were only desirable in special situations; for general purposes, 
smooth and hard mtiterials, somewhat of the character of rubbed 
Portland stone, were required, as they could undergo washing, a 
process it would be, in towns, highly desirable to apply to our 
statues, as well as our buildings. Such stone was in ornameotal 
work to be preferred to brick. Large sums were often lavisbeit 
upon polychromatic designs in cut and rubbed work, which in 
London did not become mellowed, but actually obscured, aad 
could only be considered as temporarily ornamenta). 

Mr. Leiuox seconded the vote of thanks. With regard to 
terra-cotta, he had found the great defect to be the twisting 
in the burning, which altogether spoils the straight lines of the 
design. He olaaerved that price was au important considenitioii; 
fi(»tne manufacturers offered to (supply terrs-cotta at one-third the 
price of stoue, but the quantity and amount of repetition affect 
the |irice materi.'illy, aa the chief expense in the manufacture i^ 
the moulding. He suggested that the new Metropolitan Fire 
Brigade might be employed in washing the public buildiugs, and 
that St Paul's would be a good one ou which to commence opera- 
tions. 

In answer to a qnestion, Mr. Mati4KWs said that Minton 
made bricks or tiles which would work to a less thickness than 
three inches, but they were all glazed. 

Mr. J. K. Colling (visitor), on being called on from the chair, 
said he had great pleasure in seeing the tiles and majolica 
exhibited by Mr. Scrivener, which had been manufactured by 
machinery The great drawback to the use of terra-cotta arose 
from the effects of the burning. In manufacturing tiles for wall 
decoration, some more edective manner of forming a key ought 
to be adopted than that now in use. 

Mr. E. J. TAnvEB had seen some good pargetting at an old 
gi'ange known as Calais Court, near Broadatairs, in which effect 
was obtained by inserting white cement of various patterns in 
the rough cast, which was veiy dark, thus forming a pleasing 
contrast. This he considered suggestive of a legitimate mode of 
treating cements externally. 

Mr. BiDDETT thought tiles might be manufactured in larger, or 
rather, longer pieces, than was now the case, and that they might" 
be secured in grooves in the brickwork, or be used to supei-sed© 
the cement reveal to our windows. Some of the rougher kinds of 
mo-iaic, he thought, might be advantageously employed. At 
present it appeared, from his observations, that induraUng 
prooesses, applied to stone, required repetition at intervals, to 
render them in any way usefuL 

Mr. Florence defended to some extent the use of cement 
architecturally treated, as gootl Portland cement was more 
durable than many stones. He considered effect might be 
obtained from a simple manner of painting our buildings, with- 
out having recourse to the higher branches of the art, and desired 
meml>ers to study the perfecting of old materials, rather than the 
introduction of new ones. 

The P&EBmsvT (Mr. R W. Edis), in putting the vote of 
thanks, expressed his opinion that the essay contained many 
valuable suggestions; but although freedom of opinion most 
be allowed, he considered it necessary to protest against the 
manner in which many materials, and eminently cements, were 
uaoii, so aa to amount to a practical lie. That which gloeaes over 
any monstrosity, such as bad brickwork, u bad in the extieme. 
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All cast orDWuent must, from its nature, be without that feeling 
which givea the value to true ornament; and tetTa-oi>tta, he had 
found, from painful experience, had the further defect of so 
warping during the baking, as to render its use verj unaalia- 
fftctory, 

The vote of thanks was unammouslj passed, and Mr. Mathews 
replied. 



AUTOMATIC TELEGRAPHY* 

B7 ALRXAITDEIt BaIK. 

fnimduetory Hemarki, 

ELBCTRTcmr is, unqaeationably, the moat extraordinary law or 
force of nature. It exhibits its preienoe everywhere and in 
everything by the effects it produces; we see the effects in the 
air, the sea, and in the more solid materials of the earili; anil, 
although we cnnnot see the force itself, we weigh it as it were in 
the balance. We can produce ite effects by simple friction or by 
change of temperature, by chemical action, 01 by the motion of 
magnetic bridie«. We can proiluee arti5cial currents for short or 
long periods, perhaps for any duration of time; already they 
have been iu Ci^mstant and uniform action for upwanlii of twenty 
years, and have performed well the duty assignetl to them, 

ft would, however, be unwise in us to imagine that all the 
etfecta of this most ambtle force have been discovered; it is more 
probable that it silently produces iu nut are many effecta which 
are not observable by our senses, or at least have not yet been 
diicovered. But, be that as it may, the effects which we have 
already becoras acquainted with have led to many important 
results, cand are still leatling onward to greater achievements; 
and of all the purposes to which this force have been applied 
the telegraph seema to be the ranst woniierful. It is now capable 
of eonveyifia^ our thoughts huuilred?* of milea far faster than we 
can think them> and many times faster than we can write them. 
In doing this it will travel overland through conductors and 
back again by similar paths, or it will travel out by the earth or 
sea and return through other conductors, or it will travel out by 
conductors and return by the earth or sea. It will print our 
thouglits on paper in common type, or it will merely exhibit 
them to the eye. It will write autograph letters hundreds of 
miles away, and it will draw our attention by audible sounds. 
It will tell tuariuiirs at our seaports the exact Greenwich time to 
less than a seooud by the fulling of a ball, whereby they may 
regulate their chKinnmetera wiihout leaving their ahipa. By it 
we can regulite all the clocks iu a town, *n' even work them 
throughout the wliule kingdom, or find the longitude of places 
with far greater accuracy than could ever be done before. By it 
we can sound the deej>edt sea, and it will tell the mariner the 
instant the lead touches the bottom. It Cfin work the machinery 
of our li^^hthoiisesand protluce the light at the same time, besides 
Oiany more purpo<ies of utility too numeraus to be described here. 

Of all the effects produced by this force, magnetism has 
hitherto been the most extensively used for telegraphy. This 
seem*! to have artaen frnm the fact of its being more easily applied, 
and for some special purposes it is unquestionably the best; for 
instance, for the purpose of working the tratficof nulways, where 
but few signals are necessary to be tninsmitted at one time, or 
between esLablishments at moderate distances, where but few 
messjiges are sent and but a few wo^ds in each, there can be 
nothing betiur used than electro-magnetic instruments, which 
can be iu the form of ietter-showing apparatus, so that any one 
can Work them without previous teach iniif. 

But when we Cfime to general telegraphs for public use, which 
are often hundreds of miles in length, and the messages very 
numerous and often very long, the case is far different, and is 
presented to us in a very different aspect. Here, for various 
imporUnt reasons, which will he presently explained, we find the 
chemical effects of electricity are far belter for our purpose thau 
the magnetic effects. 

Automatic Ttltgraphj, 
Antmnatic lele;2frnphy consists of methods of transmitting and 
receiving pn'vionrtly-t*ompo.sc»d messages between distant places 
by means of self-acting machinery iu connection with electric 
circuits, and where pioperly carried out it is distinguished from 
common telegraphy by the great celerity with which messages 

* R«ad before tb« Sockt/ of ArU. 



can be sent and received, as well as by the great accuracy it 
ensures in the transmission and reception of intelligence. Indeed^ 
the advantages it offers baa appeared to the writer of this paper 
eo vast, that he has devoted to it much thought^ time, and labour. 
He was inducetl to do so from the following reasons, viz., seeing 
that the action of the human band, however expert, could never 
take a tithe of the advantage of the speed of electricity, and alio 
that the use of numerous wires was very objectionable, io ocwi- 
sequeuce of the iocreaaeil expense, but far more so from the gre^t 
difficulty of obtaining good insulation among many wires of greafc 
lengths. At the time he first turned his attention to the subject 
of electric telegraphy, several wires were used for each pair of 
instruments, and never less than three; in consequence of which 
he endeavoured to contrive methods for reducing the number of 
wires, and soon succeeded in producing instruments capable of 
working on a single circuit, and afterwards succeeded in working 
with a single wire, having di«cover«d that the earth might Ims 
used with gt*eat at! vantage for one-half of the telegraphic circuit 
As this property of the earth is unquestionably a most extra- 
orclinary phenomenon, and still remains a paradox even to 
scientific men, and plays now a moat important part in telegraphy 
throughout the world, and as the discovery has been inde- 
pendently made by others as well as the present writer, it will b« 
well to give the ideas of scientific men respectinj^ it For iostaiiot 
the writer on mathematical and physical science in the * Enoy- 
clopaodia Britanuica,* eighth edition, vol. 1, p. 986, observMp 
under the head of ** The Earth Circuit,*'—" There is one cii-cum- 
stance connected with the electric telegraph deserving of par^j 
ticular notice, 1 mean the apfiarently infinite conducting power^j 
of the earth when made to act as the vehicle of the return curreut. 
Setting ^\\ theory aside, it is an unquestionable fact that If % 
telegraphic communication be made, suppoae from London ta 
Brighton, by means of a wire going thither, passing through a 
galvanometer, and then returning, the force of the current shown 
by the galvanometer at Brijjhton will be almost exactly doubled^ 
if, instead of the return wire, v/e eata)>lidh a good communication 
between the end of the conducting wire and the mass of the earth 
at Brighton, the whole resistance of the return wire is at one© 
dispensed with. This fact was more than suspected bj th 
ingenious M. Steinheil, in 1838, but, from some cause or othei 
it obtained tittle publicity; nor does the author appear to hav 
exerted himself to remove the reasonable prejudice with which 
so singular a paraiiox was naturally received, A moat ingenious 
artist, Mr. Bain, established for himself the principle, and pj 
claimed its appUaition somewhat later; and in 1843, perhaps 1 
first convincing experiments were made by M. Mateucci, at Piaa.' 

Again, Lai-dner observes that, "of all the miracles of saieno 
surely this is the most marvelloaa. A stream of electric flui 
has its source in the cellars of the Central Electric Telegrapl 
Oiiice, Lothbury, Loudon; it flows under the streets of the gre 
metropolis, and, passing on wires auspcLded over a zigzag seri 
of railways, reaches Edinburgh; where it dips into the earth, an* 
diffuses itself upon the buried plate. From that it takes flight 
through the crust of the earth, and finds its own way back to th 
cellars at Lothbury.'' 

Instead of burying plates of metal, it would be sufficient ti 
connect the wires at each end with the gas or water-pipe* 
which, being conductors, would equally convey the fluid to lb 
earth, and, in this case, every telegraphic despatcli which flieM 
to Edinburgh along the wires which border the railways, woiih 
flyback, rushing to the gas pipes which illuminate Edinbur^;^ 
from them through the crust of the earth to tbe gas -pip 
which illuminate London, and from them home to the batteri^ 
in the cellars at Lothbury. 

Although the automatic system has met with much opposllti 
and neglect for a period of nearly twenty years, the writer thin 
the time la fast approaching when the increasing requirementa 
the public will compel its general adoption; indeetl, this neeeaait] 
is parti :d!y sliown by the number of telegraph inventors wht 
have brougfit forward machines on the same principle duriuj 
late years; but it is more clearly shown by the huge doubf 
ranges of numerous wires we already see stretched 10 all <Hria< 
tiona over the country, causing a vast (first) outlay, ami a cof 
tinual unnecessary exj>ense to keep in order; but, setting tl 
matter rjf csost aside, let us look at the working effect. It is w( 
known that in d;imp and foggy weather, however well iusulati 
the wires maybe, small portions of the electric fluid will esc^p 
from wire to wire, at all the points of suspension, and often froi 
one to all on the same line of posts, especia Jy between tli 
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\^t ^tkd ahorter wires, causing confasion AtnoDg the inBtru- 

oient^ oiid this cod fusion \b greatly iaoreaaed wbea maoj 

itrtiiDeiiLs &re working at the same time. 

Ag&io, when storma arise, numerous wires, especially when 

lettT to each other, present so large and compact a surface ta 

'le gale, that they are far more liable to be broken down than 

i« or two w«iuJd have been, especially when snow or ice collects 

n them. Should this take place to a considerable thickness^ 

heavy gale muat exert an enormous force against them, so 

much ao, that the post or wires must give way (as has recently 

happenttl), very likely both. And when such a disaster takes 

place, what La the result? Why, it will take as many weeks as 

,t would days were there only one or two wires to repfur> &iusing 

1 immense loss to the public, as well as to the companies 

lemselvea, leaving the great coat of repairs out of the question. 

Yet notwithstanding these well known facts, these double 

ranges uf many wires are stretched within a few inches of each 

ler for hundreds of miles amidst the humid air of this country, 

ng numerous wires the fluid has thousands of chances 

tpinv; from one to all, or any of the others. These chances 

variably st*ize<l, and hence deranged action of the instru- 

U^ causing mistakes, repetitions, general confusion, and 

coiMoquent delay, and every additional wire put up only adds to 

the difliculty. In consequence of the foregoing reasons, the 

chief object of every telegraphic engineer should have been to 

contrive instromenta of the ffreatest possible celerity, for the 

purpose of doing as much work as possible with a single wire. 

With a view to that end the writer turned his attention to the 

subject of automatic telegraphy at an early date, and in 1843 

Mted an automatic copying telegraph. Diagrams of these 
iment^ are shown. They consist of two powerful pendulum 
I, and two smaller pieces of clockwork; these last areniovedby 
wetgots, which consist of metal frames, in each of which is placed 
a pKte, N, composed of conducting and non-condncting materials, 
in the following manner :— A frame is tilled with short well-in- 
sulated wires parallel to each other, and then tilled in with sealing- 
war, so that the whole forms a perfectly compact body; the two flat 
surfaces are then ground perfectly smooth, and are permanently 
fix<d in the metal frame at the back of the plate, in which may 
he placed either a composed form of printers* type«, or any other 
siimce which maybe desired to be copied at a distant aUitlon, 
and cbeuiiciilly pr«*pared pa|)er at the receiving station. Each 
the peoduluma carries a met'illic arm, the points uf which act 
Imceri on the sui'faoe. Now let us suppose one frame filled 
ilh a previously composed form of printers' types, aud the 
frame with chemically prepared paper. The electric 
t will flow from the positive pole of the battery to the 
from thence through the small wire to the tracer, up tlie 
' m to the long telegraph wire, down the pendulum rod of 
" ring instrument, through the tracer to the short wires, 
thence to the chemical paper, forming thereon a series 
' ^mall dota, correspond ir>g with the forms of the types at the 
amitting station. The magnets to the left of the clock move- 
leoU releajse the small clock-work, so as to allow the framei to 
•op through a small space at every vibration of the pendulums; 
le pendulums rei^ulate each other at each vibration to the left. 
The writer believes that this was the fir^t copying telegraph 
ever contrived, but as the plan required that all the iustrumenU 
should go «inc!ironously together, or that several wires had to be 
T l either of which he soon saw would produce too many 
iltifs l>r practical use, it was proceeded with no further, 
i.4 only noticed here to show that the invention of that chiss 
scientific toys, called copying telegraphs, is much older than 
tnmgiue. 

ing by the foregoing efforts gaioe^l much experience, 

Igh lie arrived at little satisfactory results in automatic 

phy, he had decided to compose the messages in some 

_ telegrafthic chardcters by mechanical means j and after 

luch Liboar, and the trial of many methods, he was fortunate 

gh Tn hft upon the plan of composing the messages by means 

lupa of perforations on paper, in such manner 

ijj represented a letter, numeral, or other sign, 

ih h.L--" lumed out to be a ra^st simple and efficient plan. At 

the punches were operated by hand, without the aid of 

inery, and the woikiog was conscfiueutly nither slow; but 

riter having subsequently contrived rartchiaery for the 

le, »hey can now be worked with great rapidity. 

0( nil thw known elTeots produced by electricity, the chemicjd 

li found by the writer best suited for autoiiiatic telegra- 



phy, principally because it is quicker in its action than any other, 
having nothing of ponderability to move, and consequently no 
inertia to overcome. 

Electro-magnetism, it is true, would answer to some extent, 
but in that case ponderable bodies had to be moved with great 
ra^/idity by the electro-magnetic force, and on long telegraphic 
lines, the force being small, all the mechanical actions produced 
by it must be uf necessity very delicate, and require fine and 
delicate adjustments, which have to be often varied with the 
varying strength of the currents. Besides, delicate mechanical 
actions are always liable to get out of order; so that, after much 
thought, and numerous experiments with the magnetic as well 
as the chemical effects of electricity, the writer decided to use 
the latter only for his automatic system, as the currents would 
have nothing to perform but decomposition at the point of the 
chemical pen, the machinery being worked by other power. 

In order to show h'iw the chemical property of the current 
may be made to produce visible marks or signs, let us supijose 
a sheet of paper, wetted with an acidulated solution of ferro- 
prussiate of potash, and laid upon a plate of metal, and let the 
point of a steel or copper style be applied to it so as to press it 
gently against the metallic plate. Let the style be now put in 
metal lie connection with the wire which leads to the positive 
pole of a voltaic battery, and let the melalUc plate upon which 
the paper is laid be put in connection with the wire which leads 
to the negative pole. The current will, therefore, flow from the 
style through the moistened paper to the metallic plate, and it 
will make a blue or brown spot thereon according as the style is 
of iron or copper. 

If the paper be moved under the style while the current flows, 
a continuous line will be traced upon the paper. If while the 
paper is thus moved the current is permitted to flow only duriDg 
intervals of long or short duration, the paper will be marked 
with lines long or short, according to the intervals during which 
the current flows; there being no mark made during the suspen- 
sion of the current The long or short lines thus traced upon 
the paper will be separated one from another by spaces more or 
less wide, according to the lengths of the intervals of suspension 
of the currents. It is evident that the same effects will be 
proiluced, whether the style be at rest and the paper moved 
under it, or the paper be at rest and the style moved over it. 
The paper may be moved under the style by %'ariou8 mechanical 
expedients. It may be in the form of a ribbon coiled upon a 
roller, and drawn under the style, which was one of the writer's 
6i*st plans; or it may be in the form of a common square sheet 
and wound upon a cylinder, to which could be given a revolving 
motion, and at the same time receive a slow motion in the 
direction of its axis, so that the courTse of the style upon it 
would be that of the thread of a screw or helix; this was also one 
of the plans the writer adopted in his early experiments, bnt the 
plan he has found most convenient in practice is to cut the paper 
into the form of circular discs, about 18 or 20 inches diameter, 
and after being chemiailly prepared, any required number are 
liiid upon a metallic disc of equal size. To this disc is given a 
motion of revolution round its centre, in its own plane, by clock- 
work, or any other convenient power, while the style receives a 
alow motion directed from the centre of the disc towards its 
edge. In this case the style traces a apiml curve upon the paper, 
wimling round it continually, and at the same time retiring 
constfintly but slowly from its centre towards its eJge. 

Punching Machin**, 
Fig. 1 represents a plan of bo much of the punching machine 
as will explaiu the principle of its action. A is a roll of ribbon 
paper; B and C are two revolving discs for the pur|>ose of draw- 
ing forward the paper from off the reel; D represents the punch; 
E a finger key, with its axis at F; H is a pulley, which receives 
rapid motion from a wheel driven by the foot, similar to that of 
a sewing machine; I is an eccentric on the shaft G, which gives 
rapid to-and-fro motion to the rod K, on the rod G; »t L there is 
a screw which works iuto and gives motion to a wheel M, which 
is on the shaft of the disc C, It will be observed that when the 
pulley H receives motion from the band, the eccentric I gives 
rafud to- and fro motion to K, at the same time the screw at L 
give'i a slower motion to the wheel M and the discs and B, 
which draw forward the paper in front of punch D, Now, if the 
linger key is pressed down at E (.shown in elevation by Fig. 2), 
the other end of the key will raise the nul opposite the punch, 
wliich will be pi'OMsed forward rapidly and punch the paper. If 
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the ke^is pressed but for an instant a short hole will be punched, 
but if kept down for a longer interval a longer hole will be 
punched. In this way groups of short and long holes can be 
punched at pleasure, representing letters, words, and sentences, 
and thus messages can be composed of any length and with 
considerable celerity. These messages can then be carefully 
compared with the manuscripts from which they were taken, and, 
if needful, corrected before being placed in the transmitting 
machine, so that no mistake should ever be sent along the line. 

ri«. 1. 



Figs. 4, 6, 6, represent three different stations on a telegraph line- 
A represents a galvanic battery, C the transmitting apparatoSi 
and D the receiving portions at each of the stations; liie trans- 
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Fio. 2. 

Trarumitting Apparatus. 

Fig. 3 is an enlarged view of so much of the transmitting appa- 
ratus as will explain the principle ot its action. N is a portion 
of paper ribbon with groups of perforations, each group being 
supposed to represent a letter of the alphabet; O is a metal bar 
in which are fixed five metal springs in the form of the teeth of 
a comb; Q is a metal roller insulated from O, except at the points 
of the springs P. Now let O and Q be in the telegraph circuit, 
and the paper drawn through, as it may be, with ereat rapidity, 
when the perforated portions of the paper pass under the springs 
they come into contact with the roller Q, and the current flows 
through the circuit, and when the unperforated portions of the 
paper are under the springs the current is interrupted thereby. 
In this way electric currents can be sent through telegraph cir- 
cuits with extraordinary rapidity and perfect accuracy in their 
duration and grouping. 

Receiving Apparatus. 

The receiving portion of the apparatus is a revolving disc 
carrying chemicallv-prepared paper, and a metal frame carrying 
a revolving screwed shaft; on the upper end of this shaft is fixed 
a roller, which lies gently on the disc. The screwed shaft carries 
a style-holder. As the disc revolves it gives motion of rotation 
to the roller, and consequently to the screwed shaft, which causes 
the style-holder to recede slowly but constantly from the centre 
to the outer edge of the disc. Now let us suppose the apparatus 
properly arranged in the telegraph circuit, as is well known, the 
currents from the comb and roller at Fig. 3 will pass through the 
style into the chemically-prepared paper at the receiving station, 
and make marks thereon corresponding exactly in their lengths 
and their groupings with the perforations in the paper shown 
at Fig. 3. 

Having thus described the principal actions of the composing 
machines, and also of the transmitting and receiving apparatus, 
let us now proceed to show how they are combined so as to form 
a complete system. 

The author purposes to have only two wires at most on one 
line of posts, one to be called the up wire and the other the down 
wire, so that messages can be transmitted in both directions at 
the same time. The messages are transmitted by the apparatus 
through the main wire in the manner shown at Fig. 3, but his 
experience has shown him that the best way to receive the 
messages is through branch circuits, so as to keep the main wire 
contacts MlwByn complete, except in the process of transmission. 




mitting and receiving apparatus, it will be observed, are moved 
by the clock mechanism at C, the instrument (Fig. 6) la shown 
in Uie act of transmitting. I^ 4 and 6 are shown in the pon- 
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tion qf rtooiring. Although only three instnimenU are showD, 
tiiere may be uny desired number on the same Ime. 

The action is fia follows: — ^The current passes from the battery 

A r.» tli^ main wire, f:ora thence to the spring E, through the 

na of the paper to the roller F, then to the frame of the 

n, and from thence to the main wire, but at each of the 

iutermedtate stations, when they are neceaaary, a jjortion will 

puss down through the ends of the branch circuits at G, to the 

fbnues T, through the styles to the chemical paper, and will 

return by the end H, to the main wire. In this way the currents 

Qad« to write a copy at every station on the line, but at the 

I where copies may not be desired, all that the operator 

do Is to lift up the pen from the paper, and let it stand in 

sition shown at Fig. 6, or he may turn back the penholder 

I altogether away from the disc. 

Fig, 7 shows a method by which a despatch can be transmitted 

cm a central station^ say from London, to any nucnberof tele- 

Jgrnph lint^ simultaneously, so that the despatch may be received 

s«d written at any number of towns on each Hue, in the way 

alrea«ly described. 

Tills gv«icm has been proved electrically, chemically, and 
tfly, in England, France, and America. It can transmit 
ce from Loudon to the farthest corner of England or 
8o<7t)rtud at the rate of, in round numbers, six words per second, 
ll'^\ per minute, 20,000 per hour, and with a degree of aocaraoy 
never befure obtained by any otiier system, and, further, it cfiu 
auiomaticaHy transmit despatches of any length from any place, 
iay from London to all the principal towns of England sicnul- 
taa^Qsly, at the above-named degree of celerity. 



THE ARCHITECTURAL ASSOCIATION. 

The regular forfuightly meeting of this Association was held on Jan, 
l>th. Mr R. W, "Enis, President, in the chair. Mr. VialJs, Mr, 
Northoote, and Mr. R. O. flarria, were elected meiiibcni of the AAScn^La- 
tion. 

The Hoy. Sec. (Mr, Mathews), read a communication from the 
Deftn cif WestmiiiBter, having refe(rence to the reatoratiQn of the 
^Chaptef hfjuse, and requesting Uie iupport of the Association. 

The FawsmsST observed &it he was glad to Ifsam from the letter that 

i deputation was about to w^t upon the Chanoellur of the Exchequer in 

r lo influenoe him to provide funds for this restoration. Dr. Stanley 

t proposed in hi« letter that he (the President) should join the depu^ 

Db« He could only say that he would have much pleasure in dciing' 

■m that Uy in his power to promot*? this o Inject. The Preiident then 

t>roiK>*eil the following reBolutkm ; — " Tliat the A^ociation learns with 

lire that the Committee which has been formed with a view to 

Liion of the Chapterhouse at Weatminster, is al>uut to take 

f h rtiin ; and begi to express its moat cordial eympathy in the 

iiiisea to use it» best eSbrta in any way that may be in its 

: tie accomplishment of thie great national undertaking." 

'lation was paeaed unanimously. 

'idpfit saiil that the Association taking, as it did, an interest 

its members, would be glad to learn the honour whii:h 

:vi] upon Mr. James Lemon^ in his appointment to the 

^< of Southampton, he baring been selected from a li«t of 

re com fM-ti torn. The Association would lose a useful meml>er, 

I >ed that Mr. Lemon would still coutinue his con- 

V. It was his duty also to anoouncet with gr^at 

I'i lamented death of their Ute Registrar txMr, 

they would all join with him in padding a sincere 

liid condtjlence with Mrs. Moody, in her tad and 

-HVeiijcut. In caees of this kind it was wkU to say as little 

: but he was sure that all who had met Mr. Motxly hiui ever 

itive, courteous, and willing to render every assistance 

jjower. Ho (the I'rewideut) thought that the expression 

-- V....:.-; .. .1 V . . ,, ,^jg He did 

that a a«h- 

, i served the 

itu% while Jivinjj; and he should be happy to n«ceivo 

a any members who mijjht be willing to assist him in 

! f '1' ri pn>po«ied the following resolution : — **Thftt this 

-^' rd with great rejfret of the death of their bto 

^ i; Moody), and Ijegs Ut expreas its sincere sj^mpathy 

fiirthe widow and family in their sad and severe 

Mr* MAtUttwa seconded the motion, which wm nnanimouHly agieed 

^^r. R. P. PulW, F.R.I.B.A,. to 
Lure in the East/* of which the 



CHRISTIAN ARCHITECTURE IN THE EAST. 

Wgbn we speak of Chrtatian Architectnre, we are geoerally 
understood to mean either eome of the Gothic styles, or at the 
utmost some of the various fonus which the Roraaneat^ue 
a.'fsumed daring its gradual development subsequently to the 
ninth century, anch aa the Lombard, Teutonic, or Norman. Bnt 
this ia at the least a very narrow and limited sense, for it 
amounts to the ignoring of alt that was done by Christians 
before that period; men ahut their eyes to the fact that in the East 
there wei^ architects and church- builders none the less expert^ 
and perhaps more original, than those in the West; for they 
iuventei:! a style of greater grandeur in its masses, and more mag- 
nificent in its decorations (when properly carried out), than any 
style that prevailed elsewhere. I mean the Byzantine ; and 
I speak deliberately when I say that the interior of St. Sophia's 
at Constantinople, — the buildiug in which Byzantine architcetnre 
sprung into perfection frora the brain of its inveuior, Anthe- 
mius — like Pallas from the head of Jove, garnished at all 
points, — presents the finest interior in the Wftrld. In the first 
place, it has that great element of architectural grandeur* 
massive nesB, in its enormous piers and vast arches, from which 
spring the pendeutives of the flat dome, which, by the way, is far 
more im posing than a lofty one like St. Paurs or St Peter's, for 
the dignity of these can only be fully appreciated when you are 
immediately beneath them, and looking upwards. It poasesaen 
appropriate decorated oonstruction in its columns of every kind 
of rich marble, its carved capitals, rich inlaid spandrlls, and in 
its mosaic decorations, which are now unfortunately only visible 
in the sotlits of the arches, as those of the dome and apse have 
been whitewashed by the Turks. All this is perceptible at it 
glance, nil taken in in one view, hence the sublimity of a 
coup (TwH which surpansea in effect the interior of Milan 
Cathedml, which is perhaps, independently of detail, the 
finest interior of the West» 

The style of which this fine building is really the prototype ' 
we have been content to overlook, as well as all the various rami- 
fications which spring from it, and which really present aimost 
as many varieties as our Gothic. I propose to introduce it to 
your notice this evening for the purpose of showing its claimi 
to be studied, and of vindicating its position amongst its sister 
styles, as being equally with them worthy the attention of the 
architect 

The lecturer said that he should be inclined to divide the 
epoch of Byzantine art into four periods. Assuming the n^ign 
of Justinian, from a.i>. 327 to 356, to be the pure period — etpii- 
valeut to the thirteenth century to Gothic — he should consider 
the buildings erected between the time of the foundation of 
Byzantium and the time of Juotinian, as belonging to the first 
period; those erected by Justinian to be of the second; from the end 
of hid reign to the ye,ir KK^iO, to be the third period; and from 
that time to the frill of Constantinople, the fourth. In addition 
to these general divisions, there were those of geographical and 
local chan<cter, eueh as those of the Armeuinn, Georgian, nufl 
Servian styles. Hence the field offered for archieological research 
in the East wns as wide as that in ihe West, and it also had the , 
advantage of being comparatively untrodden ground. 

He then traced the rise and progress of Christian architecture 
from the earliest perioil, remarking that until the time of Jua- 
tiuian, churchtjs were built on no fixed plan, some were round, iti 
imitation of the Pantheon, such as the Anaslasis nt Jerns.'dem, 
and the church of St. George at Salonica; some octn^onal, audi 
as that at Antioch; others were dromic, such as ConstJint/uitiue's 
church at Jerusalem, and some of the fourteen built by him at 
Byzantium; some had tran.^epta, like that at Bethlehem. Bat in 
tlie time of Justiuinn, Anthemius determined tlie future form of 
the Byz^iutine church— a Greek cross inscribed in a square — this 
form being a natural const*quence of the vast central dome. 
Anthemius was a man of genius, and the inventor of pure Byxan- 
tine architecture, he alteretJ the proportions of tlie Classicai 
column u«ed hitherto, to suit the purposes for which il was 
now required. 

After describing the churches erected at Thesaalonica and else- 
where during ihe time of Juatinian, the lecturer remarked that, 
while ByzHntine architecture wjis thus making that alow pro- 
gress in the West of the Byzantine empire, it was ailvancing 
by gigantic strides in the East There the builders were not 
fettered by prece<lent, conecuuently their architecture hai! a 
freshness and novelty unequalled, and we aini oDly beij inning to 
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learn what this architecture was. Travellers unlearned in 
archeeolugy told us that iu the couutry round Aleppo and Antioch 
there were numerous ruiued cities, but they were unable to ascer- 
tain their dates or styles, and it has been reserved for that enter- 
prising traveller, the Count do Vogue, to astonish the architectural 
world with a complete revelation in the history of Byzantine art. 
He is at present publishing a magnificent work, full of engrav- 
ings of the buildings he discovered in the central district of 
Syria, and in the ITauran beyond the Jordan, and we find in it 
representations of buildings which perfectly astonish us. There 
are entire cities full of houses and churches built in wliat is to us 
an entirely new style — a development of the Byzantine, which 
want only roofs to make them perfect: there are churches of 
every variety of plan, and with characteristics of all periods, from 
the third to the sixth century, some dromic, others octagonal, 
some that have had wooden roofs, others that have stone roofs, 
many of them with semi classical mouldings, others with mould- 
ings closely resembling our Norman, of all dimensions, from the 
little village church to the immen;^ cathedral. Those in the 
Hauran have stone ceilings, while those in northern Syria have 
had wooden n)of8; some have apses, others have not. 

Amongst the host of remarkable churches, one may be specially 
mentioned for its size and magnificence. It is in reality four 
churches in one, as it consists of four naves, with aisles adjoining 
them, standing at right angles to one another, so as to leave at 
their intersection an open court, oct^igonal in plan, in the centre 
of which is a socket where formerly was the pedestal of the 
column upon which stood that remarlcable pillar-saint, St. Simon 
Stylites, in honour of whom this groXip of buildings was erected. 
Alany of these churches want but their roofs to restore them. 
These edifices are confined to two districts in Syria, one the 
Hauran, east of Damascus, and the other that around Aleppo; 
as both these districts are unvisited by the onlinary traveller, 
these archaeological treasures have remained unknown for cen- 
turies. 

Dismissing for a time the subject of Byz;mtin6 art, which 
necessarily had the chief claim for consideration, Mr. Pullan 
proceeded to mention the works of the Crusaders existing at 
Jerusalem and other places in Syria, remarking that the charac- 
ter of their architecture was almost exclusively French, and of 
food style, especially that of the south facade of the church of the 
loly Sepulchre ; tiie church of St. Anne, the Hospital of St. 
John, and the church in the village of Abou Gosh. He then 
briefly alluded to the works of the knights of St. John, in the 
isles of Cyprus, Rhodes, and Cos, and the Castle of Boudroum, 
and concluded his lecture as follows — 

To return to the legitimate part of my subject, I have to say 
that Byzantine ai*chitccture, which did not materially alter 
during the fourth period, became the parent of the Russian and 
other styles which prevailed under the dominion of the Greek 
church, but that in later times the first Byzantine building was 
never surpassed, or even equalled. 

The study of this architecture then I commend to your notice. 
But some oV you may be inclined to say — Of what practical use 
can a knowledge of it be to us: now-a-days we cannot afford to 
waste materials in erecting massive piers, nor to construct immense 
domes over our churches, as the former would obstruct both 
sight and sound, and the hitter would require more science in their 
construction than groining, and without decoration would have 
a bare and bald cficct. In answer to this, 1 may urge that, ns the 
architects of the twelfth and thirteenth centuries in Acquitaino 
adapted the Bvzantine dome with great success, altering its propor- 
tions and making it pointed instead of flat, in order to suit their 
more aspiring architecture, — so might we, iu like manner, use it 
in our town churches. Those who know Angoulcme Cathedral 
will remember what breadth and dignity it gives to the as])ect 
of tlie interior, and, now that we have a rising school of decorators, 
the bare elTect might be removed by frescoes or distemper 
paintings. 

So long as we carry our utilitarian principles into church- 
building we can never expect to have in England so magnificent 
a cathedral as St. Mark's at Venice — which, by the way, is the 
most perfect Byzantine church to be seen iu Europe, built by 
architects from Constantinople — but it is not so certain that we 
may not see a reproduction of one of the grand dromic churches 
of Byzantine times, as a church on such a plan would afford 
wide spaces and comparatively small obstructions, and would 
at the same time aflford opportunities for fine proportions and 
^r reSaed ornAmeatation, oolh of which are often neglected in 



our Gothic buildings. At all events, the study of Byzantine 
architecture may be useful, in showing how Classical proportion 
may be applied to a distinct style, and willpoint out the direction 
in which our expectation of an improved Gothic should lead ub 
to direct our studies. 



Mr. Pullan's paper was illustrated by a Beries of drawingm from 
EsHteni Churchea, and with an original deHign by Mr. Pullan of the 
Interior i)f a Church in the Byzantine Btyle. 

Mr. Di'NPHY Mud that, though they might not entirely agree with 
Mr. Pullan with R^gard to tho applicaliility of Byzantine architec- 
ture to modem ust*, yet the mcmI>ora of the Association were deeply 
indebted to Mr. Pullan for the able and luminous paper which he had 
read, llo had the greatet«t pleofiiirc in moving, that the thanks of the 
AsKocLation bo offered to Mr. Pullan for the same. 

Air. Benwell seconded the motion. He had been at Venice, and 
hirt Htudy of the style an there seen led him to question whether it could 
1h) a<lapte«l to an English climate. If an lurchiteet retained the typical 
foniLs of Byzantine architecture, he could not sufficiently liglit a church 
for this country. Looking at Mr. Pullan's design he (Mr. Benwell) 
could not see how it coul<l be suitable for Protestant worship. The 
Byzsuitine churches are gloomy, morose, and wholly unsuitcnl to the 
Church of the ])re8ent day, and unites the style can be made lighter it is 
uH(.'lMri to supiKwe that it can form the nucleus of a new order of archi- 
tecture. 

Mr. W. RiDGK Pemarkc<l, that in the stuily of any style our object 
was not to reproduce buildings in that style, but to study the effect pro- 
ductMl and the moans employe<l to produce them, for the sake of our 
own education We often 8{jeak <»f the space under the di>me in St. 
Paul's C'athetlral — an<l spac-c is fierhaps the impresifion chiefly conveyed 
to the mind by the use of the df>me. If in our large churches we had 
more of this fci-lin^ of space, it would add much to their grandeur as 
well a» their utility. Mr. Kidge, however, questioned the desirability 
of Uiiing domes, on account of their effect on sound. It would not do 
to build a church with a large dome at the intersection of tJbe tran- 
8ej)t«, if that dome had the property of swallowing up the voice ; and 
a Rerics of domes would prol>ably interfere more wth the sound than 
onlinary vaulting. The study of Byzantine architecture was therefore to 
l)e purauofl more for the puqxise of educating the mind than for the 
pur|K»*« of building churches in that style. He hoped that Iwfore long 
they would cease to build in any i>arti<'ular style ; that thoy wonld 
not put up 13th century, or liith century, or Byzantine churches, 
but tliat the buildings they erected would l)e built with truth and con- 
sist.'ncy, and not " cribbed " fn»m any particular style which has gone 
iKjforo. 

The President said that the paper contained information of a most 
interesting and valuable character, an<l showed the results of much 
tnivol and research. The man who had travelled most, and had seen 
nnjut, will, in most cases, conceive tlie best designs. The artist did not 
travel for the sake of making a coj)v of some building, but in order to 
have his mind unhr.od wiUi ideas of beauty, and the man who knows 
most of the buildings of the past will best give us his experience when 
he c«>me« to design for this day and generation. It was not neoeSRary 
to co|iy, but the man who did not take advantage of all that the 
anciente ha<l loft behind was deficient of c<>nmion sense. Of Byzantine 
architecture he would speak with all humility. He had only read about 
it, autl seen some of the churches in Fnmce which partook of its style. 
The impre«8i«)n left upon his mind by these was, that they espresBed 
prwiit solemnity, but he could ni>t ailmirc the style to the extent Mr. 
Pullan appearcMi to do. He (the President) «lid not think that churches 
ought to bo built in the 19th century with a grand nave, long aisles, and 
long fa^ailes. He could not, nn)reover, agree with Mr. Pullan as to the 
dome. He considered they were not l>ound to erect great unnatural 
walls to support what ha«l a heathen signification. Hc^ ditl not tlunk 
they should take a heathen temple as a model for a Christian ChurcL 

Mr. DuNPHY said Mr. Pullan's remarks on space were most valuable. 
But iMsfore they got the space they would require to get more reverence 
iu the pei^ple. He had lately askinl one of the vergers in St. Paul's, if 
the }>uilding was ever used by individuals ft)r acts of devotion. He bad 
replied that foreign visitors occasionally knelt in silent prayer, but that 
the British public never manifesttHl any such emotion in the building ; 
except, of course, in that i>orti«)n which was railed in for stated public 
worship. 

Mr. PuLiJLN, in replying to the ct^mments which had l>ecn made upon 
his pajKjr, stated that his object in bringing the subject before the asaoci- 
ation was not that they should have a slavish revival of Bysaq 
architecture, but to induce those who hatl not hitherto paid attentionl 
the style to Ptu<ly it, so that they might produce Siimething new. 
Byzantine architecture would be something new, and he believed it couhl 
readily Iw adapted to suit the rt>(juirements of modem Protestant worvliip 
as regards light and hearing. 

Mr. BinnETT inquired what was the heathen significance of the dome, 
to which the President had adverted. 
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Til© Preeafbnt cxpljunod that he lut^ut that the dome waa in use 
ftaDnu^ ibe Romans, ftod had been handed doAK'u from them. 
Th*5 tv>t«s r.f thanks to Mr, PuUftn wa« unanimotiBly adopted. 

I Rirw^i oUied the attention of the meeting to an advertisement 
Illy the Tnii^tet^ of St. Mary's, lalinjurton, caUing for dosEgns for 
Miou**^, and offering to jiay the architect 24 per cent, upon the 
ovltav The TniBteeB aUo offered preniiumfl of £100, -£80, and £20, 
rfsf«ctircly* to be awarded to three designs, which are to b6cx)mc the 
propertr of the Trustees. With regarrJ to the third premJiim, he hardly 
thought £'2i* a proper price for a design for a workhouHe for a thounand 
pm*^aiM, He thought that the question of the twi>and ;*-half per cent. 
pol forwaftlf M it bad been, iu such an unbluti^nng way^ ought to be 
Lxkfn ntiliee of by the association in some manner 

President thought it 1>otter not to take any action in the matter. 
J ir^ .-ireliitecta were found willinnf to oomj»ete for such prij&es, 
lid be found ready to offer them. These gentlem^si no 
in iiTnorance. 

Ui not agree with the President upon this point. He 

1 of compasflion to the ignoninee of the Trosteee, they 

. u — .iome intimation as to the pr«iper scale of remunersb- 

.lid tie therefore begged to movop '♦That the Secretary be in- 

• ri to forward to the Trustees of Bt, Mary's, Islington, the Insti- 

tuw's Schednlc of Architects* Charges, with a letter, calling attention 

to the remuneration clause/* 

Mr, HisDETT seooiided the naolution, which wan carried. 



EXPEfilMENTS IN MIXING AIR WITH LOW- 
PRESSURE STEAM.* 

By T. McDoNOuoiT. 

The appA^ratua used ia of a simple form, steam being geoe- 
ntled in a small boiler and allowed to escape through a nozzle so 
is to itrike tipon the fans of a little air-mill. The quaDtity of 
stCAtQ escaping in a given time, and the number of revolutiona 
iatrodaced in the air-mill by this means was determined in the 
first place by direct experiment. Air from a gas-holder under 
modem te pressure is then allowed to flow into the rear of the 
satue jet and issue with the steam. The amount of air so added, 
Ao4 tne number of revolutions in the air-mill during a given 
iSme being ngain determined, it is thus found that the addition 
of a small amount of air, say ^ that of the steam, would increase 
the number of revolutions iu the mill by a much greater quan- 
tihr, a» in this case by ^. 

Tli« following table exhibits the result of many expenmeDts: 
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Ej^mplt, — In the first column, by adding 43 inches of air to 
tm» the wheel increases its speed from 60 to 73, or 
I aarter for an added volume of one-tenth. 

u it is proposed to apply to steam engines by so 

>he valves, &c., that air in place uf steam will be 

uring the first part of the stroke, after which the 

be admitted and mix with this air. 

perimeiits and results do not stand alone, but are 

>y other independent investigationa. Thus, similar 

t>een observed in connection with a small steam tur- 

y Frof R. £. Rogers, of the University of Pennsylvania, 

film for using air and steam together mentioned in the 

rtV Magaasine^ January 1865, page 7, points to 

^\H in the imme direction. 

In ¥X(»lf4D<4Lioo of some of these experiments, it may be sng- 

ited that the introduction of cold air might condense some 

ion of the steam, so causing it to be projected in liquid drops 



against the wheel, bj which means its motive power would be 
more eSiciently applied than when it issued as an expanding and 
diffu sable vapour. 

The appatatus referred to above was explained by means of a 
drawing mnde upon a plate of glass (coated with a collodion film, 
which hatl been sensitised, exposed, and developed in the usual 
maunerj placed in a powerful lantern, by which a greatly mag- 
nified image was thrown upon a screen convonieDtly adjusted, 
and thns made distinctly visible to all in the room. 
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* From tbr Joum&l of the Fra&klin Inititate. 



A History of ArchHecturt in ali Countriet^ *rvm t/ie Earliest Times 

to the FrtMimi Day, Vol I. By Jajies Fbrqusson, F.RS., &c. 

London: Murray, 

It is not often the case that an author enjoys, or makes for 
himself, the opportunity of revising his work, not only while in 
the form of manuscript^ or while passing through the press, hot 
after it has been pabliahed and criticised, and calm reflection 
has been possible. And yet, to those who know how important 
the results of repeated revision and correction renewed after an 
interval has been allowed to ela{>sL\ often prove, it is a subject 
for regret that this process should unt oftener be possible. 

The work now given to the public presents what we may 
term a third edition — a revised revision — of the views expressed, 
and the matenals collected for publication, by Mr. Fergusson, 
in his work on * The Principles of Beauty in Art.* This book 
was to have contained three volumes, but the success of the first 
volume was not such as to encourage the author to continue it 
in the form ;n which it was begun. *The Illustrated Hand- 
book of Architecture/ publiBhed in 1S55, gave to the world the 
mnterials prepared for the earlier work, with no doubt many 
additions, and something of the theoretical views propounded in 
that volume of it which actually appeanfd, in a condensed but 
highly systematic form, and iu popular language. A new 
edition of that work being now called for, the following extract 
from the preface explains in what way the author has replied U> 
the call, 

'* UndeT these circumstances the qucJition antee, whether it would be 
better to r'epublish the HandlK>ok in itB original form, with suoh additions 
and emendations m its arrangeioent admitted of, or whether it would 
not lie l^etter to revert to a form nearly approaching that adopted in the 
'True Principles/ rather than that followed in the composition of the 
Handliook, as one more worthy of the subject, and better capable of 
developing its importance. The immense advantages of the histori(.<iaI 
over the topographical method are too self-evidmt to require being 
pointed out, whenever the object is to give a general view of the whole 
of such a subject as that treated of in these volmnes, or an attempt is 
made to trace the connection of the various parts to one another. If the 
intention is bnly to describe particular styles or separate buildings, the 
topographieal arrangement may be found more convenient; but where 
anything beyond this is attempted, the historical method is the only one 
which enables it to he done. Believing that the architectural pubho do 
now desire something more than mere dry information «itb regard U^ 
the age and shape of buildings, it hat^ be<en determined to re- model thi* 
work and to adopt the hit^torical arrangement. In th« prescsit instance 
there does not s«em to be the usual objection to Euch a r&- arrangement — 
that it would break the thread of continuity between the old and tho 
new publication— inaeonuch as, whichever method were adopted, the 
present work must practically be a new book. The mass of information 
obtained during the Wt ten years has been so great, that eveii in tlio 
present volume a considerable portion of it has had to be ru -written, and 
a great deal added.** 

The first volume, as now issued, contains nearly half as many 
more |)ages as the firat volume of the Handbook, and one-third 
more woodcuts; but the addition thus made to the bulk and 
richneas of the work is not by any means the most important 
part of the change. The division of mankind into races, and the 
I'ariations in art, consequent on the natural capacities or quali- 
ties inherent in each race, a subject slightly touched upon in 
the Handbook, is now made to form to a great extent the key-note 
of the treatment of the subject; and this gives a philosophic 
value to the reissue greatly in advance of the older work, 
excellent though that undoubtedly was in many most essential 
particulars. It is true that on this score the work may be 
considered now more open to criticism that it was in the 
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ttsd litE^aa, men wlio bad u haukenn^jf after immortality were f^jfce*! tf3 

tniiM thtru iM})iratloiu into the walls of their ttiinba or nf their temple*. 

Th^***? wbf> li*\'f p'>etry in thtjir simU, in nine caseH out of ten, expre«wi 

r vehicle of e^nilptiire or paintin*^ rather than in 

'<'»!>: thrtt to neijlcct theee, in tryinjj to uinier^tanij 

-u* or the b' ' " I ainjiieut people, i» to throw 

urrallv the Uh half, in some cuaes the 

'" iiiii ' ' t. S<> long a« learned mca 

i»rr«f?i itj i : . \n of this ancient worM ie to 

Ih* f .*Mvi It LI ijjiMDt the evidence of urchitecturo 

iij cointuou. I couitequfintlj feel neither 

mi? told that men of the most extenBive buok- 

' ' ' ' IS from my«>lf^on th« con- 

tf I some pniot to which their 

«" . , .._..:. : .> rather he ioclined to Biupect 

mwMB ]ziiftt&k«, Kod hcsiute to put it down." 

Th riiint of the work being now not geographical, but 

hUtij: !" indeed aa rni historical aeqnenco can he followed 

in n iiin iTtv..^, which often is required to tell one after the 
other, things that really occurred siiuultaneuusly, tliongh io 
liiffeneiii pii.rt9 of the world; Mr, Ferguason has decided that the 
b^jit arranf|^€'ment available is om which divides the whole 
history of architecture into four great parts. 

**Th« first, which may he c*lled 'Ancietit or Heathen Art,' to cora- 

prtihen^i all thoa« etyica wblah previvihxl in the old world frton the dawn 

ul history in Egypt till the fiifimpti^m of the li^inian Empire hy the 

~" U)v:d of the capital from Homo to Conntruitinople in the fourth cen- 

Thtf eecomt to be called either * Medieval/ or mor* properly 

I Art.' This agsun nobdirides itaelf lut*) three easily understtWHl 

1. The Eotxuuiesqae, or Transitional style, which prevailed 

iwcen the agve nf Cotutikntine and Jufltiniao; 2, The Gothic, or Wei- 

tera Cbrutian; antj 3. The Bystantine, or Easttarn Chriathin style, 

Ei»!?*^ of th»;«e two Ijut might he taken firwt without incongruity; but 

'n' it will ho couvLMiient, first to follow the threatl of the bia- 

lic art, ami returu Uj take op that of the Byzantine afterwards. 

i n ^fv}r-^ f ' 1 -te and perfect chapter in thcmselveu, 

I' ; ; ! , ! ! , but borrowing very little and lending 

V fti-r^ryiK ^ ir exifiteoce. They aJj»o perished earlier, 

out in the sixteenth century, while the Byzantine continued 

ised within the iiniite of the preient century in Ru^a and 

rn countries. Another reason for taking the Gothic atyles 

f the Saracenic spring directly from the Byzantine, and accord- 

"~ nent would follow natr " ^' r it. TFie third 

^-uhject I would 90^ ectnveniently be 

. It would comprise ul: :, aor mit?cellaneou9 

#;♦. Lf-j not inchided in the two previous divisions, i -ommencing with the 

J^'s.*-inmn and Saracenic, it wjuld include the Buddhl'it, Hindoo, and 

Li !e^» the Mexican and Peruvian, and lastly, that myeterioua 

|g: \ for want of a better name it may be convenient to oaU the 

*K.r'iviv t ivies.' No very ooniieeutive arran^ment can he formed for 

tlicae. Nor a it necessary; they generally have little connection with 

«ach oilii'T. a-iid xn^.. hh mueh less Important than the othcra that their 

ittiodiK f far le^s eon»e«:iuence, and in the present state of 

CPtu bi aiig thi^m, a slig'ht degree of reiteration may be 

Otfuddcaii jjt(h\iLit^uout. The fourth and hunt great division h^ that of 

tile 'Modem or Copvin*^ styles of Architecture.' me.%uiug thereby thone 

wbioh are the p '■■ - *^' ^ ' ' sieal «tylein, that 

atflcod Ibe epo. i ,- mi nee that time 

pr^rpkHr^l ifi nrr I f ■ ,,1 j^re now making 

Within the limits ot the present century it ia 

f>f the ela*«tcal styles has t*i some extent Jieen 

iriiton iif tho^e of mediaeval art. The 

1, hut the pnneiplee remain the same. 

P'liit out T '- • ctions to this or to any 

will lie fui the exiijencicia of the 

, wuU or |jcj L V .1 than any other," 

We h:\ve now indicated, and obiefiy in oar author's own words, 

I mints in which this recaat of the Uandbook differs from 

J form, anit it only remnins to :%iU\^ that anything which 

Uii,\e been tJaid in favotir of the earlier \muc of the work, 

u ::fs with equal, in fact, with ^retter force to this later one. 

' fill, and lucid in hia writing, the author knowa 

Ite aalient points of a large and intricate aub- 

J - % aiju I'j iJirMJg them alone, sepiirating them from much which 

it itiuat often be mo^t dt 111 cult to reject, under notice. For the 

iiii. »..,^iio M* .M-ii*. M-y luen ^,f letters, this book will probably long 

t«xt-bc»ok. For the architect, ;ilthough it ia 

' -. : leut to give him the knowledge he ought to 

i - uu any one point, yet the ' Hi*tor)^* now ia, and will 

pr Imi rv long remain, the beat general manual Acceasible. To 

thifr student it w:il prove invaluable, na a systematic Introduction 



to the study of his art. To the more advanced practitioner tt 
will be a valuable aBsistauc© in many ways, not of course as a 
bx'k of working examphi"!*, but as a manual of information, and a 
startiug-froiut from which to commence any inveatiguiion {iro- 
}>oised to t»e undertaken. 

As 8f.)eolmens of the quality of the additional wood-cuts 
incorporated in this volume, we are enable<l by the courtesy uf 
the publiiiherTi to give th© accompanyiug illustrations: — No, ii49, 
tJ»e church of St, Mo'-tier en Der , lu Fiance, a cut remarkable 
both for the excc^llence of its execution and the beauty of its 
gubjecl; and No. 151 and 155, giving a view nf the restomtion 
made by Mr. Fergussou, of the Maustdenm of Halicaruassus, il i 
notice of which appeared in our columns some time back. 
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The Hornet of the Working Clateee, with eugge^Hons for their Im- 
proi^menlf By James Holb. London; Longtnana and Co^fi 
lB6a 

To IS book 18 a very superior essay on one of the most impor- 
tant snbjecU of the day, and enriched with a large amount of 
valuable information, partly incorporated with the text, and 
partly embodied in notes and an appendix^ but remarkable for a 
clear, comprehensive, and well expressed statement of a c^ist* 
which has, it is true, been often stated ah*eady, but which still 
needs to be urged on public attention in every possible way. 

In hia fii-st paragraphs, the author of this work obaervea, that 
" the improvement of the material circumstances of the working 
classes is the condition prece<lent to all other eflforts for raising 
their moral character." This is untloubtedly true, and if any 
step could be taken which would more than another improve* 
that material condition, it would be the placing within the reach 
of the working man a decent comfortable dwelling. The ma- 

i'ority of the dwellings of our artizaus, not to mentiou uur 
abourer*, am ueither decent nor comfortable; thty are a 
reproach to our much boasted civilisation, ami call loudly for 
radical improvement; and the great importance of this questioii ti 
the whole of the nation makes us welcome !io well considered and 
thoughtful a contribution to the literature of the subject as thia 
work of Mr. Hole, with great pleasure. 

The writer appears to be farailitir with the north of Englaud, 
especially Yorkshire, and as some notable experiments have 
been tried there in cottage-building on a large scale, of which 
he gives details not previously publis^bed, hi« work acquiri-s 
an additional interest from this circumstance, the more so ixh he 
has also taken cai^ to inform himself of what has been done 
in the Metropolis, or by societies and benevolent associations 
having their headquarlem there, 

lu approach in;,' liis subject our author begins, by showing that 
the accommodation for the poor is far from V»eiug what it rt^nires 
U) be, and poiuts out io what respects it specially fails of fulKlling 
the requirements of health, decency, and comfort Bad drain- 
age, deficient air supply from without, deficient air space within, 
narrow streets, scanty light, deficient and bad water, want of 
8Uit}ibIe cnnveniences,areall in turns dwelt on, and the evils result- 
ing from them are vigorously aketc bed; and then at greater length 
are stated the remedies applicable to this state of thiug», These 
remedies, after being considered separately and at some length, 
are thus epitomised towards the conclusion of the volume. 

'* To sura up briefly the oonclusions to which all who are conversaii- 
with this subject have arrivefl^ it appears that whvt is now more part 
ticularly wanted to improve the sanitary conditions of the largo ma«8e« 
of our population are the Beveii foUowiujj:— 

1 . The Hupervition by a nentral authfirity of the local hodies who are 
intruat^jd with the ToanageaiGnt aud contr«il of aanitary regulations, im> as 
to enjiure tliat the powers intrusted to the local authorities are fairly and 
honestly carried out* 

*J. The appointment of metlical officers for each town, a« U dime at 
present in lAindon, and in some other places, with this difli.*rence: thai 
the appointment aud payment of such officers bhould rest with the 
central, and not the local authority, Uealtli tn>t{^iKecU»rB also should ba 
app<nnted, on the same plan as the present (ncUtry inspectors, who should ' 
report annually to ParliameQt on the sanitary c<jndition of th«ir i 
tive districts. 

S, A general Building Act regulating the minimum width of strdots^f 
prohibiting oeUar-dwellings, hack-to-baek houws, and the oonstruetioa 
of all houses— at all events in towns — which did not comply with certain 




nnlne Uie sisoqoIJ 
II Mps^ett per hon« 

*Urr..'r-at towu^, cj£fr*/ti-ii (i^ija ih<^ Dfwdfji'l K-t'.»rtou Ibe BttilUiaf ' 
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well-ascertained conditions of health, aiich ah drainage, supply of water 
to each houKc, kc. Tlie various legal pro>'iHions relatinj^ to the public 
health, such as the l*ublic Health Acts, the Local Government A.ct8, 
Removal of Nuisances and Disease-s Prevention Act, Common Lod^iig- 
HouBcs Acts, and others having reference to the same i>Aint, retiuiro 
c«msoIidating, with such amendments as improved knowle<Ige of the subject 
now requires. 

4. 8ucli an alteration of the laws relating to common lodging-houses 
as shall reach all the htmses needing the ap])lication (»f them. 

5. Government loans by way of mortgage on the property, to be 
granted on liberal terms to l«)cal authorities, public bodies, and private 
individuals, for the erection of improved lodging-houses and cottage 
(Iwellingrt, whenever a clear and urgent case could l)emade out for such 
assistance, with adct^uate security for repayment of the advances. 

G. Inducements to the working classes to l)ecome the owners of their 
dwellings, by increased facilities in the purcluise of land, by removal of 
legal impeiliments, by simplifying the jirocess and chea|)ening the coet of 
Cfinveyance; and giving also encouragement by conferring the privilege 
of the borough franchise on every working man who acquires such 
ownership. 

7. Power to be given to owners of lands tied up by any leg:il disa- 
bility, to disp<»He of it whenever re<iuircd by the local autb<trities; and 
]>ower, t(M), t4) be given to the latter to compel the sale of land witliiu a 
certain radius, whenever the su])ply was inadequate to the growth of 
ixmulation or its sanitary* exigencies. 

The question of improving the dwellings of the working classes is 
intimately coimectcd with other social questions, which it is not our 
object to discuss here, but which may be briefly indicated. As lx*tter 
liouRes w<»uld make better men, so better men would make letter houses. 

Into tlic consideratiuu of all the Leads of this inquiry we do 
not intend to fllow our author; what is said on each one of them 
will repay any reader whose attention is devoted to the subject 
of ameliorating the condition of the poor. We have already 
taken up however one isolated part, and have quoted at some 
length the account of the buildings at Halifax, promoted by 
Mr. Crossley and assisted by a Building Society there, and we 
have given illustrations extracted from Mr. Hole's volume of the 

Sencml arrangement of them. In our present issue we engrave 
le plans and elevations of some of the dwellings themselves, but 
the fulness of the descriptions already quoted renders it 
unnecessary to return to them here. We will instead conclude 
by quoting one or two passages, in which the very serious diffi- 
culty of conducting such enterprises in a manner to make them 
remunerative is fairly stated, a difficulty which must be over- 
come before an extensive improvement can take place. 
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"The improvement of the dwellings of the poorer classes, to any 
appreciable extent, is not a work whic£ can be accomplished by chan- 
table sub8cripti<ins. Philanthropy can scarcely be expected to grapple 
with an evil of this magnitude. It may give the impulse, but the work 
must be conducted by wise organisation and on ordinary commercial 
principles. In short, unless exiMriments in this duection pay, they will 
not be repeatc<i, and they must pay as much as anv of the ordinary in- 
vestments of capital, including c«)niupensatiim for the trouble and riakg 
ctmnecte*! with undertakings (»f this description. The attempts hitherto 
maile, though successful in some aspects, have not fulfilled this cardinal 
condition. Most of the iiuhIcI lodging-houses of Landim have not 
averaged 4 per cent, llio Improved Industrial Dwellings Company 
(Limited), established in consequence of the success of Mr. Aldennan 
Waterlow in the erection of Laiigb«)ume Buildings (paying S per cent.>, 
have indeed a prospect of much bcttcT dividends. Tlie four blocks of 
buildings they have built show a proliable profit of from 64 to 9 per cent., 
and the diviilend already paid is 5 per cent. 

Tlie earlier London societies, while fully alive to the importance of 
making their undertakings i)ay, have fonnd the conditions of the problem 
too strong for them, and hence it is benevolence, not commercial enter- 
prise, that has found the capital. So, too, with single dwellings. How- 
ever remunerative in other respects, the disagreeable fact remains that 
the return is only 4 per cent, upon the outlay of Mr. Salt at Saltaixe, 
and Mr Akroyd at Copley. These exjieriments, however, are excep- 
tional. Ix^cauHo profit was intentionally made a minor consideration, and 
beauty and completeness a primary one. Good dweUings of the cottage 
class, however, cannot be built to pay a lai^ percentage. To improve 
the quality, gencnilly H[M.'aking. involves increased cost, a diminished 
rate of profit, and therefore lessens the motive to build proportionally.*' 

The most promising mode as stated by oar author for meeting 
this great difBculty, in circumstances where a building society 
like the Halifax one is impracticable, must be some plan whicn 
will cheai)en the capital required. And from these pages it 
appears that Mr. Alderman Waterlow has actually obtaiDed a 
promise from the Government of assistance, by way of loan 
at a moderate rate of interest, under certain conditions. 

*'At the instance of Mr. Alderman Waterlow, the Lords of the 
Treasury will apply t«) Parliaiiieiit for the purpose of carrying out this 
proposal, on condition thtit the pul»lic bodies to whom the money of the 
State is lent shall l>c content with a maximum profit of 5 per cent., with 
the object of ' distinguishing their case from that of ordinary commercial 
enter|)rise.* *" 

Turning for a moment to the appendix we find several valu- 
able documents; none more so than the one entitled '*a Chapter 
on Leeds.'' Thinking men have been horrified by the descrip- 
tions of those Fiondon dwellings of the poor which are the chief 
haunts of typhus fever, that have lately appeared in the 'Times' 
from the pen of Dr. Jeaffreson, but here seem statemeots showing 
a condition of things almost if not quite as bad. One of the locti 
physicians, writing to the 'Leeds Mercury,' thus graphically de- 
scribes some of the districts whore the fever nests may be found:— 

"lliis is no description of a pliigue-stricken town in the fift ^enth cen- 
tury; it is a faint effort to dosorilK) the sciualor, the deadliness, and the 
decay of a mass of huts which lies in the town of Leeds, between York- 
street oil the one side and Marsh-lane on the other; a place of * darknea 
aiid cruel habitations,' which is within a stone's- tlirow of our parish 
church, and where tlu: fever is bred. These dwellings seem for the moet 
part to belong to huidlords who take no interest whatever in their well- 
being. One block perliai>s has fallen years ago by inhentance to a gen* 
tleman in Lancashire, Devoiishire, or anywhere; another to an old lady; 
a third, iK-rluq^s, to an (discure money-lender. Meanwhile the rtitteu 
doors arc falling from the hinges, the plaster drops from the walls, the 
window-frames are 8tufie<l with greasy {taper or old rags, damp and 
dung together fester in the doorways, and a cloud of bitterness hangs 
over all." 

Melancholy indeed it is that so many of onr fellow creaturve 
should be doomed to the wretchedness of such dwellings as these 
and the more acutely we feel the pressure of this great and cry-. 
ing evil, the more heartily shall we welcome a well-judged and 
painstaking effort to contribute towards the improvement needed 
to be brought about; such an etfort has been mad'^ by Mr. Hole 
in the work before us, and with very remarkable promise of 
usefulness. ) 

Tie principal Ruing of Asia Minor. Illustrated aW described 

by Charles Tksier and R, Popplewell Puli^visV F.R.I.B.A. 

Loudon: Day and Son, 18Cri. \ 

This handsome and beautifully illustrated volume, ciMftina a 

selection from the engravings accompanying M. Tesicpil Urg» 

work, and showiug general views and details of some of tJ^ bat 
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^Aiiiples uf temples Aud oihi^r ^riitices which lie tueafiureti. The 
letUrpreaa givea short deacripliona, taken from hia 
lud ih^mtt of other tmvellera whu have visiterl thia 
•4Lug dUtrict, and iuchides a Darralive of Mr. PulhtQ*a jour* 
for Ihe DilelUnti Society aud the GoverDinent. We caunot 
et«tiii m a Hhtirt }mragrt&ph to do more than Dame a book of 
' ; iiupurtunce as nmotig the works receully received, but we 
|v« a fulJ notice of it in au early number. 



ARTIZANS' DWELLfNGS, WEST HILL PARK, 
HALIFAX. 

[We give jJluatnitioaB in this mimber of «ome of the dwellings 
njiuBiug the group of which a block plao, and perapectivo 
Wf^txi itlu8tr»ted iu our Uat. 

' reference to the account there given, it will be seen that, of 
' two clnaaesof dwelliugs formicg the Bobject of our preaent 
^Ui^trutiuiia^ those of Class No, 4 have cost aboat jCIGO for each 
HQfte, aud class No. 3 are to coat £^70 each, land and all con- 
ngent expenses being included iu each caae. Those familiar 
ith the subject will recognise that the cost of Class 4 is very 
derate; tlmt of Class C probably provides for better fiuiabing 
ftQ is obtainable iu such buildings, arid in that case is not 
ive. The planning and general treatment of both these 
gUM are very good, and reflect credit on the architeota, 
Hmtb. FanU and Aylitfe, of MaDcheBter. 

INSTITUTE OF BRITISH ARCHITECTS. 

TAt the ordinary general meeting of the Institute of British 
Irehitects, held on the 22nd ulL, Mr A. J, B. Bereaford Hope, 
l^P,, President, in the chair, after the usmd preliminary business 
t th« evening, the President pieatmted to Prof. Thomas L. Don- 
^dson, past president, Gmeritus Professor of Architecture at Un i- 
ei-sity College, Loudon, a gold luedal bearing his portrait, struck 
the instance of his professional brethren, to oommeuiorate his 
roest and zealous servioes in promoting the study of architec- 

In an eloquent adilreaa^ the President referred to the diatin* 

^•-rvices wluoh Prof. Doualdson had reuileretl to the 

oliitecture in this couutry during bib lengthened career, 

-li that it WHS luiiiuly through his personal exertions 

^at the Institute lirat took complete form aud action in the year 

,^uuder the presidency of the late Karl de Gvey^ with Mr. 

" * kiu a« the Honorary Secretary, and who ut the request of 

boncil read a very able and comprehensive paper pointing 

tii the various ways in which the members of the profession 

' ^it make Lhemsetves useful to the cause of architecture. 

I yefirs subsequently, the President added, Mr. Donaldson 

esented by the sfime noblemsu with the Royal gold medal 

^Institute* Coming down to the p^eriotl when Mr. Donaldson 

pp<;iuteti ProfeHsor of Architecture in University College, 

Ion, the Prtjsideot tipoke of the distinguished manner in 

irhtch the duties of that important ]^K)sition h;iil been dischttrged 

' lit gfutleman, he havibg during his period of office educated 

Indents in architecture^ and in conclusion he expn^Bsed a 

Mhat, although Prof, Donaldson liad at his advanced penod 

^\ felt it due to himself to reaign that appointment, it was 

I be regarded as fiu intimation on his part of his intetition 

4r© entirely from that sphere of usefulness, study, and re- 

', which had characterised him from earliest life until the 

The Preaideot, amid the loud plaudits of the meeting, then 

Elded the medal to Prof. Donaldson, who expressed his high 

en^ of the drstinguished compliment, that had on this occasion 

"^^ paid to him by his professional brethren, whose friendship 

bsteem he so highly appreciated — an honour for which he 

Fli« felt that the humble services he had rendered to archi- 

cture wt^re wholly inadequate. The learned Professor then 

_Eivi' an interesting eketch of his career from early life, pointing 

int the difficulties which in his younger daya existed in the pur- 

P|uii of studies cognate to architecture, and even architecture 

pit He adverted with feelings of pleasure to the humble fmrt 

it had been his privilege to take iu Ihe formation of the 

ilution, which he had alwaya felt would be a great means of 

ptJJBg their art, and he rejoiced in having been permitted to 

I present high sUiuding and efficiency. 

5 W, Papwouth, Fellow, then read an interesting paper 

ofs of the HypcetUnd Temples at Baasn aud .^iua.'* 



THE LOCKE MEMORIAL. 
Os the ISih ult, the ceremony took place of unveiling a statue 
by Manichetti of the bte Joseph I fock e, C.E., M.P , erected in 
the People's Park, at Bamsley — a plot of ground presented to the 
Ujwn by Mr. Locke, with a lil»eral endowment for its matB- 
tenauce. The ceremony waa [lerformed by T^rd Alfred Paget^ 
assisted by the authorities of Barnsley, supported by Mr. Fowler, 
President Inst.C.E., aud many engineering friends from London 
Lord Alfretl Paget, as chairman of the memorial committee, sidd, 
It is not without considerable hesitaiion that J have consented: 
to U\ke an active part in the proceedings of this day. I had 
hoped thatsorae celebrity in the scientific or political world would 
have performed the duty which appears to have devolved upon 
me, in the capacity of chairman of the committee of the friends 
of the late Mr, Locke, who had combined to raise this not 
unworthy tribute to his memory, I was, however, easily per- 
suaded, as I entertained a personal regard for our late friend — 
and having the good fortune to be thrown much into his society, 
I fully appreciated the good qualities he possessed. No tjtsk 
could, therefore, be more agr-eeable to me than aiding in paying 
& public tribute of respect to his memory in this locality, whence 
he sprung — where he was so well esteemed, and is now so 
deservedly regretted^and where, also the joint names of Mr. and 
Mrs, Locke will belong gi-atefully remembered, for their judicious 
aud muuiBcent endowments of your public charities. The public 
career of Joseph Locke is before the world in the great works of 
public utility projected and accomplished by hirn. We may, bow- 
however, be permitted to cast a retrospective glance to the ant«oe' 
denta of the well-known public man, and in this case we shall find 
that iu his father he had before him a model upwin which he pro- 
perly and sensibly formed his own character; for it is clear that the 
father and son were equally remarkable for energy and stedfast- 
nesa of mind, combing with economy and sagacity in worldly 
aflaira. Joseph Locke waa born at Atterclitfe Commou, not far 
from hence, in the year 1805, aud at a very early age came with 
bis family to Barnsley, where he enjoyed the advantages of the 
tuition of the grammar school. But in these days the periwl 
devoted to education was not long, and he was .sooti sent to leant 
the profession of surveying, at Pelaw,aud afterwa^rds at Rochdale, 
aud was then engaged in agisting hia father. In the year 1623, 
by a fortunate combination of circum-^jtance^, the Htlention of the 
late George Stephenson was directed to the son of his old fellow- 
wrorkman, and young Joseph Locke was adu»itted into the engine 
works at Newciisth-upou-Tyne. Ton hartl working and studious 
youth the opportunity thus afforded of participating in the great 
and novel works of the day, and in comt'^'iny with siuch a man as 
George Stephenson, was not to be neglected. Self-help was all 
be had to rely upon, for in those d.tya there existed but little of 
the ideas so readily iV.und at the present time. He shaped out 
his own course, and the energy of his character led him on to 
fame and fortune, Joseph Locke, already an accompliahed sur- 
veyor and an active colleague of Eobert Stephenson in aaaerling 
the auperiority of the locomotive over the proposed stationary 
system of traction, was soon permitted to take his own couree; 
anil iu 1635 he conatructcil the Grand Junction Railway, which 
by its great ctmimercial success 6rst strongly attracted the atten* 
tion of capitalists to railways as a highly prolita ile kind of invest- 
ment. The career of Locke, thus auspiciously opened, soon 
became one of incessant occupation, as mercantile men and the 
bon4'fide shareholders demonstrated their confidence in him by 
aubscribiug largely to the lines oa which he was engaged. The 
S<»uth-Western, the Sheffield and Manchester, and then the 
Scottish lines uniting the two capitals, London and Edinbuigh, 
were commenced and successfully carrietl out In IbiiT he b<^Knn 
the ndlways north of the Tweed, and thus wei-e forced upon hiail 
works of greater magnitude than he would otherwise have unilep- ' 
derlaken, for the great characteristic of his engineering mind was 
to avoid all ^vorks, however interesting, which were not strictly , 
essential to the welfare of the undertaking. In these connecting^ 
links btHween north and south the features of the intervening i 
countiy force^l upon him the construction of steeper gradients, 
which he henceforth adopted. In 18^8, at the mstigation of 
M. Liifitle, he turned hia attention to the construction of rail- 
ways in France, and with Mea+irs, McKeuxie and Bnisscy as the 
ct'tiirsjctors, he successively executed the Paris and Rouen, the 
Boii*?n and Havre, and the Cherbi>urg iiailways, as well as 
co-iipv rating in other lines and giving the impetus to the iiitn* 
ductinu of the railway system into France. These sei vices wen^ 
recognised by Louis Philippe and by the present Emperor, when 
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they successively created Mr. Locke a Chevalier ami Officer of 
the Jjegion of Honour. About tlie year 1849 he beciime the 
represeutative iu Parliament for tiie borough of iloniton, for 
which he sjit for thirteen years, and enjoyed tlie full confideuce 
of his constituents. We htive not to deal with Josepli Locke as 
a politician or a legislator, or I might be tempted to enlarge upon 
the consistent support which he gave to the free tnide niovenieut, 
his sensible oppDsition to thi Sunday bill, and the pertinacity 
with which he urjjed u\)km the House the iniporUnce of obtain- 
ing full and careful estimates for the public works which were 
sought to be authorised. The time must arrive when the 
strongest mind and the most active frame require repose, and 
Mr. Locke gradually relaxed his business and Parliamentary 
avocations, still, however, continuing to be the valued adviser of 
certain railway companies; whilst at other times he appeared at 
the annual public meetings as a severe critic of their proceedings 
when their policy was not identitied with his views. He 
interested himself in several useful charities, and devoted to the 
Institution of Civil Engineci-s even more attention than he had 
priBvioufily done, probably with an inward feeling that in the 
removal of Cubitt, Itendcll, Brunei, and Stephenson, it was 
incumbent upon him to watch over that institution which had 
been their constant c^ire. His address from the presidential 
chair should be in the liands of every young engineer. Gradually, 
however, he withdrew more from public life, and devoted him- 
self to country occupations and field sports, which on the Scottish 
moors lie highly enjoy eil. You, men of Barnsley, always 
occupied much uf his thoughts, and when he visited tit is place 
you gave him a most cordial welcome, listened to his advice and 
pleasant jokes, expressed to him the wants of your town, and in 
all ways treated him as a trusted friend and counsellor, and 
right well he merited your confiiience. He went home fully 
imbued with the feelings of what should be done for the benefit 
of your town, and Mrs. Tx)cke has religiously cirried out his 
views; you know how thoroughly she has acteil in accon lance 
with these views in the free gift of this ground, the Locke Park, 
with an endowment for its maintenance, a most liberal endow- 
ment for the gnimmar school — whence he derived the rudiments 
ofeducation— a munificent gift to the Roman Catholic schools, and 
other well-considered and woU-bestowed charities. These all 
attest the kind intentions of Joseph Locke, and the noble manner 
in which that excellent lady, Mrs. I-iocke, has airrieil them out. 
My mission must end with the expression of regret we all feel 
at the too early removal of the last of the trio of Brunei, Stephen- 
sou, and Locke, all men who had done and were still calculated 
to do good service for their countiy. Allow me, in c^mclusion, 
to congratulate you on the auspicious inauguration of this noble 
monument to the memory of your distinguished townsman in the 
centre of this beautiful jwirk, and iu the sight of your children, 
who may be tiiught by it lessons of energy, self-reliance, and 
public usefulness — and to express my admiration of this fine 
work of art by Baron Marochetti, which we now entrust with 
confidence to your safe keeyiing. 

To a resolution thanking the donors for the statue, Mr. John 
Fowler, President of tlie Institution of Civil Engineers, said : — 
"" Gentlemen, on behalf of the donors who have jiresented the 
statue to the town of Barnsley, permit me to thank the inhabi- 
tants for the resolution which'has just been read, and at the same 
time to assure them that, in the opinion of the friends of the 
late Mr. Locke, the statue has now been placed in its best and 
most appropriate position. Such a memorial of such a man can 
scarcely fail to exercise a beneficial influence on the future career 
of many young men of this bus> district, besides being in itself 
an ornament to the town. The admirable address which we have 
heard from liord Alfred Paget, has left little to be added by 
those who follow him. Pei-sonally I esteem it a great privilege 
to be present at the interesting proceedings of this day; and I am 
BUi-e it must he a subject of ixjculiar gratification to the friends 
of the late Mr. Locke, as it is to myself, that one who knew him 
so well and valued him so highly, and who is him.self so much 
respected by the engineering profession, as Lord Alfred Paget, 
should have consented to take such vivid ])ersonal interest in the 
realisation of this record of our late friend, and also in taking 
the chief piul, this day, in the inauguration of the * Locke Me- 
morial.* I can assure the inhabitants of Barnsley, and the 
numerous friends and admirers of Mr. Tiocke now assembled here, 
that the meml)ers of the Institution of Civil Engineers of Eug- 
J/u/iJ, ^^ which I have now the honour to be president, take a 
deeplaterest in these proceedings, and that they sympathise cor- 



dially in the respect thus rendered to the memory of a man 
whom they will long remember as one of their most distinguished 
and useful presidents. The world justly thinks that the «lays of 
Stephenson, Brunei, and Locke, were * days of the giants ' of the 
engineering profession; and, gentlemen, allow me to say tliat we, 
in the present day, entirely agree with the world at large iu that 
opinion. Jiocke was tnily one of those giants. His far-seeing 
and strong common-sense, his comprehensive gnisp of all the 
bearings of a question, were &o powerful, that the capitalists of 
^Lancash ire, of 'London, and ultimately of France and the con- 
tinent of Europe, placod faith in his judgment, and then follower! 
him with such confidence as to entrust almost uidimited capital 
to his disposal, iu every undertaking in which he engaged. Tn 
France he was the pioneer i>f the railway system of that country, 
and had the grxni fiirtune to be accompanied and seconded by 
Mr. Brassey, whom we are all delighted to see present with us 
this day. \Vhat more fitting ivpresenUitives of Englishmen 
couhl be found than the prudent but energetic Locke, and the 
modest but lion-hearted Brassey? What, indeed, but a lion 
heart had enabled Brassey to n)e«.*t the great CJitaf-trophe of the 
fall of the Biirentin Viatluct 1 — an accident, a i)ure accident, for 
which he was neither legally nor morally i-esjionsible. * Well, 
Brassey, what is to Im* done?' says Locke. *Why, my <lear 
Locke, of course I must build it up again; ' and build it up again 
he did. Those were the true kind of men, genilemeu, to be the 
pioneers of a new enterprise, and U) im}>art confidence in English- 
men amongst foreignei*s. But, gentlemen, let it not be supposed 
that iLocke was merely a conuuei'dul engim^er. I believe that, 
to some extent, injustice has been <lone to his memory by those 
who did not know him well, arising, no doubt, from the pn>- 
nnuent development of the common -sense and commercial 
element in his character. Loeke was, however, an eminently 
scientific engineer, and it is to his scientific knowledge we owe 
one of the most important discoveries and improvements in our 
railway system. He it was who first abandoneil the use of the 
fish-bellied rail and adopted the X form of rail, and he was en- 
abled to do this entirely from his scientific knowleilge of the true 
value of what engineers call * continuity.' He it was who, in 
conjunction with Robert Stephenson, combat eil the advocates of 
fixed steam engines as a means of obtaining locomotive ;K)wer, 
and b}' their thorough knowledge of the locomotive engine and 
its capabilities, obtained the victory in tlie contest. He it was 
who, by the confidence which perfect knowledge of the subject 
gave him, first advocated the lines over the mountain ranges be- 
tween Lanciister and Carlisle, and between Carli-leand the north, 
by which means long tunnels at a ruinous ctist were avoided, but, 
at the same time, obtaining perfectly good working lines, and 
thoroughly adapted to the nature an>l extent of the traffic required 
to be passed over them. At tliat time no engineer but Locke 
wouUl have dared to make the proi)osals for such lines, and cer- 
tainly no other engineer would have been followed and sup|K)rted 
in them by adequate capital; and yet we all now know and 
acknowledge his views on this question to have been sound, not- 
withst:inding the vehement opposition which they encountered 
at the time. What but scientific knowledge could have enabled 
Locke to have arriveil at such admirable conclusions 1 because, at 
that time, there was little or no experience t<^ guide him upon such 
questions. Many similar instiinces could easily be given, but 
they would not here be in place, and I have only enumerated one 
or two prominent ciises to correct the erroneous impression which 
has appeared to exist in some few minds, that Locke was not 
( e ninently a scientific engineer. Will you permit me, iu order to 
iliustnite one of the characteristic traits of our departeil friend, 
to refer to the kindly feeling, an<l almost I may say aifection, 
which many of us have so often witnessed between himself and 
Robert Stej)henson when they met i They were, as is well 
known, frequently professional rivals, but always attached friends; 
and no one who had the privilege to hear it will never forget the 
alternate * Robert ' and * Joe ' of their familiar social intercourse 
in their late yeai*s, ;is in the old days long gone by. In conclusion, 
gentlemen, i>ermit me to say, that from the career of the late 
Mr. Locke we may draw many useful lessons, and I hope, as a 
Yorkshireman myself, his example and success will stimulate 
other young men of Yorkshire to similar efforts for the good of 
mankind, and for their own reward. Amongst civil engineers, 
and in the annals of the In^^titution, the name of Locke will ever 
occupy a distinguished position, and I believe the record of this 
day*s proceedings will lie memorable as long as a great and useful 
man continues to be appreciated by England and English men. 
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EXAMPLES OF F<:>NTS. 

( With an entiravinff, ) 

The first of the fonts illastratetl hi the acconipaiiying plate 
was ereoled three year* since io St. Mary's Church, WitikfieW. 
Berks. The base auti b^wl are executed in Caeu ijtoue, the shnft m 
re«l MarmHehl ston*?, relieved with a guilloche ornament delicjitely 
cut, and the four surrounding coiunins in green serpentine mar* 
ble. On the predetla line the plan 13 an Irregular ocLa^on^ the 
•mailer bases emerge from the atde^, and the s^unre plinUi under 
eirealar portion of centre brwe> inter:4ecta and loses iutdf on the 
•played crints. Broad angle leaves, little more than moulding, 
spring from the principaT cap, and support anegoricnl tigurea, 
representing the riverw Phison, Gihon, Htddekel, and Eaphnites* 
The cap9 to columns are carved with simple leaftge, flatly and 
severely treated Directly over, in laouldud nwl carvo^l panels, 
having sunk spandril-pieces filled in with raarble, occupying the 
four ordinal faces of the bowl, are seated figures of the Evan- 
gelists sculptured iu high relief; the intermediate and diagonal 
•idea are brought forwanl by angle canopies an<l lrnlIow->, carved 
with the apple and leaf of a very conventional character; and 
are further enriched with inlaid marble, fleur-de-lis of two culonrs, 
and imnds of carved diaper, capped by a moulding, which snr- 
rounds and completes the font 

The secoo.l font, in the church of St. M^ry, Bridgetown, Bnrba- 
<ioe«, is of Normau'transitional character: ita base is cotn|>osed 
of red Manatield stone, oc trigonal in plan, the cunts alternating 
with the angles of, and intersecited by, a second phm of the same 
farm, terminating with a bold moulding, which follows the line 
of the shaft of polished Pyrenean deep green nmrble, having a 
cap of Caen stone, etfectively carvt«d with conventional apple, 
intended to symbolize the ** Fall of Man." The bowl, also of Caen 
stone, is oircnlar (a tigure of Eternity), richly sculptured, incised 
with coloured cements, iind interspersed with bosses of Derby- 
shire r«d spar, upon grounds of Irish light green marble. A 
conventional wave encompassing the lower part of the bowl, and 
fiatly-cat bulrushes in three panels, are emblematical of the 
origin of Baptism by water in the Jordan: three com|)artmeuts 
coQtain busts in alto-relievo, illustrating three Christmn Graces 
as fruits of Spiritual regeneration, treated Biblifally and allegori* 
cally thus^ — ^Faith, by St. John the Divine, and a veiled female; 
("we walk by Faith, not by sight/')— H.-pe, by the prophet 
uaiah, and a faelmetted feraaln chained; ('' putting on for an hel- 
met the hope of salvation," — ^"for the Hojx' of Israel am I botind 
with this chain.*") — Charity, by St. Stephen the Martyr, nnd a 
female wearing a cele5«tial crown, {** the greatest of thes^e is 
Charity**) Upon the upper bevelled edge of the bowl ar-e 
incised the following Apostolic exhortations; "St*ind fast in the 
flitthf' **Hope to the End;'' "Have fervent Charity.'* 

The oak cover, chrorao-relieved and alighlly gilded, is likewise 
af Normaa-trausitional style, and constructed light enough to be 
easily lifted by the hand: it commencos on a circular plan, from 
which springs an octagon, whose moulded ribs converge at a 
centre-p*>st; and on traceried splays is inscribed the Sacramental 
troth, **By One Spirit are we all baptized into one Body," A 
feature of embattlementa and a cruciform finial, «|»eak, symbolt- 
callv, of ** Christ's faithful soldier" in the Church Militant, and 
of the token in "the sign of the Cross,*' 

Both fonts were executed by Mr. T. Earp, from the designs 
and under the superintendence of Mr. Btsutley, Architect, 
London. 



ACCOUNT OF THE RESTORATION OF THE DUTCH 
CHUKCH, AUSTIN FlilABS* 
Bt Edward rANSON. 
Turn church and convent, as rebuilt in 1354, must have been of 
eODtiderable ejitent, for the buildings and grounds extended from 
Broad-street northward to Ixmdt^n-wall.and from the north corner 
<if Broad-etreet to the church of Sk Peier-le-Foor. The church 
ooQiisted of nave, north and south aialen, north and south Iran- 
septa^ •outh porch, choir, chapeU of St. John, St. Mark, St James, 
St. Thomas, chapter-house, and cloister, which last appears to 
have been on the north side of the church ; the churchyard was 
00 the south side. At the intersection of the croas there was a 
•pire or fleche, which was regarded as one of the remarkable 
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objects of London ; for Stowe, writing in 1503, says, "T)!p church 
id a Ifirge thing, having a raoat fine spiral steeple, small, hijjh, and 
straight; I have not seen the like." This small spiral steejde was 
overtlirown by a tempest of wind in the year 1362, hut was forth- 
with raised agiiin. It so remrdued until the end uf t!ie sixteenth 
century, when it l^ecame dnngen^us ; for we find the Lord Mnyor 
and citizens, writing to tlie Marquis of Winchester, to whom the 
property thtiu belonged, on the 4tb August, 1 600, requesting him 
to restore the steeple, as it af>peara he hRd promised to do, and , 
IhreHtening legal proceedings if did not ; bat promises and threai 
appear to have been alike unavailing; so the steeple with the 
part iff the church wi\s taken down, and, savs Stowe, " houses fi>r 
one man^s commodity raised in the place, whereof Ixjndon hnth 
lost so goodly au oruameoti and times hereafter may more talk 
of it." 

As to the part of the church which was westward of the tran- 
septs, and which still remains to us, we (ind that Etiward VL in 
his Diary has the following minute : " 2!>th of June it was ap- 
pointed that the Germans ehould have the Austin Friars for their 
church t in pur urn cl libera m e^emonynnm^ to liave tlieir service in 
for avoiding of all sects of Auubaptists, atid such like" It was 
thenceforth cjilled the Temple of Jesus, and some glass quarries, 
which nt the late restoration were preserved from the oLl windows, 
bear the legend of Jesus Temple, are dated 1550 ; two others bear 
the legend, Temple of the Ijord Jcrus ; these were all replaced in 
the two windows at east end of the north and south Hisles. From 
the date of the first minister, John a LaHco, in 1550, \jo the pre- 
sent time, this church has remained in the hands of the Dutch, 
and has been managed by consecutive elders of that church to the 
present time. The sequence of the ministers, from the date of the 
first iippointed up to the appointment of the present mitdsteri 
Dr. Hendrick Gehle in 1830, is recorded by a tablet in the churclw 
Aa the church existed within the last twenty years, it will be 
remembered by nil who frequented the biisy purlieus of Thrend- 
needle-streetand Broad-street, in a retired thoroughfare, hemmf*«l 
in by the houses of London merchants, which within the last few 
years have been converted njto oilices. 

The west front of the building, together with part of the norili! 
aisle, were the most conspicuous; the other portions being snr* 
rounded by buildings. Its targe west window, not remarKably 
good in charueier, urid its decorated aisle windows, formed one of 
the most noticeable remnants of Mediaeval architecture which tlie 
City con tamed. The exterior hud been carefully i*epaired about 
iH^ib^ but owing to the want of knowledge which prevailed on 
this HUbject in the early part of the century, not in the careful 
manner which ch.amcterises restorations of the present day. It 
was, however, then a matter of comment, and the subject was 
warmly discussed in the * Gentleman's Mazngiue* of that date. 

The old water-tables of the buttresses appear to have been re- 
moved, and the decaying mullions and traccTy — chiefly of Reigate 
fire-stone, and nmch perished— were restored with Boinan cement, 
and the tiurface of the walls rendered over with the same material, 
whereby nearly the whole of the old work was covei-ed up. Over 
the west door a c^inopy appears to have been added. Some further 
restorations were iu progress* in the year 1862, when a fire de- 
stroyed a large portion of the work, and left the building in a 
coutiition which appeared ruinous. Nearly the whole of the roofs 
of the north aisle and nave were destroyed, and the upper parta 
of the masonry much injured, but fortunately the tie beams of the 
oave were left remaining, although damaged. After the 5re the 
building was surveyed by the fire oflfice surveyors, who cou- 
sidei^d it past repair "^nd such was also the opinion of the district 
surveyor, who officially condemned it as a ruinous building. 

At this time 1 was professionally consulted. T found the build- 
lug iu the state I have partially deacribed. The pillars on the 
south side of the aisle were not only aa much as 17 inches out of 
the perpendicular, but the whole church had taken a southward 
settlement. On plan at the level of the top of the wnlU having 
assumed a bow form, gradually increasing towards the middle^ 
where on the north side of the south aisle the versed line of the* 
arc was, and still is 17". On the north side uf the aisle it was 
somewhat less, and on the inside of the external walls of the 
north and south aisles it was less still ; the external w»ll» 
having suffered the least movement, especially the wall on the 
north side. 

Having reference t * the ex;,remely dilapidated, and, as it afKJ 
peare<l to me, ruinous condition of the church — to the very greal 
Talue of the land in Austin Friars — to the incouvenieut size of' 
the ohutch for the purposes for which it was required^ its sixs 
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I' i;ig Utterly disproportionate to the reqairementa of its cougre- 
^.1' i>n, I aune to the concltiainti thnt it would be ID all respects 
inure desirable to pull down the existing — as it appeared — ruiuoua 
Tihric; the restomtiou of which would neceaanrily be very Cf»stly, 
aud to biiiM another church more snil/ibl« tn the requireraeotsof 
the *x)ngi'egHtiou. I nccnrdingly no adviaed the trufitees ; bat 
being desirous Dot wholly to h»se the tradition of the ancient 
ehurch, T proposed the erection of a building of nieditevnl archi- 
nir,-', jiiid engiigpd the services of my late esteemed frieod and 
I' ; i, William Ijightly, who had long worked with nie in other 
ui tttt-rft, t«> co-«)perale witt) me in preparing ik deaigii for the pro- 
jKrst d new church. This was nccnrilingly done ; when it having 
U'Come known that it was the iDti'Dtioii tif the truf^ieea lo remove 
the old building, no atroujr a njauifestation of public; feeling was 
evinced by letter in the daily paj^era, of July IbfJ^, and very 
influential and pressing repreiteDtatioDs made to the miuiaterand 
ciders of the church, that the trustees were led tj re-consider the 
quudtiuD. Atthough I still held unaltered my views as to tlie 
practical utility of erecting a building raore coustmnnt with the 
requirements of the congregatiou, 1 felt there wna no abaitjuie im- 
po«isibility in preserving the work as it slood, and in effecting a 
restoration. The committee of the Dutch Church, feeling that 
they were trustees, not only to a limited corigregaiivju* but to the 
ral public, who they believed, by the strong expression of 
•ns which were made, were aeriously desirous of retaining 
ill"' iilil church, resolv*ed in deference to the opinions «o expressed 
[/* abandon their original intention, and, if pmcticabie, to restore 
the church. I i!ierefore, in conjunction with my late frienil Mr, 
Lightly, underttKik the tiisk of retaining and repairing the exist- 
\u^ portiuus Mf the church, and of reaturing such portions as were 
<1 '-^1 iM^td. Having ouc^ come to that duterminatiou, we endea* 
viiurevl couBcitrntiously to restore the building as it siooil, retain- 
Jog iivtry jmrt of the ancit^nt fabric, uticovenng and restoring 
ftuch portions aj* were liitldnn and m?i8ked by tiie work of the 
seventeen I h century and later timea. 

As to the arrange meut of the church as we found it, at the west 
end were vestries, iiit organ loft, and a library. Hie general 
arrangement was pictare^que, but of the wurz^t character of the 
Heventeenih centmy. The lower part of the slnnc piers was lined 
with waiosoottng, aa i^Un tbe external walla. The altar table was 
raised on a platform enchased witli a wooden hatustr.idc, w»ith 
wall linings at the bn^k of a more ornamentaf character; all 
of the work of the end uf the sevenleentli or b«gtuning of th*3 
eighteenth century. The altar was decorated by a pajutJUg rt*pre- 
seuting an arcade of the loidc oider, cixitaining the Creed and 
(Nirnm^uidments. On entering on the work we r* coriiniende<l the 
entire removal of the vestries, organ loft, and lioraries* wbich 
cntiiely filled up the western bay of the church, the wall linings, 
HudthealtarUecoratious ; and we [proposed to remove vestries to the 
east end adjoining the altar, one of which is used by the minister, 
and the other by the elders of the church ; keeping the vestries 
low, so as not to interfere with the building or lo abridge its 
apparent size. We also proposed the removal of the south porch 
(which was not without its picturesque a^jject), and to replace it 
by a doorway more iu accordance with the style of the church ; 
for this we had no precedent, and it is strictly an addition. We 
also recommended the endosing by wooden screens of the bays 
at the east end of the church, which affords ample apace for the 
oongregatioQ ; and we recommended the decoration of the broad 
wall space at the east end by a fresco paiuiing, but tliis being 
inconsistent with the service of tbe church was not carried out, 
lior were we allowed (as was also suggested) to use any coloured 
glass for the windows. After the resfdutiou wbich the trusteea 
CHtne to at the end of July 1863, to restore the ancient building, 
»nd certaiu arrangements neceaaary in consequence of the altered 
plana, some time necessarily claaped before contracte could be 
obtained for the restoration, aud it waa therefore not uotil October 
of that year that the tenders were received and tbe work was 
actually commenced, 

Seeing the extremely critical oooditioii of the piera of the 
arcades, our first attention was directed to an examination of 
the foundations of thin part of the building. We therefore had 
the substructure of the piers exposed, and found that they rested 
on brii;kwi»rk, having apparently been underpinned, and that the 
foundations were peifectly sound aod sufficient. Having fully 
satiftified ourselves on this point, we resolved to retain thts wails 
anrl arcades out of the upright as we foun<i them, deeming it, in 
fact, impracticnble to effect any altemtion in this respect snort of 
jvtfujyjju^ the whole, and to put on the new roof without rebuild- 



ing them. The old veetriea, library, and org»u lod, which di»- 
fignred the weateru end of the church, having been remov€»i, the 
iret step was lo shore up thtj old walls, and place strutted ahorM 
between the arcade walls, and the walls of the nave and the aiilt 
walls, auii then to make good all the unsound partd uf the watia 
and arcades which were in a defective sUite, 

It was resolved to retain the rtat over the eouth aisle, whlcb 
was little injured, and the plaster and ceiling which conoealed 
it internally whs »^move<i. This ro4»f was eoustructeil with verjr 
itnperft«ctly trussed princip/iis, and some which ha^l do beario^ 
on the south wall were removed and new ones iulrotiooed, wiiK 
a proper bearing on the south side, and made to run eompletel/ 
through the arctide wall of the nave. The old ktng-posta and 
bnices were re framed, and the sjiaces filleti in with pierced panel- 
ling. This work wa4 neoesaarily done with great care and canlion, 
one truss only being removed at a time. Tlie old iin>ber« were 
then wrought as they stood, and new boarding was added t4> U>e 
under-side of the rafters. A new flat^ corresponding with thia^ wim 
tlien placed on the north aisle, tbe tie beams being carried throogh 
the a re id e wall as described above. Three of the six tie beams of 
the nave roof, th«>ugh they remaiued in t!»eir places^ were found 
ou a close examination to be completely burnt through at the ends; 
and the wall plates, which were large pieces of timber, were fm»iid 
to be in many places so much decayed that tt was neoessarj lo 
replace them, and the great size ai»d weight of the timbers to he 
moveil on the top of the injui*ed overhanging walls, and the r^ 
moval of and sub«4titution of new tie beams, causeil 8omeaoxiei7. 
Eventually, however, this was Rccinnpliahed, and new plates and 
tie beams'were in^erte^i aid framed, by mean?* of wall pins and 
bnic<*s, to the tie beams of the aisle roofa, which had bcra pre^ 
viously biOnght through the walls, and a strong king-poit truss 
formed ou each tie beam, the whole 6rmly bound together by 
strong wrtjuffht-irou stntpa, uniting the tie beams of the nave with 
the principal rafter of the aisle roofs. 

Six large dormer windi»w» were introducetl as a sort of clere- 
story at the ejwt end, and as but little light could be got at thai 
part of tbe church, being the part wliere the service is performed, 
ovving to the adjtuning buildings having been brought close up to 
the Walls. On the outsiile tbe roofs are covered with rough 
boards, felt and slates, ou the inside with white deal, formed into 
panels by moulding:?, to cover the intersections and joints, and a 
mouliled smd emUatled c*)rnice fixeil on the face of the wall plates. 
The whole of the internal boarding is varnished, without anjr 
staiu. The building having been thu» covered iu, the shores, bj 
which the arcade and exierual walls had been sustained whilst 
the roof wfts l»eing re-formed, were atrnck, and though tbe walls 
and piers have been cnrefully wa*ched, no further settlement or 
movement has been detected, 

Tiie intemal masonry was now cleaned, aod the chalk facing 
re-pointed. The tracery of the windows, which it was intended 
to retain, on examination proved lo be impracticable, for all 
mouldings of the windows had been cbippeil off, nails driven into 
the joints of the mnlUons, round which twine bad been twisted, 
and the monldings run iu cement. The tracery also was so much 
defaced, and so injured by decay, that it was found necessary U> 
restore the whole, which has accordingly been done, and a c^ireful 
and fiiithful reatoration made in Porthind stone, The old tmcery 
was of several kinds of atone, principally Aubigoy and fire stone* 
The graves with which the area of the church was c^3veretl, and 
of which many had been burst in by the falling of the roof tim- 
bers at the fire, were filled w ith concrete, and the stone paving 
re-laid, care being taken to retain every old sione» including those 
iu which brasses had been inserted, of which there is a g<»odly 
number, principally of Purbeck marble, but every brass h$d 
disappeared. The eastern part of the church is now enclosed by 
au oak screen, and the pulpit, organ case, and seats required for 
the congregation, are constructed with oak. 

The east wall of tbe church now demands our atteutJou; iHb 
was originally the arcade between the nave and the transept 
Previously to the present restoration it was concealed by a 
plaster screen before referred to, on which was fiainte^i the Creed 
and Commandments, and ladiiud this, on its removal, was found 
another lath and plaster con9tructi{»n, painted with a curioo* 
perspective interior. The removal of these screens reveale<l to us 
the construction of the cast end, from which it would iippear that 
the great arch which partly support etl the steeple or dechc had 
failed, and that another inner arch and piers hajd been addvd 
beneath it. This was probably done when the spire was rebuilt, 
after it was thrown down in 1362, This inner arch we com- 
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ietolj onojsi^lcei], nod retitored a» ruuch of it as is left uncovered 

■ ifie brick wall by wbich the eaat eadof tbe church ja enclosed, 

lUroftUy. two only of the buys on the south aide have been 

^faced with Kentttih rng atouo, all the reatremaiu covered with 

er. No vnrintjon hus been nj;iile in the form of tlie church, 

pt ibe removal of the old p4irch on the souih side externally, 

be auhtttitntfoD of another porch. With the view of obtain- 

Bfht to the enclosed pftrtsof the chui'ch, six dortQer windows 

ive been formed in the roof. To both of these additions I have 

efore nlluded. 

Since the reetoration of the church was commencedi a large 
of gruuriil has been excavated to the south of the chtirco, 
^wjtrda the eaBt of the present building, ju«t at the point where 
be traces *^f the former tmoaept may have been expected to have 
eu found, but no indications whatever of any former building has 
Esn met with. At the east end, adjoining the church, is a 
l»ehn«ging to our fellow, Mn Arthur Ashpitel, aad there 
till be seen in some recesses in this houae the arch mould - 
Ton the eaat side of the arch which now terminates the church 
atlta eastern end. 

To a great extent I have in the preceding notes followed the 
memoranda which was left by my deceased coadjutor, to whose 
ability in conducting the works, and of whose unceasing interest 
in it whilst he still lived, I am glad of this opportunity of record- 
ing, and also of my own deep regret that so promising a member 
of onr botly should have been so prematurely taken from us. 
AUusiou is made in Mr. Lightlys remarks to the similanty 
between the Temple church and the Austin Friars churchy and 
to the on© having been built shortly after the other, but if I am 
right the Temple church was built nearly a century earlier. The 
si^e of tht? two churches \b very different, the Temple church, 
between the walls, being 58 feet by 82 feet, whilst the Dutch 
church is B*) feet by 150 feet. The former has also only five 
arcades, wltiUt the latter has nine. The height of Austin Friars 
church to the under aide of the tie beams is 40 fsf t. 

The works of restoration were begun late in the autumn of 
lSG3»au(J the church was opened for public services In September 
i.f ]n',i \ f':ir^l8<5.>. Tlie total cost of the work executed will not 
i £tl,OiHX There still remains portions of the e.K ter- 
ry, und particularly the west front, and some of the 
on the tiottih side, which require restoring and part 
J It is the intention of the committee gntdually to 
ct»mplete the work they have begnu, so that it will be seen they 
htvf resptndtnl coriliilly to the opinion so warmly expressed, 
i^ for the preservation of the ancient church. The work has 
I ready as much as would have sufiiced for a new building; 
U not yet completed, and the sacrifice in value of laud, 
iL have been ittherwise appropriated, is at least equal 
I ', n uot uiure, than the cost of the works, Now this monument, 
whicli oont*iins the mortal remains of some royal and many illus- 
trious men, and which from its large size aloue entitles it to be 
Ciilled a noble building, will probably remain for generations t«> 
c'>t!j^? a record of former ;jeiierations-^f those timea when large 
imnMtic establish meut3 occupied a site now densely covered with 
l-nrj.ea devoted to the purfto^^es of trade and commerce — find of 
:Ke truly conservative spirit of the present guarilians of the 
Lhjr.zh, who, at no small sacrifice, have preserved the ancient 
oh u rah of AuMin Friars* 



THE NEW ATL.VNTIC TELEGHAPH SCHEME. 

Ok the 2nd nit a meeting was held at tbe London Tavern, of 
CfeDtlemen interested in the question of laying the moat efficient 
and economical lines of telegraphic communication between Eng- 
lanil Ami America and the colonies, and tbe advantages to be 
i^tiriv'^l fruTu the adoption of Macintoshes system of conatmcting 
de<?p H»^.'v r-afhUj., Tfie Eiirl of Shrewsbury presided. 

Th" ch'unnjiti said it wriuld be needless for him to explain the 
cuineft that led to the failure of the two attempts to esUbliah this 
teliTgraphio cr>mmuniGation by the Atlantic Company. They 
' too recent and too well known to those interested on the 
the Af iuwtii- 1 'Ompany, nothing daunted by their failures, 
w. !'i, an<l not only for the purpose of laying 

k: 1'le, but with a confident hof)e of grappling 

■ 1 y loflt, re|Miiring it, and completing a second 

1. Another company was, he was informed, 
'Uiic ui iuiiiiatbn for carrying out what was calJed the 




Noilhero route, and for which they had obtained the concession 
from the Danish Government, first'granted to Colon«l Schaffber. 
He believed it was their intention to lay a cable to Norway, and 
from thence to Labrador, v^d Iceland and Greenland, a route that 
certainly had the advantage of short sections. It would be seen 
from the advertisement calling this meeting that another candi- 
date was in the field, with another route and a new cable— nut 
exactly a new cable, fur his patent was dated some years back, 
but owing to the inventor (Mr. Macintosh) having been con- 
nected with the Gutta Percha Company, hia patents have been 
fn a manner tied up. He thought the best course to adopt on 
this occaaioD would be to give Mr. Macintosh the opportunity of 
explaining the nature of his cable and of the advantages which 
he claimed for it over other cables, electrically, mechanically, and 
commercially ; and then, taking those advantages in the same 
or«ler, he should be glad to hear ihe remarks of any electrician 
present on the electrical properties ; and on that important piirt 
of the subject he had no doubt the meeting would prefer to hear 
tbe result of practical testa rather than theoretical hypotbesea. 
He should then be happy to listen to the remarks of any tele- 
graphic engineer or cable manufacturer on the other points; and 
if any practical gentleman desired to make any remarks on the 
cables or routes, be had no doubt the meeting would be glad to 
hear them, and finally, he hoped that the discussion would be 
conducted with that temper and forbearance so necessary to 
enable them to derive ali^ohite benefit from it. 

Mr. Macintosh proceeded to explain the advantages of laying 
a cable direct from England to the United States, vid PalmontS 
and Cape Cod. The prop-oaed route was divided by shallow 
water into four part«— Chaucer's Bank, Milne Bank, and New* 
fonndland Bank, so that in case of accident the cable could be 
readily recovered for repairs. The peculiarities of the Mac ntoi»h 
system of constructing telegraph cables consisted in nsing a new 
insulating material of superior efficacy to any known substance, 
which enables a rate of 80 per cent, more signalling power to bo 
obtained than in the case of the late Atlantic cable. All external 
iron-wire sheathing, whether alone or in combination with tarred 
hemp, as in the late Atlantic cable, and all steel wire spiralled 
round the conductor, would bo dispensed with, and thus one 
great source of danger and expense was avoided. The mechanical 
strength requisite for the cable was obtained from tbe materials 
employed in insulating its conductor, which material was applied 
in numerous thin coatings or films, under tension and a pressure 
of several tons, so that all superfluous weight was avoiiled, and 
8ucl» an excess of strength was obtained that the cable would 
sattain twenty miles of ita length in water ; and three cables 
could be constructed by Macintosh's system for the price of one 
such as it was lately attempted to lay across the Atlantic. The 
conductor of Macinlosh's cable consisted of a aeries of fine copper 
wires, laid longitudinally, and held together by the insulating 
material ; the cable w^is constructed in one continuous length, 
without welds or joints* and, when finished, was at once the 
smallest, lightest, least expensive, and most effective submarine 
telegniph cible known ; and, moreover, it could be laid with a 
decreased risk of failure by the adoption of Mr, Macintosh's com- 
pensation appamtus for paying out cables with an uniform ten- 
sion in all weathers. The soundings by the proposed route were 
very favourable, the cable could be made very inexpensively, and 
its greatest safety would be in getting into the deepest possible 
water. He had not brought forward his project on the wreck of 
the Atlantic Company's scheme, for it was eubmittrd to the 
Leeds meeting of the Bntish Association, nearly eight years ago, 
in the section over which Mr. i'airbairn presiiled, and his opinion 
was that all deep-sea lines should be made with a conductor and 
insulateralone. The result of experiments already made shows the 
weight and capabiHtieii of equal lengths of the tate Atlantic cable 
and of Macintosh's ciible in the following manner : 



GoDdoctivity m lbs. oopper 
Weight of insulating niaterial ... 
Inductive r&sistaaoe in lbs. of 

gutta* |jereJm .., 
Diainfc-ter of caljle 
Weight per nauticid milo in air - - . 
Weight pernauticaj mile in water 
Specific gravity ,.. 
Breaking weight 
Weight of 28UO nautical milea 

of cable 



Hew AllauUc. 


Mftcmt«h'fc 


300 lb. 


300 lb 


400 lb. 


400 lb. 


400 IK 


'2000 lb. 


l^^ inch 
35i cwt. 


^iuch. 


', e\*t_ 28 III 


14 cwt 




il 




ll.OUO faths. .. 


\7,0QQ Uihm. 


4.111 tona. 


TI8 ion*. 
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From the above sUteraent it will be seen that 2rKK> lb. of gutta- 

EvcUtK are only equals for purposes of insulation, to 40() lb. *>f 
acititosh'a ooiupound, ami lb<2 renpeutive cn^t nf the materialt 
P«r pound ia at leaat three to one io favour of the compound. 

Mr. MaciDtoah aaid he could l.\v Ijia cable down fur £100 per 
mile, and he bad made that offer to the Atlantic Company. If thc-y 
persisted in their old course he had no douht that another line 
would be laid dowo long before tlieir line could be completed. 

Captain Selwyn wished to know what s'irt of calde could \*e 
conBirncted for £100 per mile, and what would be the rate of 
speed? Would the cable be of the same length and with the same 
apeedi or of greater length with the same speed? 

Mr. Maciatoah aaid the cost of the line to Newfoundland would 
be £100^00U| and with the same sized oonductor be could get at 
least 80 per cent, more signal ]Kiwar» 

Captain Selwyo regarded with intereat the development of a 
new material of so much pronjise. He believed that the state- 
ments of the inventor aa to the advantage of the material con Id 
be proved, and he considered it was aa applicable to under- 
ground electric telegrnph lines as tubmanne cables. The route 
proposed by Mr Macintosh was one in which there was no deep 
water fi»r any great length. The distance to the first sandbank 
was QOO miles^ the next distance was 500, then came another 60Q, 
and then one of 430. In no case was the depth more than from 
JtXI to 200 fathoms, ao that the cable might be e/isily r»»covonjd 
if broken, and the risk to the shareholders was couseqnently 
diminished under atiy circumstances to 1>(K) miles, which was the 
greatest loss it could incur. The Northern route h'ul ul»o the 
advantage of being divided into sections, but it had the disad- 
vantage of having nine shore ends, and all electricians knew that 
ihor« ends were the great ditficnlty. 

Captain Davis, as a nautical man aoquainted with laying deep- 
sea cables, would prefer taking the responsibility nf laying three 
of Mr. Macintosh':! cfibles to one of the Atlantic Telegraph Com- 
pany's oablea. He remarked that, as there was nothing to pay 
for oonce8sion,tbe aiivisability of forming a company to carry out 
the scheme was well wortliy of consideration. 

The chairman inquired whether Mr. Macintosh had any cer* 
titlcatas as to the electrical condition of the cable I Mr. Mjiciu- 
tosh replied th'it he had those of Mr. Desmond FitzGerald and 
Prof Miller. 

After a lengthened discussion relative to the various materials 
employed for insulation, Mr, Harry Lobb moved the following 
resolution: — "That, having heard Mr. Macintosh'^ statement, 
this meeting expresaea cuntideuce In theadvantages of his system, 
and of its applicability as a means of direct telegraphic oom- 
munication with America and the colonies.*' 

Captain Symonda seconded the resotntiod, which was carried 
unanimously; and it was ^kgrecd that another meeting should be 
held for the purpose of further considering the matte n 



THE MONKS* CHAPEL. NOKWICH. 

The Monks' Chapel, off Elm-hill, Is the most recent building 
of importance which baa been erected in this city. It ts the first 
erection for what will be a large missionary establishment, com- 
prising schools ami cloisters, and an industrial home for the con- 
gpegatioa of **8t. William, the boy Saint of Norwich." 

It stands 16 feet parallel to the longest side of the premised, 
taxd 10 feet from the north end; thus there is room for an aisle 
some day, when the intnuios of the nave arcade will be cleared 
away, opening four bays of 14 feet by 20 feet high. The bnt- 
tresttea will then be carried over the aisle, and cut away from 
their present position. The ground on the other side is irregular, 
but the adjoining proj>erty is very narrow, so perhaps the aisle 
will be completed on the other side as well, some day: then the 
chapel will be 60 feet wide, interrupted by six pillars. It is now 
30 feet clear by 78 feet in length, 34 feet by 92 feet outside. At 
the north gstble, where the tower will stand, there are sacristy and 
vestry on the grouud-floor, and monks' choir and organ-chamber 
above j the gable is pierced with five o^ienings to admit the sound ; 
Uiese are screened from view by the baldachin over the high altar; 
ihe upper portion of the gable is panelled for frescoes ot the Annun- 
ciation, Manifestation, and Ascension. 

The monks reach the choir by a flight of stairs outside the build- 
ing, uuiler which sUirs is a doorway and paasfige between the 
uurth gable and the raised footpace of the high altan Under an 
arch wliich carries the super-altar are two doorways 4 feet apart ; 
i^«r wnJJ betn-eea them, wiih the jmrtition-wall between sacristy 



and vestry, as a buttress as far as the dr#orwav eommonicatinff J 
between these two, forms the pier, which, together with the w<4ll 1 
on which the stab rests forming the high alLir, will, it is intended^ 
carry a spit*e of stone on marbie shafts, as canopy to the tbrvne 
and tabernacle. | 

This passage also communicates with the opposite outaide of 1 
the chapel, and by a flight of steps with the chancel floor, which 
is 4 feet above that of tlie chat>el. 

The high altar, 10 feet in length, is raised on a triple footpace* 
A stairciwe leads behind theaedilia to the floor of choif and organ, I 
and on the other side of the chancel staii-s lead from this floor ta ^ 
the top of the acreen, on which are the ambauea for the gospela, 
&c. These stairs are screened from view, and hidden by piers of 
chancel arch. The side attars are under the screen, which eutirelj' 
covers them, forming two separate baldachins. 

The chauceUai'ch, 2o feet 6|>au, 4<J feet high, is tied across on a 
level with the floor of the screen with an iron rod, and one 
reaches from the crown of the arcli to this ro.l, and is partly 
bidden by the rood cmcilix. The arch paaaea behind one of the 
principals of the roof, the framing of which is boHnie.l. The first 1 
bay of the nave is appropriatett to lay clioir, footpaces of tide 1 
altars, and ascent to cbanceL It is divided from the rest of the j 
nave by a plain brick wall, leaving about 50 feet by :.*0 feet for j 
the cuugregation. The wall plates are 23 feet, tlie ndge 5u feet. 
The clerestory windows above wall-plate are ct.>uplet lancets with 
a circular aperture above, entirety carried out in spLiyed bricks* | 
The south gable is a handsome piece of briL-kwork, as ttie but- 1 
tresses which project inwards divide three archways, also lem- j 
porarily blocked up. Over the centre one is a wheel window, I 
over the side ones panels for frescoes. The tracery of this window I 
consists of three lancets, over which is an elongated vesica, a&d al 
circle above, on either side of w'hich two more vesicse pisces, andf 
a fourth on the top; the four spandrels contiiin drain pipes, which j 
admit tight and reduce the heavioeds. The window is 9 fee(] 
wide, i;^ feet high, and 14 iuche.i deep. All mnltions are 14 
inches \ all the bricks next the light are splayed. The buttresaes 
are arched over it» 

The roof is framed like the pons asinoruro in Euclid, and 
boarded and slated. All arches are semicircular, and stilted on 
from one to four oouraes^ excepting the chancel arcb, which if 
three-quarter, and the lights in the windows and the arch over 
the high altar^ which are equilateral. The spandrels and arches 
of the nave overhang the 4|-iach pilasters 2^ inchea, and thu« 
help the buttreaaes to keep up the roof The style is simple and 
solid, and pretty evenly divided between Norman and Firvt 
Pointed. '* Brother Bran nock*' waa the architect; Messrs. Laoe/| 
and Son were the builders. 



New Masonic Hall^ Ipswich. — The New Masonic Hall in Brriok* 

street, Xpsw^ich, has been consecrated and opened. The building 
stands Wick from the street, and abuts upon the passage lending 
to St Stephen'a-cburchyard. It is of red brick, and has no eiiteruiu 
pretensions to notice. The building consists of en trance- halJ, bati- 
queting-room, lodge-room, aule-room, and rribing-room, a eom» 
mittee-room (upetairs), and a bailkeeper^s reaidence,which fronts 
the churchyard. Tlie whole building is 93 feet in length, 
lu the centre of the floor of the entrance- hall is a diamond stone, 
bearing in illuminated chaiactera the names of the various donors 
whose gifts embellish the hall. There are various emblematic 
designs about the building. The ludge-room is 4/) feet long, ^ 
feet wide, and 17 feet high. At the eastern end ia an alcove, 
conBiBting of two Doric columns of Parian marble, supporting an 
enriched arch, with pomegranates, lilies, and emblems pertaining 
to the various degrees in mason ly, keyed in with a masonic 
stone, in which is sculptured the All-seeing Eye, the nuiiattona 
of which will, when finished, bo enriched with gold. The < 
of the alcove is studded with atan^ which will be gilt, on agr 
of cerulean blue. The ornaments upon the span of the arQli-| 
also be in gold. A dai:j will be erected, on which will sit, be&e 
the canopy, the W.M. of the lodge and brethren who have qimlified | 
themselves to occupy that p^jaition, The means of lighting th«| 
room by day is by two large margin ceiling-lights, with niaaoniQl 
mouldings, and fluted and coloured glass. At the wesU.«ru eudf 
is the organ gallery. The furniture of the room harmonises j 
with its character. Masonic colours— crimson, purple, and nky- 
blue— have beeu used throughout. Ttie builder wiia Brother J A 
A. Pettitt. The stonework was done by Brother Chinnoekl 
(Tovell, Chinnock* and Co.); tlie gas, &c,, by Brother Luc 
Brother C. T. Townaeod designed many of the decoratiomk 
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TiTE ARCHITECTURAL ASSOCIATrON. 

Xho ord'iUkrt fortnigbtly meetmg of (he Awoctatinn wfis held on the 
2nil alt.» dr, R. W. Eilj» m ihe cluur. Meaara. P. A. Hammomip 
K» Punl^, itntl C. K. Jonea were electeii memben ot ihe AiHOciatiaiu 

Mr, L<taon ihon rtsd bin ptper, m follows: — 



ON TE E PEOSPECT OF IMPBOVED DWELLINGS IN 

LONDON. 

By James Lemon, Assoc. Inst. C.E. 
Tbx object of thiji paper ia to draw atletitlou to the preseut 
sj9lem of constructing morl^rn dwellings; and to offer a few 
«agj5*8tioni which muy tend to check the predent evils, and indi- 
CAte the way lowartia the imprtivemeut of the domestic arobi- 
tactare of ihe Metropolis. 

in the Buburba houaea are springing up id all directions, yet 
how few, if any, have been designed by an architect, and are 
being erected nnder his auperintendence. Does this not suggest 
a want of public confidence iu the profession 7 But, says the 
aidiitecturjtl student, 1 have not turned ray attention to domestic 
architecture; there la not Kutficicnt scope for the practice of the 
art: I wish to design a building which shall be at once an illus- 
tration of ray professiouil skill. I would answer to this, that the 
young architect may Hud some difficulty in obtaining the area 
for the exercise of his skill which he thinks he ought to have; 
whereas he may easily build a house for hia neighbour if he only 
imhowa him be is competent to do so. To return to the subject 
lliefbre us; whatare the defects, and the prospect of in^provement? 
I The freeholder, as soon as the increase of population causes a 
' ©OiTe«ponding increase in the demand for houses, and his ground 
becomes eligible for building purposes, places himself in the 
h&odsof an agent, who uses avQry means in his power to let the 
land on lease, by the offer of liberal advances to builders as the 
works progress; and in order to obtain as much ground rent 
Sfl possible, crowds as many housen upon the site as he possibly can, 
||0 the i;r»*at detriment to health of the subsequent occupiers. In 
some instances an architect is employed, but this is the exception. 
The spt^culnting builder who only Ukes ground where there ia 
money advanced, in many cfiaes, is deficient of the necessary 
eapiul Uy Complete the houses, or even to roof them in, hut has 
•Qcugh to pay the wages until the houses are floor high, the 
luateiials are easily obtained on credit ^s soon as he obtains 
the first driiw, he is enabled to refund himself the amount of the 
wages8j>ent, and also to go on until he obtainsa second advance,and 
iM>ou until the work isci^mpleteil, rf the houses let and sell readily: 
if uot, the mortgagee forecloses, the builder, having nothing to 
l<»e, is well paid for liis time and trouble, and the tradcHmeu who 
•upply the materials ai*e left to suffer the loss. Although there 
are many instances to the contrary, where men of capital have 
coTereil large estates in a satisfactory manner, yet, generally 
•peaking, it is by this pernicious system that the suburbs of this 
Metropolis are being built 

How then is it to be expected that the workman, or the small 
''^' ''^-' *u, or clerk, can obtain a dwelling fit for occupation, 
only object of the builder has been to erect the greatest 
* c*>vered cubical space, which he calls a dwelling, at the 
ible cuat ? I do not lay so much stress on the want of 
I , uies for the clerks or other persons following a sedentary 

occu|*»tiou, because they can live three or four miles from their 
office without much inconvenience, and therefore it is merely a 
oue of supply and demand; but with the workman it is a very 
different matter, it if* most advantageous to him to live near his 
employment, consequently he has no other resource but to 
inhabit the wretchedly -built, badly^rained, and ill-ventilated 
hovels wlHch we see In all the poor districts of the Metropolis. 
The lamentable results of ihese wretched dwellings, have been 
BO accurately wnd forcibly shown by the public press, that it is 
unaece«»ary for me to recapitulate iheuL 

It has f^ften been urged on behalf of scamping builders, that 
the nublic who buy are alone to blame— if there were no buyers 
of r).--*. h.-im^» there would be no builders. That is true to a 
<»«'t'- '»ut how many of the fiuichnHers are iu ignorance of 

t^j'' _ !fj of the houses, and who are pievatle<l u^H>n to buy 

1 lusihle stftr^nneut of the builder, that everything has 
< i in a substantiril manner. Another, aud a very large 

cliw«oi oiiyerH. are thoae who will buy anything which shows a 
good prr c4*tii3*gefor the capital invested: with lhn«© there ia only 
one rftnu-ily, and that is very stringent building regulaliuui 



The general pubUc have very erroneous ideas of the Building 

Act, they imagine that the district surveyor is responsible for all 
the structural defects in a modem building, and therefore, if they 
are pleased with the arrangement and external appearance of a 
house they wish to purchase, they conclude that they are right 
about the walls and timbers, as the district surveyor has looked 
after all that. 

With the view of showing the defects in the regulations as to 
new buildings, I will give a short abstract of some of the evils of 
cheap building. I do not mean to say that everything is neoea- 
sanly bad which is cheap, I only include those concealed parts of 
a building which are scamped in order to reduce the c^jst) and 
increase the builder's protit 

The foundution is the portion of a building which should 
receive the greatest amount of care and attention, yet how oftea 
do we see it otherwise. The Building Act stipulates that the 
foundation shall rest upon the solid ground, or upon concrete, or 
upon otlier solid superstructure. In practice it does not bind tba 
builder to use concrete if the ground is solid, so that we have 
houses built upon clay, loam, aud other soils, without any pro- 
vision against damp by the insertion of damp-proof course, or 
slates ill cement; the result is, the damp rises up the waits like 
the sap up a tree. I was employed about nine years since, to 
make an estimate for finishing some carcases at Notting-bitl; 
when 1 found the damp had risen half-way up the lower story, 
the necessary precautious not having been taken in the construe* 
tion. Another evil often perpetrated ia the omission of proper 
space under the lowermost floor for ventiUtion, I have knowti 
instances where the joists have been laid on the ground, and the 
footings cut away to receive the ends. Yet when this floor waa 
laid everything appeared saliafactory, and if a surveyor examin- 
ing the pt^mises neglected to have a board taken up he might 
be easily deceived as to the real state of the case. No building 
should l>e erecteil with less than one foot clear space under the 
ground joists, there should also be a connection with the external 
iiir back and front, so that there may be a direct current right 
through. Care should be taken that the ground does not rest 
against the walls above the level cf the damp-proof course: pro- 
visions should be made for either iui open area or dry area with 
good ventilation. 

Another defect of modern building by which the lives of the 
occupiers may be endangered is insufficient timbering. Modern 
builders have found out that the element of strength in a beam 
is the depth, and they have carried this princifile to such an 
extent, that we now see boards on edge made to answer as joists. 
I do not so much object to the deficiency in thickness in joists if 
they are well strutted as to the want of suflicient depth in pro- 
portion to the npan. Many persons are so ignorant of the 
strength of timljers that they have a stereotyped scantling for 
joists, which they use for all spans in small houses. The restilt of 
auch a system luay be easily imagined, in some cases they have 
more than euttioient and in others the deflection is considerable. 
Of :di ptu'tions of timbering iliere are none so often scamped as 
the lintels, and when we consider the small proportion they bear 
to the total quantity of timber iu a building, it is surprising that 
men will injure the stability of a structure by crimping their 
scanlliiig. Gutter plates* in V Tooh also afford a grand oppor^ 
t unity to the cheap constructor to save timber; it is unntoessary 
to state th.it he does not hesitate to avail himself of it, conee* 
quently in a short time thei-e is a permanent set; this is one of 
the causes of leak^ roofs. 

Liglit rafters, of long span, are amongst the thinos to be 
AVoi<led in construction. A really good, strong roof may he easily 
constructed by the intro<luction of a light truss, or by trussing 
two of the rafters, and placing the purlin upon the crutch formed 
at the junction of the strut with the rafter. By this means in 
smalt lioust^s the span of the rafter is reduced to a minimum, 
and one nf small scantling may be used with beneficial results. 
The couatruction of roofs by judicioui* trussing is a matter in 
which scientitic knowledge will give the architect an immense 
advantage, enabling idm to design a stronger structnte with the 
same quantity of, and in many ci«ses less, material. 

In the present mode of designing shnp-frouts the brestsummers 
are mostly formed of a baulk ot litnlMjr, resting upon stofy- 
posis of small seautling, and in niHuy oises without uny ties to 
the jointR, to prevent the entire front from pitching into the 
street. AlK)Ut two years since an accident of tJils kind occurred. 
It is a cnmuiou practice to construct gutters of zinc or liglit lead^ 
imperfectly laid, without sufficient lunt'U\^ iiu<k% tW <4^\fej^ sit 
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tiles. With respect to zinc, I have not that prejudice against it 
which many iDem>>ers ot the profe.<tsiou have. I ara of opinion 
that it is a material which requires to be better known to ho 
more .ippreciated. It has been U8f<l in tliis country of a thickness 
which is almost unknown on the continent; hence the fjiiluro. 
If, instead of using No. 12 gauge for gutters, No. 10 or IG were 
used, you would have a material which would last fifty years 
without repair, at one-third the cost of lead. 

I am satisfied that we should have roofs which would keep out 
the rain more etlectually than they do now on many of our 
dwellings, if more attention was paid to tlie disposition and fall 
of the gutters, if the number of drips were increased, and the 
metid laid loose, and not fixed in any way, to prevent the expan- 
flion and contraction. Box gutters are much better than the 
>;atters which ai-e furred up on the nifters, as a better fall is 
easily obtained, and by reason of their ireater depth and less width 
a greater hydraulic mean depth, and therefore increased velocity, 
thereby sweeping away defxisils of loose ro<irtar. 

The structural defects of our mtxlern dwellings are too nume- 
i-ous to relate in detail in a paper like the present. I must, 
therefore, conclude thin portion of the subject, and pass on to the 
consideration of the defects of [»hin and design. 

The present mode of planning workmen's dwellings is capable 
of consitlerablo improvement. I do not here include the various 
model dwellings, which have been desii,'ntH.l by Mr. l)arl»yslnro 
and others. 1 more particularly allude to tUoaa buildings which 
have been constructed without professional assistance, eillier on 
speculation, or with the view of securing a high rate of interest 
for the money expended. 

In the districts of Bethnal Green, Bermondsey, and .some 

?irt8 of Lambeth, we find dwellings in a most deplonible stite. 
hey were originally built for one faun'ly, but are now occupied 
by several. 1 know it would be a dilKcult matter to prevent the 
tenants of small houses sub-letting, but it is a question which is 
seldom taken into consideration when the houses are ])lanned. 
When it is known that the locidity will not command tenants, 
who are in a position to pay the whole of the rent of the hou!i»i*, 
and in order to do so they must sub-let, why not constnu.a tlie 
dwellings for two or more families, and let each have tlio 
necessary conveniences for domestic comfort. 

In the moderu houses of Paris, the workman can obtain 
one, two, or more rooms complete in themselves, at a very 
modenite rent, whereas in our Metropolis, he must pay a higlier 
rent for wretched af)artuieuts and no accommodation. One of 
thedefectsof plan I wisli most particularly to jwintout is the system 
of designing two rooms with only one entrance to the pjiss.ijL^o, 
so that the occupants of one room must pass through the other; 
also, the common mode of placing the bick kitchen as an out- 
buihling, so that, in order to gf) into the garden or yard, the 
occupiers of the other rooms must pass throufrh it. 

With regard to basements, I am of opinion that they are 
objectionable in any case; but, if unavoidable, they should bo at 
least half their height ai)ove the level of the street, and should 
not be less than 7 ft. G in. high in the clear. Amongst the 
disadvantages of basements, I may mi.Mitiou that they entail 
increased cost of drama:;o of towns. For example, in S<)Uth- 
ampton there is an annual expense for pumping, solelyon account 
of a few basements, whicli induced the surveyor to place his 
8ewei*s at a lower level than he otherwise would have done 
Why architects and buildei-s shouhl have such a great desire to 

go down below the level <if the street with their rt)oms, and 
urrow under the earth like the North American Indians, I 
cannot conceive. There is plenty of room upwards. Stn.'cts in 
time are raisetl above their ohl level; therefore to obtain that 
amount of light and air so necessary to health, by all moans 
keep your buildings well uj). It is argue<l that you cannot 
obtain the necessary oflices without basements, but in answer t«» 
that, I would say, in town houses they can be much better dis- 
posed on a mezzanine story. They are equally easy of access fr«»ni 
the street, and are more ceiitrally situated with reganl to tho 
other rooms: also the ground story may by that means be used as 
a shop, as in Paris, entirely distinct from the other portion of the 
house. Then again, it is a custom to use the basements for 
Btores; of course, if you go down with the walls to get a good 
foundation, it is economical to utilise the space; but why ni»t 
utilise the space in the roof? In the medioBval buildings of some 
^rts of France and Germany, the attics were useii for the pro- 
v/Moii of gmiu and other atorea, where they wei*e kept diy (the 
rooA beia^atrongljr bailt did not let the nia through); we, ou the 



contrary, place our stores in the cellars, where they, in many 
cases, l>ecome damp and musty. 

It is extremely desirable that each living ro(»m should be pro- 
vided with a good larder connected with the external air by 
means of an <^peuing fitted with pcrn>rated zinc; also sufficient 
space for one ton of coal, not underneath the larder as in Peabody- 
square, which I think objectionable; a gooil sink and sufficient 
water-supply are also im])ortant, if of rain water, as well as spring 
or river water, so much the better. It is to be regretted that the 
question of storing the rain water does n«>t receive that amount 
of attention wliich it merits; it is very useful for washiuf^ 
purposes, and, acconling to Mr. Itawlinson and others, would 
effect a large saving in soap. 

The cooking ari-angements in the houses in Tjondon are much 
neglected; there are now many smad ranges an<l gnites manu- 
factured, which can be obtained at a low ])rice, and are much to 
be preferred t^) the old-fashioned stoves in or«linary use; the 
economy of fuel is a subject which should engage the attention of 
every architect. 

The ])lanning of bedrooms also requires more consi<leration 
than is usually bestowed on the subject, the position of the bed 
should be determined, and not left to chance; I think the French 
plan of placing it in a recess has soxne advantages, because it 
enables a person in indigent circumstances to make one room 
serve the ]»urpose of two, as the bt;d can be screenetl from view 
by folding doors or by curtains, and at night the occupants have 
the benefit of a much larger cubical space than CJin be obtained 
in the ordinary-sized bedroom. With reiiard to the cnbical 
space necessary for a bedro<'>m oc.?upieil by two persons, I am of 
o])inion that it should not be loss than 1000 feet, although the 
rnonis in the model dwellings designed by Mr. Da rbyshi re contain 
less than 800 feet each, and the rate of mortality is very low. 

I now come to a p'^rtion of my subject upon which I bold 
somewhat strong opinions, viz., ventilation. 1 consider that it is 
of as much imp«»rt:moe that some means of exit should be pro- 
vi.led for the vitiated air, as that a fireplace should \xi provide<l 
with a flue. Every architect should make himself acquainted 
with the principles of ventilation, ami not put himself in the 
hands of patentees, some of whom kimw very little of the subject, 
and cnileavour to give a scientific colouring to their inventions 
by elaborate diagrams, and all kinds <if complicated contrivances. 

Ventilation in an ordinary buihling is really a simple matter, 
and oidy requires a knowledge of natunil laws to successfully 
carry it out at a small cost. If an outlet l>e pro^^dl»d from eacn 
room into a flue adjoining that fnuu the fire, so as to create an 
up-tlraught, the vitiated air being at a high tem])erature will 
pass ofl', and fresh air, which may 1k3 introduced at the lower 
portion of the room, will supply its place. I believe a 3-inch 
cast-iron pipe fixed in the chimney flue, inm being a good con- 
ductor of heat, would answer admirably; or an iron flue from the 
kitchen in a brick chaml)er, as adopleil at the Langham Hotel, I 
have no doubt would answer very well. 

I:i the planning of impntved dwellings in London, in my 
opinion, there is an objection which makes them less popular 
than they otherwise would be, they are too much like a barrack, 
several families are mixed up toj»ether, and there is a want of 
privacy which is disttsteful to tlie Knglish feeling. They are 
likewise .as at ])resent constructed ill a<lapte«l for children; a 
great number of rooms being placed on a floor, with one corridor 
common to all; in the event of the appearance of those contagious 
diseases to which children are liable, there is considenble danger 
of the whole of them being affected. With reganl to the arrange- 
ment of the conveniences some objections may certainly \>e raised. 
I consider that in improved dwellings not more than eight rooms 
shouhl be placed on a floor c^^mmon to one staircase, they can be 
so planned that four rooms can be let to one family, and form as 
it were a small house, with an inner hall communicating with 
each room; also a separate water-closet, s|wice for co-als, larder, 
and other conveniences. Such buildings I am convinced could 
be built to pay 7 ]^er cent, interest on the ciipital invested, and 
would be eagerly sought after by good tenants. Another plan 
of constructing improved dwellings is what is called the external 
gallery system. This mode has some advantages, for instance, 
there is more privacy than in the corridor system; on the other 
hand there is a <leficiency of window light from the projection of 
the L'alleries; likewise the convenience of a tlrying room and 
bath rooms, which Mr. Darbyshii-e has placed in the top stoi^ of 
the houses in Peabody- square, is not so easily obtained. 

I believe that those gentlemen who have erected model dwell- 
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fngtOD expensive frteholfl gites hnve tlelerretl cnpttnli^ti from 
UkSog up tlie ftnljjecL Many of the btiildinga srt erected par ao 
toiall n perceulAgp, that persons who have etnh:»rked iu the 
iebem« have doue ao fmrn [►ure benevolence. To the credit of 
tbe poorer cUases in this conntry, thore Ia an iu lepeiidence <^f 
diJiriicier, which Cruiaes the id^a of living in hou.-*e3 erected by 
ch&nLy, «}oue sutfifient to prevent many from occu[)yrng them, 
TIm capiulist shimid adopt the same lueKtiB wfiich he wmdd if 
h^ wem to huihl any other structure purely for investment; that 
is if>sny, select a piece of uncovered ground at a rea«imable ground 
rent, on a long lease, and erect hia dwellings thereon by contract. 

With retjpect to design in an artistic point of view there 
19 mneh to be done. I fear the public are not anflicienlly 
edueateii to appreciate art- work; they know th:*t a picture or a 
fltatti* ia a work of art, hut they do not know that a buihling 
iDfty be, or ought to be, equally so: they weigh only their market 
price, that i» to Bay, the cogt of the material and labour, and the 
profit thereon; they d^ not appear to understand that a building 
i>roduoed hy an architect, who is an artist in every sense of 
the word, U as priceless aa the work^ of a painfer or Hculptor, 
aud ahould be pnid in proportion to its artistic value an a work 
of art^ In treating my auhject I have not [ilaced architecture aa 
no art laet oi» my list, because I think it of aecondury importance, 
btjt T have mert^ly followed the ordinary pro fea,^ional custom, viz., 
the plan firftt, and the elevation afterwards. If we cHticine the 
ordinary outline of our dwellings in the Metropolis, we shall 
fit»,^ tli.nn to resemble so many square blocks, with oj^enings 
lb 1 »ora and windows: there is a total abRetiee of shadow 

•II 1 il is K%re and monotonous; and In rej>eat the words 

of that ot'iebrated critic, the late Cardinal Wjsi*man, one cuuid 
imagine that the builder's bill was aa follows: — To one house as 
per pattern, 5o much mrmey; to ditto ditto, so much; and so on. 
I osast cnnfcsa there ia an amount, of truth and honesty in a 
Gothic dwellitig which does not exist in those pht-^t^'r abomina- 
tiCkRs which we see in the 8uburt>8 of London; in the one case 
tbe architect or builder has constrncted his i>rnnuient; and in 
tlie other he haa endeavoured to ornament his const ruction by 
oovering an inferior material with cement, in imitation of eioue; 
mod what is wonse, has attempted to reproduce the grandeur and 
refi" • ' * if Greek and Itoman archilecture, without any know- 
gh ver of their beauty of proportion. 1 know <if nothio 

tncu . -.,^. -holy than the dec;iy of some of our squares «nd 

Btreot?, which were once considered respectable, built in a style 
which requires constant renovation in the shape of painting or 
C9>b>nHng, Directly the now glftsa has disappeared the occupiera 
l>eg»n to think of moving to some more enticing qunrter, whereas, 
if they had been designed, as some of our media; val dtmieslic 
buildinp were, with honest materials, without any attempt to 
o^Doeal the constructive features, they would have mellowed 
with time, and improved with age* 

Amongst the defects which are most notable ia the commoo 
practice of placing piers over openings in the arrangement of the 
filevation of the first tinor. Then again, there is a want of cflect 
in the sky- line by the introduction of high parapets and Y roofs. 
Wf I the most beautiful ft-ature of a butldinpf ? — that is to 

•a' Tcated. Why not bring the roofs bolilly forward to 

puifiM *..-v, , and not hide them liehind a high wall, as if yon 
were ashame'l f^r any one to see them ? Not wishing to slave- 
Uhly copy media?vnl domestic architecture, still, I think, with 
the many iiu|»roved materials which we now have, which ouf 
forefathers h.Hil nor, we ought to be able to produce a convenient 
lionestly-bnilt dwelling, in an artistic form, at a moderate cist. 

With regard Ui materials for cottage buihling, I wi«h to 
call attention to Portland cement concrete. The manufacture 
of Portland cement has now arrived at that state of perfection 
that its u»e is greatly extended. Portland cement concrete 
blocks have been substituted for masonry in the construction of 
ana walls, with most satisfactory results. Mr. Hawkshaw has 
found it ta answer the purpose admirably, both in England and 
on the r ind I believe he is about to carry out extensive 

workd V i "tid cement concrete blocks, without any facing 

whatever, uiui !i will be exposed to the alternate action of sea- 
water and the air. The inference I draw from this is, that 
concrete might be more extensively used fir walls of our dwell- 
ingi in lieu of brickwork, »*t half the cost. It is certniuly a 
material well worthy of trial, as it would make a most important 
dilferenc© in th«? cost of workmen's dwelliugs. The question of 
imnrnved buildlttg materials has been so well treated hy 
Mf v%* that I feel I can atld nothing, and therefore 

vvcii CO 71 tent to ienTo it in bis bandsi 



Having, to some extent, pointed out the present defective 
mode of buildioj;?, I will now give my ideas as to tbe means which 
should be adopted to effect some improvement. I confe«ts that I 
see very little f>ruapecl of iniprovement under the present mode, 
but if the architectund profession generally, more cspeciully the 
younger mem hers, wiJl give the quealion their conyideralioDt 
with a view to reform, I think they may elfect a radical change. 
I consider thjtt no buihling, however small, should be erected 
without the asHistance of an architect; but yttu will natumlly say, 
the fault does not rest with the architect; be would only be too 
willing to extend his practice if the public would employ him. 
Herein lies the gist of the whole question. The architect moat 
show the public, who now dispense with his services, that it is 
to their inlerest to emplcty him. Then how is this to be effected 1 
I submit that ii is to be done by enforcing a higher siandard of 
education, and hy giving tlie young architect greater fjicilities for 
acquiring a practical knowledge of the details of his profei*sion. 
Arehiteciuriil atu.lents are not deficient in artistic skill, as the 
drawings of our Class of Design bear wituess. I wlwh I could say 
the same of their constructive talent. I admit that the chief 
thing an architect has to acquire is a thorough knowledge of 
drawing, but siifl he mu-st not forget that drawings are only the 
means to an end; it is the buUdivgs themselves by which he will 
be judged hereafter, when the drawings are, perhaps, mere waste 
paper. 

It is very essential that an architect should have a thorough 
knowledge of the nature and value of buildings materials; aliio 
the value of laliour, as I know from experience that the rock upm 
which an architect is often wreL'ked,isthe estimate. Nothing lends 
80 umch to secure the confidence of a client as a correct estimate; 
many pjersons have told me they prefer to buy a house, to have 
one designed atid built untler an architect, becnuse it is sure to 
cost more money than they anticipated or were informed by their 
architect. Next in value to the employment of an architect, as a 
general rule, to design our dwellings, I would place more sti jngi^nt 
building re^^uhitione*, and, in fact, what is required, is a thorough 
revision of the Building Act, I am opposed to restrictions 
generally, a^ they are in some ca^es impediments to business, but 
it id nbsolut^:?Jy neGea«ni-y in building if we wish to improve otir 
dwelliugsi. The Buildin^^ Act answers the purpose for which it 
was specially fiamcHl, vi^., the prevention <»f d.atuagf by firi»; 
but aa re;^snrr|» the durability of buildings, the strength of tiuibera, 
and sanitary [►rt-can lions, il is padly deficient. 

The Local Guvemmeul Act is in some re.'ipects a much bettis 
meaisure* as it gives powei-a to local boards to make bye-laws aw 4 
the regulation of buildings. In s me towns buildera are obligej 
to deposit pl.i us for approval; alao ventilatitu is made conqmlsor 

and in a few ca-ses the builder or owner ia obliged to obtain t| 

certificjite of the surveyor that the house is fit for occupation, 
be^jre he can let it, 

I hope we shall snon see some reformation in this respect in 
the Metropolis. I think that it woukl be beneficiHl, if builders 
and others before commencing to build were compelled to dpp<»»it 
a plan of the grontid story, a front elevaliou and transverse 
section of tlie propijsed building, for the approval of the district, 
surveyor; it would then be the duty of the district surveyor to 
examine such plans, and, if satisfactory, give notice to the b ' '^ 
to proceed. By (hi« means, we should secure tme imp 
jjoiut, viz., that all persons before building would be oUi^^ , .,, 
prepare the necessary plans, and not build by rule of thumb, as 
in many cases they do now. They would to a certain extent be 
obliged to eng?ij^c ()rofe8i*ional assistance, which is a step in the 
right direction, and would certainly lead the way to iHitterthjuf^s. 
By an extension of the present powers the district fiurveyt»r 
would be in a position to remedy the defects of modern buildings 
pointed out in this paper 

With reference to the supervision of buildings daring their 
progress, there a(>peara to he room for improvement ^q many 
ways. District surveyors should devote their whole time to the 
subject, and be puiil by gnlury, according to the district, and not 
as at present, by fees. The present system is objectionable in 
various wuvii; the district surveyor in private practice ia necessa- 
rily unable to give that attention to the matter which he would 
do if he had no other duties to perform. No man can engage in 
two sppfirate occupfitions, and give each that amount of study 
which he would do if he had only one. Then again, the payment 
by fees direct from the builder places tlie district surveyor in a 
false position; it is certainly an anomaly that nn officer should b« 
paid by those over wltom he is ei.\\ec\«d Vr> ^i^<(tx6Afo c«viXtOv *»i^ 



BUpenristoD. Cettalti fees must uecassarilj be charged the 
builder, but thej could be paid to the Metropolitan Board of 
Worka when the builder receives the order to comroence, aodhis 
plans are approved uf. The district surveyor should also have 
an elhcieut statf of aadistatiu under hia ooutrol, so that a prosier 
aud regular supervialou of build iogii could be mutotaiued, whereas 
at present the superviaion is most imperfect. 1 do not cast 
auy blame od those f;i;eDtlerueD who hold the positioo of district 
Biirveyors, the majurity of whom are an oroaoieut to their 
profea^^ioa, but they are the exponeiiUof a had ayatera. Neither 
do I wish to propouud achemed which would impose duties upon 
thoae gentleojeu, which 1 am not prepared to carry out myself- 

Before c<:>ncludiug, 1 muat urge upon the youuger meniliera of 
the profesaiou the desirability of so ex^teudiug their profeasioual 
influence^ that the public may rate their services at their proper 
vulue, I am not one of those who would stay the making of new 
streets, new rail way s, and u the r improve men la, because they take 
down old dilapidated hovels which are occupied by the workiug 
olaaaea. I hope that the work of ira|)rovement will go on; that 
uew Hues of aeration will bo opened up through the courts and 
Alleys which now disgrace this Metropolis. It is one of the 
principles invariably followed by railway companies and by other 
public bodies, in forming new streets, to pass through small 
property, from motives of economy, — it is well it should be so, 
\Vlthout these improvements, and the consequent demolition of 
anuiH houses, the question of improved dwellings in Londoa 
would never have been rarseii. Out of evil conies good. The 
|K>orvr classes are at present put to much incouvenience from the 
iossi of their homes, to which they had become associated, and 
were of course very loath to leave. Rents have iocreaaedf as they 
always will do, in propojtiou as the demand is ^^reaier than t)te 
supply. But an impetus has been given to the movemtnt; a 
desire has been evinced by many that theposilion of the working 
classes in London shooid be improved; aud if the capitahVt 
only see, which I feel he njust do, that the ereetiou of improved 
dwellingji is a good and anfe ic vestment, we may look to the 
future with fair hope of aoeceas. By iujprovtng the homes of the 
workman you raise hid Hocial standing, you imbue his mind with 
thoughU of emulation and industry, and excite him to feet that 
he may improve himself, and tliereby improve hin position. 
There ia no doubt that thia ia ati indirect means by which the 
inechanical skill of the workman may be iucrea.Hed, that with a 
better suctal standing we may nltiumtely obtJiin that wliich ia mo 
necessary to improve our architecture, viz., a r«ce of art workmen 
having a love for the calling they pursue. 

What the condition of this Meiropulis is to be in another 
decade will depend on the architectural ability, business tiurt, 
find penwverance of the architect ural profession. I trust the 
younger membera, to whom we look for the future status of an 
architect, will study architecture as an art, as a science, and as a 
business. If they do so, asf^iated by more stringent buUding 
1 calculations, I think we nmy tmy we shall have a very fiiir prospt?ct 
of improved dwellings in Loudon. 



Mr. BbAaurLL oWrved, that the present uuftatififactory state of 

London dweUlngn was mainly owing to specolative building, a system 

which, hi^wever ba«l it mi^ht be, waa in some waya found cimveriivnt. 

He thuiit,'ht the ttomier wtirkmen's dwtdlinga were removed from the 

Metintptilis the Iwtt^r, In the iiuuietliate neigh ho urhoinl of valuable 

\v»n;houacr» ainJ public bntldings there often existed houses in 3% wretched 

ifb^te of re|Kiir, var], " ' I by a outuber of ditferetit fajnille«> In the 

c<>un}e 0f eventu ; got worse and wome, till they wer»j pulled 

down, aud ntber i itre suitA?d t«t th« locality ereot<jd nn their 

•*itei. But what li.i^cumefl of the workinia' men thus driven 

out! U ae*?iuud i . .t largw block.H of bous'jB, like those erected 

uut of tb« tVubinly fuiul* were not a good in ve«tmeijt for money* Ho 

( ^lr. BliudiiU^ h&d examined the report iftHued by the m^inageni of the 

iy fund, aud fotjnd that the buildin>j;^ m 8pitaltie1d<i were only 

,^ ;i return of one-half per cent., he I owever thoui^ht it poBgiblo 

- :■ ■ -^;t, be inf *rmatIon not ^ven in the n"pH>rt which would 

iHion, He ci>nflidercd that tho provi.iion of dwoiUni^^s 

I ' ^ j' |ile would only be piovided when a ho{ie uf »uftieit!nt 

protit cxifsted. Pn>perty let Ut working men furnished m go«id Beiuirity 

UA thftt oocupie'i by awiy other class nf the community, as ho had lately 

seen in exMiiuinini; the a^'ountjt of a 6od«ty fi>r budding workmcn^s 

hon»^^, which h wl a rent rtdJ of sev^riil thouaand poun^ls per annum. 

Tlie hfA% ibMijjfh li*d tenants wm o^t lO per cent. All houses in 

Zftmfi/*D wcuv built with the intention of b^L'ing occupied by one fu.mily 

*Mf^ whi?nfms, m fAot^ ihcy wore froijueni}y occupied l*y »eversd different 

^iai/Jm. 1$ tmami de$irMo to Ackmwttfdge tin's fac{> and build accotxl- 



ingly, M people would enjoy mora real privacy by tirdng in aepante 
flats, than they do under the present systc^. A large nimitier of persons 
would always desire to live and sleep in the centre of London » and gt>od 
blocks of dwellings for nil claKaef were thereforo required. Mr. Blaahill 
ob«4frved that inaccessible dosetai and npaeea ehould be avoided in hoote- 
planning, as they tend to harbour dirt and disease. He moved a vole 
of thanks to >Ir. Lemon. 

Mr. PoTTBR seconded the vote of thanks. He tbnugbi it dainrabfe 
workmen should, if pissiblM, be enabled to live in Loudon, and althnagli 
important thoroughfares like the Strand could not be used for Peabooj 
houses, the crtos streets might be available for such a purpose. 

Mr, GlL»BttT RuoaaAVi referred to the valuable lalwurs of the 
Society of Arts, with regard to workmen's booses^ A committee of that 
body had arrived at the conclujfion that it was not likely to be profitable 
to build such houses in London; he however thought having workmea'a 
towns in the suburbs might succeed. Fn^m a number of reporto he had 
examined some years »]^\ lie ha*! f<tnnd that 4 per cent, was the highest 
rate of interest received on new buildings of this class, while the average 
was barely 2 4 per cent. In the barrack system, be believed, what people 
most objectefl to wa8 having the staircase in common, perhape the dijig- 
culty would be obviated by having external staircaaes and gmUeries. 

Mr. J. H. Chbistian said that the bamiisk system seemed to be 
repngnant tn the KngUsh feeling of independence; perhaps the harnick- 
like appearance might tie removed if the galleries were made broad 
enough to give th» idea of a street; this would make it practacable %n 
intnjduoe small ahof^s. He had^ however, little faith in the syttemt and 
rather favoured the plan of workmen going out of town, to which he did 
not see any reasonable objection* He eoubi not reconcile the low return 
received fur the new workmen's houses, with the fact that houses let by 
single riMma to poor tenants are very paying property. He could m»t 
understand that if new houses wire erected on the sites of old ones, mich 
as exist botween Oxford-«tr«et, and Channg-cross, a return of 5 or 6 per 
cent, could not be realised. This per^centage would not attract specu- 
lative builders, but it might satisfy a birge class of philantlm^piRtN. He 
believed ci>ttage8 would yield a better return than the large liarraek 
buildings, which require thick waUs, and tire -proof floors and staiiH. 

Mr. North coincided with the previous speaker as to the dexnerits of 
the barrack system, and confirmed from experience the prefltable charaicter 
of old weekly property. If, however, this pmperty were rebuilt, it Ci>uld 
not be so closely packed, and a less return would consequently be 
ubcained. 

Mr. J. D. Matuewh thought speculating boUdeia taught arcliiieds 
how hrtuiies could bo built to pay. The question to solve was, how to 
build cheaply without building badly, Mr. Fowler, in his prestdentlal 
a<Jdre>i« at the Instttudon of CivU Engineeni, bad advinod young men to 
see first how cheaply a structure could be produced, and then bow expsiw 
ftively. In tlie suburbs there were many ne»t houHea with six or seven 
rooms, vvhicb let at annual rents of £20 or £25, wliicb were sometiine* 
built (badly enough no doubtl for £130 to £16lL Whereas, if aii archi- 
tect were em|driyed, a similar house would not be built much under 
£30u. The buildem' house containc^d bad materials, but on the other band 
there was a vast amovmt of meretricious ornament, which was by no ; 
necessary. This waste in ornament should enable architects to i 
tucoessfully with speculatiDg huildeta ; many pieces of good < 
are often too good for the purpose required. In building on leaasbuld 
property, he did not eon-^iider they w«2re l>ound to study the interest of 
the ground landlord so much a^ that of their uwn client ; as for instanoet. 
on a piece of land held by land for forty years he did not think they w«t« 
bound to erect a house to last 300 y«a«. Mr. Mathews went on to 
show that, though houw^s built by speculating builders miii,'' ' ' r** 
at first than th»»He e ret ted und«r an architect, still in the i - m 

conatimt outbiy wa* required for repairs. He stated his opiu — .^...;. ;iio 
more stringent building regulations were made, the more they would be 
evaded by tliat class for whom they were specially framed. 

Mr. KiDDETT called Mr, Mathews* attention t<i tlie fact, that all 
leastts from ground lundlords stipulated that the houses sliould be Uult 
sulistanttally. 

l*he President considered it would be a great hardship to the work- 
men to be obliged to come 9 or 10 miles daily to tlieir work. In all 
matters pertaining to working men, it was most desirable t<i seen re their 
own co-operation as much as p<iS8ible. In visiting btiiUiers' yards h# 
hiui been struck by the vast extent of grouod covered with low one tir 
two storied shopti or stabling, and it liad occurred to him that these spaeot 
might lie made more available, and pnwluctive of greater profit, by tlie 
eritction of buildings containing worlcBhopa on the ground-fl^xir, tlie xtppiir 
portions being devoted to dwellingii for the workmen. The Preaidott 
put the vote i>f th&nk;^, which was carried. 

Mr, Lkmqn. in reply, sod, the question of workmen s dwidlings seemed 
to turn on the per-oenta^e obtrvinahle. He certainly thought good huiues 
could be huUt to p^y weU. He disapproved of the barrack system^ and 
t>f the action of philanthropic societies; the natural Uw of supply and 
demand muat be trustee! to. He ctmsiderttJ building on uno^versd 
ground more likely to bt^ reniuncrativs thuti p\dling down oH bnuacA 
and reboil'iiog. He had exan^inetl the hmific^ of n^K^culrtting bufldefSv 
an<J was sure that architectA could erect bt-ttf-r fauKlirkL*^ n.t xhr »am*^ 
or at a slightly increased oost 
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THE GAS SUPPLY OP PARIS* 

By G. R BuRNELL, C.E., F.aS. 

\Mr,v-:oT the won<ierfal adapt^itiona of phyaicnl science to the 

3 of life, there is hardlj oue which is calculated to 

iter attetition than the apphciitiou of carbnretted 

■IS to the pnrpos&s of illuminatioo. It is easentinlly a 

\ "t ni'idern times; for there must be many here present 

^bo C3»u recollect tha *Msvrkne«8 visible" that enshroiuled London 

streets in ihii diiya when oil L-inips were in vogue; but we get so 

soon iicctistomed to the enjoyment of laxuries, that very often the 

first steps that attend their aot^juisition are forgotton, and we 

Uktj them as mattei-n of course. Scmiewhat of this kind of 

rcAsoniog hns been adopted with respect to the ubg of gaa; and 

the public are inclined to expect that the manufacturers of this 

article, which has now become almost a necessity of life, should 

^re them the benefit of their experience, without taking into 

account the cost they must have incurred in acquiring it. The 

*^"""^ " ' ^^^\ took place on the occasion of granting the new 

^ ' -*«* lighting' the city of Paris*, and the movement that 

u ... , ... lit gtduE^on in onr own Metropolis^ seem to have been 
omrked with thissjiirit, and though tht3 Paris Uas Compriuyhaa 
Bticoeede*! in ohfiiniug what may be considered as favourable 
terms bx return for the supply of gas, yet the inhabitants of 
lioodon evidently are disposed to expect that the coramnies 
should supply them at such prices as would hardly leave them a 
fiilr pnifit. It therefore struck me that a statement of the con- 
ditiouii under which the Gas Company of Paris have contracted 
la supply the town with that article of consumption might be of 
interest, if only to enable the engineer to corajmre the systems 
Adopts in the two countries with respect to public works; the 
^ ially as it would appear that considerable mis- 

'^l ^n exists with respect to the rights and privileges of 

our iiri^iii.utuij in this particular matter. It is proposed also, in 
the course of this paper, to notice the points wherein the manu- 
fncture and dlatribtitiou of ga« in Paris differ from those which 
are fallowed in London. 

The r«»rmation of the on© gigantic monopoly that baa the 
privile;je ^f lighting Paris took place in this manner. There hud 
been several companies that were formed for the supply of the 
city, which had, from tlie period of their first eatablishmeut, 
eujoyed n species of districting arrangement, as we should call 
It, nxtd they agreed to merge their separate capitals in tlie six 
oompanies that had treated with the municipality in the mouth 
of L)ecr»ml>er 18iG. In the year 1852, when the empire was first 
©•tabhshed, the govemment thought it to be its interest to 
euc£»urAge the Ibrniation of great companies who should possess 
the means of employing large numbers of workmen, and give rise 
to the profitable investment of capital. The hygienic effect of 
the estfibli^haients for the manufacture of g.is in the interior of 
the city also weighed with the government; auil they were 
desirouR that at hfvrtt three or four of these should be removed 
frr*m their original positions in the centre of the town. Under 
iheao circurnstfineeH it was suggested to the shareholders of the 
•ix companies that their union would be received i^ith pleasure; 
Add thf»ti that their npplicatiou for the prolongation of their 
oonces;,Ioi. which expired at the close of lb63, might be euter- 
^^ I conditions that were to be the subject of future 

^^' ■' The conise<iuence of this proceedicg ou the part of 

the government may be described, in eobsUmee, to have been 
that tlje concession for lighting Paris was granted to the 
luiited companies on these terms. The three establishments in 
«ie interior of Paris, at the Avenue Trudaine, the Rue du 
Faubourg Poisaouiere, and the Rue de la Tour du Temple, were to 
be Mupppft^ed, and their manufacture was in future to be con- 
du ,* new gas station that was to be ei^ecteii at LaViUette. 

^ ^ 'tion of the interior of Paris (understanding by that 

•^ ' ' >» of mains and distributing pipes) were to be altered, 

** ' ft« to correspond with the probable future demand 

"j tha comjmny agreed to pay the town the sum of 

•*' '^ privilege of laying their pipes in the public ways; 

* * 'I to pay the town two centimes a metre cube, or 

"^ r l^HJO cubic feet, as a compensation for the octroi 

O' ieover agreed to share the profits of the working 

^^' ' cent, with the municipjdity of the city of Paris after 

*"' ^ , i >n of the first sixteen years. 
The material and plant that were employed, and all the land 

• Bead befont tho Sooielj of ArU. 



and buildings devoted to the manufuctare, were to remaio the 
property of the company at the expiration of the lease, which 
was fixed at fifty years from tlie Ist of Jannarv, 1856, and the 
company bound itself, in the meantime, to alter* the | osilion of 
their mains, &c, whenever the tnwu might rerjuire to execute 
works for the wat«r supply, sewerage, &.m so far, indeed, has the 
lease forseen the probability of future operations of this 
nature, that it provide* for the company's removing their pipes 
into any subways that the town may ctjnstruet, \%ithout thereby 
giving rise to any claim for compensation. For these terms the 
company agrees to supply gas for the public lighting at the 
following prices :— There are three sets of flames, that are 
respectively 2ir inches wide by Ij inch higli, which is paid per 
hour, 0015f.; 2J inehea wide by IJ inch high, which is paid per 
hour, 0-021 f; and 3,-^ inches wide by l\^ inch high, which ia 
p#ud per hour, OOm. When the gas is sold to the town by 
metre, it is paid for at the rate of 0'15f. the metre cube, or about 
3tf. 4W. pt^r UUO cubic feet; the company is obliged to fix, paint, 
and repair the lamp posts and candelabra, but the towu furnishes 
them. For private c^D8um|ition, the compsny was entitled Uy 
charge for tlio gas supplied at the rale of U 30f, per metre cube, 
or about 6*. S|rf. the 1000 cubic feet, upon agreement of three 
months' date, terminable at the option of either party; but the 
parties so receiving the gas cannot employ it without the pro- 
duction of the certificate of the person employed by the town to 
examine (and who exercises the right of approving) the fittings 
and other apparatus. The comimuyis at liberty to modify the 
terms of payment, in this sense, that it is allowed^o receive the 
payment in monthly sums, but this must be on the conditiop 
of Its being paid in advance. No subaoription whatever can be 
refused by the company, provided the demand be drawn up ia 
at-cordance with the model that is approved by the municipality. 
The cumpany is at liberty also to charge at so much per hour, or 
by the metre. A moflel of each set or series of meters is depo- 
sited at the town hall, and every meter mtist correspond with the 
details of these; the/ are bound to be verified as often as the 
administration may require. All expenses attending the»e 
meters are at the cost of the consumer, whether in the first place 
or in the subser]uent maintenance of them; practic.*illy, they all 
come from the stores of the gas company. It is to be observed 
that the gas company is not bcmnd to deliver ^Afi to the private 
consumer at other periods than those in which the mains would 
be under charge for town lighting. It was moreover stipulated 
that if during the period of fifty years, for which this lease was 
granted, there should be diacf»vcrtjd any new system of lighting, 
the gas ctimp^my should be bound to introduce it, under coQ- 
dilinus that were to be fixed by the municipality; or the munici- 
pality reserved to itself the right of granting a fi-esh oonoessioa 
for the new system of lighting, without being bound to com- 
pens^ite the company in any way whatever. There ai-e in the 
lease various provisions as to the amount of coal, &c., that the 
company is obliged to hold in stock, and as to the payment of the 
mains, valves, wjcks, syphons, &,.., that are phiced in the public 
ways; these are esLimarfd. in block, to be worth the sum of two 
millions of francs, or £80,00(», wfiich sum would have had to be 
paid to the c^unpany, iu case of the town taking the coneessioa 
into their own hands, or at the expiration of the concession, The 
quality of the gas is provided to be such, that a lamp of the first 
series mentioned, which would consume 100 litres per hour, 
should give a light equal to 077 of a c^ircel lamp burning 
42 grammes of rape oil in the hour; for the lights of the second 
category, burning 140 litres an hour, the light is to be equal to 
I'lO of that above given; and for the lights consuming 20o litres 
in the liour, it is provided that ihey shall lea*l yield 1*72 of the 
light of a carcel lamp described. It may be stated that this 
standard corresponds very nearly with the English oue, of what 
we should call seven sperm candle gas. 

To enable anyone to appreciate the position that the oompatiy 
occupies under this contniot, it is necessary to observe that the 
coal used iu Paris is mostly of Belgian and north of France 
origin; a small portion of caunel, or fcghead, is only iutroduoed 
when the illuminating power of the gas is below the standard* 
The average yield of this coal is about, per hectulltre (according 
to the ligures that were published by the conifmny iu the course 
of the discussion that took place before the ti*eaty was signed), 
gas, iJ2"D4 metres; large coke, 3M1 kilogrammes;' breesie, 12-07 
kilogrammes; tar, 4*50 kilogrammes; and ammoniacal liquor of 
the value of 0036 franca. The quantity of ammonia compounds 
that are preaent in the ooal is coosiderabte^ and the oomgany ia 
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obliged to eierciao great pi*ecautioo iQ eoduring the purificntion 
of the go*, iu order to oom|>ly with the clause in their treaty 
which provider that the raeftus they adopt for tiiiiL purpose 
should be the best tlmt are knowu. Yet with all these drawbacks 
upoQ the cuinmercial resulta of the operatioa^ the Faria Gaa 
Company hna ntwaya paid a good divideutl, and the last dis- 
tribution of profita was at the rate of 19 per cent.; whilst 
the ftVt^r^ige rate appears to have been of about 16 per ceut.; 
ji result that would cause great heart-burn iuga with the 
municipal reformers and the political economists of our own 
<00QiJtryf who will not allow any company to divide more than 10 
per cent. The cjipital that is invested in the works conaiata of 
ehare capiul, 4,01)0,000 francs, and of bonda of the company 
about i:3,200,OUO sterling; or, in all, about -£4,000,000, for a 
total population of 1,600,000 peraons, which would make the rate 
at which the gas service of Paris is performed about £2 10#, per 
head c»f the inhabitants. This calculation however is somewhat 
m excess of the facts of the case, as the gas company baa lately 
undertaken to supply aome of the external villages of the Depart- 
ment of the Seine, aach aa BomainvUle, Pnteaux, Charville, SL 
Denis, Maisons Alfort, &c, which form the subject of a separate 
treaty; but the above calculation may be taken aa representing 
the profiortionate price that ia incurred in this service. It may 
be added that the price that is agreed to be paid by the com- 
munea beyond Paris for the lighting is, for the public tamps, 20 
oen times per metre cube, or about 4». 3id per 1000 feet cubej 
for the private lighting, 40 centimes per metre cube, or 8*. 7<L 
per 1000; upon a descending scale that may reach finally, 6*, 8|fif, 
per 1000, in proportion to the consurapttoo. The high price that 
ifi agreed to be paid for this service may be explained by the 
length of main that ia unproductive to the company in these 
cases; but it certainly seems to be exorbitant, when the freeiiom 
of tlie gas from octroi dues and other municipal taxes is taken 
into account. The company ia bound to conduct, in every 
instance, the gas to the front entrance of the subscriber, and the 
Utter is entitled to employ whomsoever he thinks fit to execute 
the distribution of the gaa in his interior; and, provided the 
gubacriber presents the certificate of the prefect or his delegate, 
that the works are well and properly executed, the gas company 
is bound to supply the subscribers with gas. The expense of 
branching upon the main and leading to the meter is, of course, 
borne by the subscriber j the meters, as was said before, are 
bound to be of approved patterns, and verified as often aa may 
be required by the police; they are furnished by the company, 
bat are at the charge of the housekeeper, as far aa regards their 
first cost and repairs, if those are taken at his request. 

It may be remarked that the system of regarding the supply 
of the gas consumed in Paris as a municipal service, has entailed 
upon the private consumers the necessity of imying a higher 
prioe for the gas they consume than they would naturally do if 
the service were left to be regulated by the ordinary rules of 
trade. The municipality, in the exercise of its rights over the 
surface of the roadway, in fact, has only consented to grant the 
monopoly of the gas supply to the company, on the condition of 
their supplying the public lamps at reduced rates, and of sharing 
m the profits of the concern after it has been establiahed such a 
time as ia sufficient to relieve it from any chance of failure. It 
ia true that in this manner the town authorities will be enabled 
to devote a portion of the profita arising from the sale of g^is to 
the relief of the other taxation of the town; but this is only an 
indirect way of making the consumers of gas pay for the water, 
paving, or other munici[>al services; and it is objectionable, as 
the control of those services can never be efficiently performed so 
long aa the t^Jtal expenses of them are not distinctly brought 
under discussion. The worst of this system is, that the price of 
gas can hardly ever be reduced, as the municipality is directly 
interested in the maintenance of the rate of profit. The pre- 
fSautiuna then taken to eugure the delivery and the quality of the 
are, therefore, quite illusory, and they seem to be intended 
Rther to lull the suspicions of the consumer than to exercise any 
real iuOueuee upon the operations of the company, for so long as 
the quality of the gaa is equal to the average quality that ia 
distributed in the French towns, there is no probability that 
niQch fault will be found with it, let it be ever so bad. 

At present there may be found a great amount of the ammonia 
^impounds in the gas, and it is rather deficient in the illumina- 
ting power when compared with the London gaa, but this may 
b& owing to tlie quality of the coal that is used. The effect of 
ili0 pATtJcJpathn vf the town ia tbe profits of the company must, 



however, be such as to superinduce a carelessness on the part of 
the employ f 9 who aie chuiged with the verification of the quality 
of the gaM, and of the means adapted for ascertaining the quau* 
titles supplied. There is now apparently a great deal of anxiety 
displayed by the town authorities about the iilnminating power 
and the purity of the gas, for they have organised a oouiplete 
system oi control and superintendence of both the public and 
private lighting, that appears at firat sight to be mosi efficient. 
There are twenty-one persons who are constantly employed to 
testing the ^is, and who are paid at salaries varying from X^OO 
a year to ^8, tbe total num iroted for the salaries of theta 
people for the next year being about £1060; there are also 130 
iui^pectors of the public lighting, at salaries varying from ;£200 
a year to £4H, who figure in the town budget for a total sum of 
£10,480; and 32 inspectors of private lighting, who are charg^ 
with the verification of the meter; these are paid salarie* 
varying from £240 to £40 a year, and they figure in the budget 
for £2600. The superintendence of this service is, theoretically, 
very well arranged; it remains to be seen whether it will really 
operate for the protection of the inhabitants when the town haa 
a direct intereat in the successful results of the company, which 
it will have when the period of sixteen years, during which the 
company has the enjoyment of all it can make, shall have 
expired. Ail these questions, of the power of a municipality to 
interfere with a private company, however, form part of tbe 
greater question of the organisation of the relations between tho 
public body and the private citizens, that admits a qaestion of 
widely-dtfierent solution, but it would be somewhat out of placa 
to discuss them here, as they would be better treated in a sepa- 
rate paper. The object of the present one is to endeavour to traco 
the system adopted by our French neighbours in the supply of 
ffus to their capital; and therefore, after having stated the ooo- 
ditions that the company and the municipality have agreed 
upon, it is proposed to state the manner in which the former 
of these parties has endeavoured to fulfil its part of the ooq« 
tract. 

There are in the neighbourhood of Paris, and within the linea 
of the fortifications, ten gas stations, of different capacities, hat 
all subordinate to the great station of La Yillette. These sta* 
tiona are — 1, La Yillette; 2. Les Terues; 3. Passy; 4. Vaugirard; 
5rlvry; 6. Charronne; 7. Belleville; and the three that are situ- 
ated in the surrounding communes of St, Denis, Boulogne, and 
Charenton. Aa was said, the station of La Yillette is the most 
important of these; it suffices for the manufacture of one-tbini 
of the gas that is consumed in Paris; the stations of Passy and 
Yaugii-ard supply together almost another third; and the other 
stations contribute about equally to the total consumption. The 
centre of the consumption la about the Church of St. Eustache, 
and the positions of the stations have been so chosen that they 
are mostly situated npon a circle, whose radius would be about 
that of the distance of the station of La Yillette from that point. 
The station of La Yillette ia situated on the extreme verge of the 
town, being only separated from the fortifications by the military 
road; but the other works are often situated in the densely* 
peopled parts of Paris, to the great dissatisfaction of the Conseila 
de Salubrite, who complain very much of the smells given off in 
the process of manufacture. As, however, all the operations 
connected with the conversion of the residual products of gaa- 
making are carried on at La Yillette, there seems to be little 
reason for finding fault with the company on this score; but the 
tendency of the sanitary reformers to hunt up, as it were, the 
factories that have been moved once in accordance with their 
suggestions, is not the less worthy of remark. The preference 
for La Yillette as the principal station for the manufacture of 
gas may, however, be easily exphiined: it ia situated in the 
quarter that is entirely manufacturing, and is in the immediate 
vicinity of other similar establishments; it is immediately upon 
the canal that brings to Paris the produce of the northern coal- 
fields of France; it is traversed by the Northern, the £asteni« 
and the Central liailways; and though it ia somewhat high aa 
compared with the level of the lower part of the town, it ia only 
a little above the average level of Pans. The coal stores — which 
by the way are bound, by the treaty of the town, to be luge 
enough to hold two months^ stores — the retort houses, the oeke 
stores, and the purifying houses, are situated on the north of the 
Chemin de Ceinture; the gas-holders are situated on the south* 
eastern side of thsit line; and the establishment for the conver- 
sion of the waate products is situated towards the north-weet of 
the retort house, being separated from the latter by the Chenua 
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ubervilHer*. The toUl area of the eatablishment ia from 120 
Englrsh acres* 

this plot of ground the retort hoasea are erected, and are 
'e4 wuh, e»ch, a eet of condeusing pipe* im mediately 
(he retortdj and a aet of coke towers or scrubbers, and 
1 wj, that are within a deriea of bnildinga parallel to the 
retort hout«ea, but separated from them by a pared court. The 
retorta are aet ia beas of eight each, back to back; the group of 
eight having seven retorts id each that are double, so that the 
total ijuml*er of retorts at work at present is about 1076; but the 
quantity of gaa that the company makes ia coufliderably increased 
by the product of the ovens, from which it obtains smothered 
ooke, for the use of iron and brass founders, railways, &c. The 
style of retort used is a clay retort, of the usual D shape, that is 
about 8 ft. 2| to. long, by 2 ft, 4 in. wide, and 1 foot high in the 
cl^^r; and it is to be observed that the Fi-eoch onc^ineera prefer 
ib« use of the closed retort over the fireclay ovens to that open 
at both ends (as in some of the London companies' works), for 
contend that it is impossible to maintain an equal tempera^ 
re in the ascending mains that must be used in the latter case, 
Ibat the gas escapes up one of these, to tJie detriment of the 
linatiug power, or to the destruction of the dip pipe, accord- 
_ the temperature. The gas in the Paris works passes from 
the retorts into an hydraulic main, and thence through a set of 
ooodenalng pipes, that are placed outside the bnil'ling^ in sets of 
Ibree rows of ten pipes each, to the set of double retorts* An 
exhauster her« takes the gas, and thus relieves the retorts of the 
back pressure; this exhauster Is aet in motion hy a steam engine 
of 16 horse-power There ia a second machine for tiie purpose of 
fBlieving the pressure upon the cuke ovens, and this gives riae to 
special arrangements for condensation, purification, &o., to be 
noticed hereafter, and quite distinct from the ordinary service of 
the gaa factoiy. The exhauster takes the gas from the conden- 
aetv, which are made particularly large, so as to elfect the 
greatest poesibleamonntofcoDdeosati on (which the French engi- 
neers attach great importance to, as a means uf ensuring the 
purification of the gas), and passes it to the scrubbem aud the 
purifieri. In the scrubbers, or the coke towers, the gas is snb- 
lected to a system of washing, for the purpose of extracting as 
much as possible the ammuniacal liquor^ the tar, and the sulphur 
oompounds, that it may still retain; aud ibeu passes, without any 
int«?rmediate process of washings to the purifiera, where it is 
ejiposed to the effects of a mixture of sulphuret of iron, lime 

Ialacked and in powder, and sawdust, in the proportions of 
^ metre cube (about Ij yard cube) of sawdust to O'lO metre cube 
■tlioie in powder, with about 2 cwt. of sulphuret of iron. This 
bxture is found to be preferable for the purification, as it is 
^pablfi of being renewed several times, and is especially used in 
7rauce, because there the agricultural Intet^stdoes not appreciate 
the employment of the lime refuse of the puriliera. The gaa 
here is passeil through four successive layers, or rather series of 
lajers, of the description above giveii^ ttud is then passed through 
ih*i sj.ttlon meter to the gas-holder, where it is stored for 

jtpear to be differences of opinion amongst the Paris 
with respect to the conditions of the distillation of 
and with respect to the methods to be adopted to pre- 
the formation of the sulphide of carbon in the gas. The 
nt practice of the gas company is, however, that of effecting 
"itillatiott with great rapidity aud at great heat, and com- 
the tendency of the gas to the formation of the sulphide of 
means of a most energetic condensation. The charges 
generally employed are four-hour charges, at high 
temperatures, of about half a ton to each retort; the French 
neera obtain from this quantity of coal the average yield of 
to 95O0 cubic feet of gas (which is more than the London 
tea on the average do from the superior coal of Newcastle), 
lUt 13 cwt. of good marketable coke per ton. The pro- 
of condensing surface that is found necessary under the 
system of replacing the washing by an energetic conden- 
, is about 20 feet auperlicial to every 1000 feet cube of gas 
!e; and the surlace of puri6ed medium that is used is about 
4 feet for th*? same quantity j formerly the washing was performed 
by &Q additiiioal pntcess before the gas passed through the 
■^Urifier, and it consisted in the gas being forced to bubble through 
solution of ammoniacal liquor after it bad passsed through the 
lowers, bnt now this process is dispensed with, so far as re- 
tbe pasdage of the gas through the ammoniacal liquor* The 
pusee ihroQgb the station meter^ and from thence it passes 



into the gasholders preparatory to the distribution; these are 
eight in number at the station of La Villette; they are 107 feet 
ia diameter, and 46 feet rise in a single lift, and are supported by 
a scaffold in the centre when down. The distribution of the gas 
from these reservoirs takes place under the pressure of rather 
more than 1| inch during the day time, and in the night 
time of :J| to 3| inches. It may be that this pressure may 
be required to overcome the difference of level of the factory, 
which is somewhat above the points of delivery in Paris; or it 
may be accounted for by the small dimensions of the distributing 
mains. The efforts of the company are, however, directed to the 
remedying this cause of loss, which must always, to a certain 
eateut, act to prevent the due proportion between the mains of 
distribution and the quantity of gaa they would discharge in a 
given period of lime i>eing observed, owing to the interest the 
company have to continue their working through the pipes that 
they are bound to yield to the town at the expiration of their 
lease. By the peculiar arrangements adopted, the Paris lias 
Company has reduced the loss that ensues from the excessive 
pressure that accompanies the distribution of the gas to a mini- 
mum. We shall have occasion to revert to this subject; but it 
may be aa well to state that the loss of the gas registered by the 
station meters, both in private consumption and in public light- 
iog, was, in the year 1864, only 10 per cent. — a most insignificant 
proportion, if the quantity that is lost by the condeuc^ation in the 
mains, the amount that is not carried to account by the private 
consumers, and the thousand Ciiuses of loss that the gaa must be 
exposed to, are taken into account. The average loss of the 
London gas companies is at least from 15 to 25 per cent, of the 
quantity they register at the stations. 

There are at La Villette numerous contrivances for the pre- 

Caratinn of marketable coke, that are well worthy of attention, 
ut which it is not worth while to doscribe at present, inasmuch 
as the care with which this branch of the manufacture is con- 
ducted is essentially a local necessity, called for by the habits of 
tbe Parisians. The same thing may be said with regard to the 
convei^ion of the tar, ammoniacal liquor, and other waste pro- 
ducts, all of which the Paris Company is obliged to convert to 
useful purposes themselves, but which we in England find can be 
more economically converted by the means that our manu- 
facturing chemists make use of. There ia, no doubt, immense 
skill displayed in this detail of the Paris fabrication, but it may 
be passed over, together with the brick, tile^ and retort factory 
that forms an important part of the establishment at La Villette, 
and which manufactures for all the other stations in Paris. In 
Paris the gas company had, in fact, to organise every detail of 
tbe service, and to create the industries that are connected with 
the disposal of the coke and the refuse, and that were necessary 
for the making of the gas; they, therefore, were deprived of the 
advantages that the English companies possess in the greater 
division of labour that prevails in this country, and which jjer- 
mitsthem to concentrate all their attention upon the strict object 
for which they are established. The coke ovens mentioned above 
may be cited as a proof of this; they are calculated to convert 
abo'ut 6 tons at a time, that yield about 8000 or 8500 cubic feet 
of gaa to the ton, and 13 cwt. of smothered coke; but both the 
gas aud the coke that are thus obtained are of inferior qualities, 
of the respective kinds; both tend to lower the lighting and 
heating power of the gas and coke they yield. The brick aud 
fire-clay manufacture of the Paris Gas Company, however, yield* 
products of a superior kind; but it is to be suspected that it does 
so without much reference to trade profit; and the same may be 
said of the engine factory, where the company manufactures for 
sale the Lenoir engine, so extensively used in building opera- 
tions in Paris. It ia found that, with all tbe disadvantages that 
tbe Paris Uaa Company has to encounter in the disposal of their 
waste products, they manage to derive from their operations ui>on 
tbe coal they consume about the proportions of 1000 for the gas, 
200 for the coke, 20 for the tar, and 2 for the other residual pro- 
ducts. The tar, it may be added, is never burnt under the 
retorts; it is too valuable, aud meets with too ready a sale, to 
allow of any such application; the ammoniacal liquor is princi- 
pally used for the preparation of sulphate of ammonia, that 
meets with the readiest sale in England. 

It ia calculated that the total yield of the La Villette station is 
about equal to five millions of cubic feet per day when the works 
are in full operation; and tbe distribution of this quantity takes 
place in the busiest and most bustling part of the town. The 
other works do not present anything very partiotUar^ erce^tm^ 
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perhaps the station at Vaugirard, which is specially reserved as 
an experimentil station, and wliere the company have been at 
work for the last three years upon Mr. Siemens' system of econo- 
mising the heat that is employed to produce the distill.iliou of 
the cotil; hitherto without success, it must be oU^erved. The 
Paris Gas Company, by their monopoly of tlic supply, are enabled 
thus to **tiy all things" that are proposed in tlie matter of light- 
ing with the best means and ap])liance8 that can be (lisposetl <»f. 

The distribution of gas takes place thi*ough mains tliat are of 
as a large a diameter as 3^**^ feet, exactly one metre ; they are all 
of wrought-iron, upon Chamoroy's patent, and in that respect the 
Paris supply differs from that of London, whiob, in cf nse(juencc 
of Mr. Michael Angelo Taylor's Act, is compelled to receive its 
gas supply througli cast-iron mains. The Charaeroy pipes are 
put together in lengths of 15 or 10 feet; the joints are rivet tod 
and brazed; the whole is then coated with a preserving coat of 
bitumen, and the joints are made with a male screw on one eniL 
and a thickening out, formed on a mandril, to receive a feniali* 
screw on the other, which is then packed with gasket and white 
lead. The opinions of P^nglish engineers arc unfiivonnible to this 
style of pipe, but the experience of the Gas Con)])auy of Paris for 
the last twenty-seven years seems to be decisive as to its merits 
in all ciises where the soil is of an fdkaline nature, and is not 
charged with water. I was informed by M. Camus, the sub- 
engineer of the Wf>rk8, who is also an engineer of the Ponts-et- 
Chaussees, that he had ascertained the wear and tear of 1000 
metres of wrought and cast iron mains of the sanie <lianieter 
respectively, in the course of the year 1^61, an<l he found that 
they presented the following results, lie found that the cast- 
iron showed that the proporti)»n of the leakage that was owing 
to accidental breakage in the pipes was 1*000, whilst that quan- 
tity was, for the wrought-iron, 0'460; the proportion of loss 
through the use of the pipes by time orde])nciation was, for cist- 
iron 0"3;j3, for wrouglit-iron 0*11)8; the proportion of loss by 
shaking of joint was, for the cast-iron pif»ea 1*77, f«»r the 
wrought-iron O".02O. There may be greater care an<l attention 
paid in Paris to the repairs and maintenance of the pipes, but the 
results of the experiments tried in this case seem to indicate that 
the cause of the diminished loss u|K)n the registered quantity of 
gas must be sought for in tlie use of these mains; and at the 
present day, when so much attention is forcedly turned to the 
question nf the leakage of gas pipes, on account of the construc- 
tion of subways by the Metropolitan Board of Works, the subject 
acquires additional interest. The house distribution also takes 
place in Paris through lead service pipes, that must be another 
cause of diminished leakage; but the private consumer is at 
liberty to employ whjitever system he may think ]>roper after 
the passage of the gas through the metre. From the report of 
the gas company to its shareholders last year, it appeai-s that 
the total consumption of gas in Paris was about 3oG7 millions of 
cubit feet, for a population that was estimated at l,()r)O,00O; and 
the company had, in their provision of .^i increased demand, 
increased their manufacturing powers to 4141 millions. The 
length of pipes that were employed in the lighting of Paris was 
040,801 metres; that of the annexed zone, of 4:24,085 metres; 
that of the b.'inlieu and the surrounding district, 165,340. The 
number of public lights 8up])lied by the company for the account 
of the municipality was 20,8 iO; the number of private consumers 
was .')f),.'5r>4, in the year 1S03, the last for which I have been able 
to procure the returns. It may be added that the lamps that 
are used for the lighting of the Boulevards are placed at distances 
of 2o metres apart on the same line; in the Pue do Pivoli 
they are about 14 feet apart; in the courtyard of the 
I*ouvre they are about 20 feet apart; the burners l»eing, in the 
n?ajority of cases, at 10 feet above the pavement. The lighting 
of Paris is, in fact, most brilliantly and lavishly executed, in the 
l)e8t quartera of the town at least; it leaves, however, much to be 
desired in the poorer ])ortious, which are about as badly lighted 
as the analogous parts of London. 

I have mentioned the desire that the public seem to have at 
present for the laying of the ])ipes in the subways that have been 
constructed by the Metropolitan Board of Works, and have 
hinted at the provisions that have been introduced into the treaty 
that prevails between the city of Paris and the gas company, 
with the object of facilitating the laying of the pipes in that 
manner. The treaty contains, indeed, a clauso to the effect " that 
the town reserves to itself the right to displace, and oven remove 
altogether, at the expense of the concessionaires, and withoiit 
any iudemnityj the pipes every time that it luay think the public 



interest may reqnire it. If it should suit the municipal admini- 
stration, during the continuance of this lease, to relieve the pub- 
lic ways of the excavations necessary for the laying of the gas 
j>ipes, and to dispose the sewers so as to receive them, the^ con- 
cessionaires shall be bound to remove their pipes to the positions 
])re])ared for them, at their own expense, upon all the points 
where the city shall have executed the works for this purpose." 
Yet with this precaution and this right the city of Paris does 
not think of citlling upon the gas company to remove their pipes; 
nay, the water pipes are in I'aris carried into the sewers, which 
are there rather subways than simply sewers, and the engineers 
of the city most energetically oppose the introduction of the gas 
pipes into them. Experience has shown that there are fatal 
causes at work to produce the explosion of the escaped gas in 
these cases, which ail the care of the engineers cannot guard 
against. Thei-e have been three accidents, as M. Belgrand 
informed me, in the gallery of the Pue des Martyrs; there have 
been two accidents* in the courtyard of the Louvre; and the acci- 
d**nt th.it took ]»lace last year, the con swpi en ces of which I myself 
saK, on the bridge of Ansterlitz, was a fatal commentary upon 
the da!«g^r of the system of Inying the gas pipes in subways. In 
this casti the pipes were carried over the haunches of the bridge 
in a gallei^, that had an entnmce at either end that served as a 
means of ventilation, and it had a means of escape at the middle; 
the gas was shut off at both ends, and the quantity there was in 
the pipes was aliow<'d to burn off; yet an explosive mixture was 
formed, and it was^»*et on tii-e, probably by a workman throwing 
down a match. FoVt^"i''*»t«^ly ^h^a <»ccurre(l in the early morning, 
and the few people thii}'^ were passing the bridge were attracted 
to the side where they^<^•""ld witness the passage of a steamer 
that happened to be passinfc t^^ere were consequently no passers- 
by injured, but two work^Si^i were killed, and several others 
were irarriod oif to the hospitjjjthe whole length of the pave- 
ment of the bnMge was blown flOJ f<»r the length of 180 or 200 
metres, and about 12,000 fmncs* \?<C;'tJ» ^»f damage done to the 
bri.lge. M. Belgi an<l wub, in fact, qiif^e borne out in his opinion, 
that "in no citv where there was aNj'l^ug 1^^® » regard for 
huninn life, would the notion of carrjljng ^^'^ gas-pipes in a 
covered wjiy be ft.r an instant tolerate'tlX ^f ^*^' *' must be 
observed, more than eleven years' experietp® ^° *"® ^^f" *** 
wavM, and yet, with all the advantage of th>^08* careful sup«^ 
inlendenceby the engineers of the Ponts-et-^naussees, and the 
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the observance of the nece>sary ]irccautions, he iV; °?^ scruple 
to come over here to London to give evidence au'ai il"* \^ scheme 
of the IMetrojwlitan Board, that is again brouglf* *>eforo tne 
public with so much persistenev. The fact is, th;«f ^'^"°°* * 
regular system of veniilatiou, that w(^uld entail ••C_?°*'™^I!! 
ouiliy, there cannot t-c any safety in the syat m of 1°"^*^ 
applied to gas ])ipes; and the Metr<)politan Board ^l'^5 **^L. 
to have contempdated the execution of even the smtr *^ 
caution for this purpose. wMrtant 

The Paris Gas Company is managed, as all the ii^^^^^ 
operations of that country of a similar nature are, ujK^^^^ 
strictest principles of discipline, onler, and sunerinte:^^ 
The administration is composed of a certain number of dii\JS 
who are chosen from the boily of the shareholdera, genj-J 
speaking from amongst the original proprietors in the v:i^^^ 
gas companies that were amalgamated together, and they arJk^ 
sisted in the mansigement by M. Oaylher, ingeniour-en- ^f 
des pont-et-chaussees, and M. Camus, ingenieur-ordinairc;^ 
that body, who have un<ler their orders a numerous statW 
engineers, chemists, practical men, and clerks, that would friglip 
any English board of management. Thus the expenses of U\ 
salaries to the various people em])loyed in the factory, in t§^ ^ 
maintenance and laying of the mains, and in the ollice of 
company, was not less than about i)8M,000 in the course of t1 
year 1803; but at this charge the service is performeil with I 
degree of perfection that we in England have no conei;})tii>n (V 
The cost of every detail of the manufactory is known to the L-, 
centime; the waste that attends the operations of the Loud< 
companies is unknown; the accounts are kept in the most e. 
borate manner, and the gas company provide for their ov 
servants with a liberality that we in Jilngland have no conccpti 
of. The result of the system is, that in Paris the gas works i 
managed at about 58 per cent, of the total receipts; which m 
be accounted for by the fact of the great success of the speculat 
that the dii'ectors manage, and by their having no inducemen 
introduce any great economy in their working, in consequenr 
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1 of the town in the profits of their conceni after 

There ia, iudeed, every inducemeut for the 

Indulge in expense in the njanHgement; ncme to 

s&ve; and aa the city of Paris has abo a direct 

Dwine the co«t of every detail of the fubricatiou of 

^onable whether at anytime the fraiad'adminiatra- 

rflice expenses, will be much decreased. Thia is 

_fce Paris Oa« Compauy is managed with consummate 

longh we in EnglandVould do very unwi«ely» a« I 

iQpt the syatem that prevails in the neigh houriujif 

Mgard to the snpply of gaa — because it h foundeil 

BB of polilicai economy which are, I think, wrong, 

H involve an interference with uur private hnbit^, 

\k would be intolerable — ^yet there are many things 

r be well deaerving our «tndy, and our imitation, 

' the Paris Gas Company carries c>ut its contract. 

Paiifl ii^, in fact, designed for the atmosphere of 

nld fail if introduced here, where *' every njun df>e9 

I in his own eves/* 



ioQ upon the forego in c^ paper, 

IK GoDwiK said he wajt not able himself to agree 

ppeared to be the leading object in the paper, vir,., to 

ire satisfied with what was done for us in England. 

"'ely that Englishman would put up with such an 

■a was made for the in habitants of Paris. The 

themselves down for fifty years to take their gaa 

1000 feet (with allowances and deductions), not- 

iny inventions and arraneferaents for cheapeniog it, 

nable. The people of Paris at that moment paid 

for their light than in London. He was assured 

t there wr« much superior. It was true the munici- 

partook of an advantage to the extent of 5jrf. per 

divided the profits beyond 10 percent, after six teen 

they had an interest in keeping up this price. It 

that we should permit such an arranpement; 

re, perhaps, not much better off with our arrange- 

ibe Fkiris people. He regarded itaa idle to say that 

r gat could not l>e guarded against. Tliey were told 

from the mains was still very great, as was mani* 

Itate of the soil round the joint of an old gaa pipe; 

companies was great: the damnge to health would 

id-bye; and in order that they might go on laying 

;th bad joints and other careless arrangements, they 

1 the evidence of one solitary French engineer, to 

KlosioDs were a necessary consequence of pipes 
ways. In the case of Nottingham the system hiitd 
^t without damnge, and he was satisfied that this 
ferfectly practicable onei and it would be a disgrace 
lies if they persisted in* opposing its adoption. In 
he had teen as much as half-a-mile of pipes of 
ofler metal running through the different rooms, 
CO esc^ipe of gas, because the joints wei^ properly 
satisfied if the gas raain=j were laid in the suli- 
Poper system of ventilation provided, no lietter plan 
Hed. At present the public were subject to the 
Myance of disturbances of the streets. All that 
\i be avoided by using the subways; and, not with- 
BarnelPs endeavours, they must persist in pressing 
I the attention of the gaa companies; and if they 
Hrd the public redresa, it was to be hoped that the 
lid do so. 

Hawkeslet entirely disagreed with the gentle- 
last addressed the meeting. He (Mr. Hawkesley) 
Kfive years* practical experience of this subject, 
e •D^^ueer of the Nottingham Gas Works, to 
[win had alluded. He would tell them the real 
. The subway at Nottingham was a little pitiful 
Mi 200 yards in length, and the gas-pipe which 
four inches in diameter, the street having very 
d, consequently, there were very few branches 
u It so happened, also, that this little channel 
th« ahort length he had stated of very nearly 40 
neutly it ecsured for itself a tolerably good venti- 
MkI hardly say that these were circomataooes which 
■t aU to sQch a place as the Metropolis. It was 
r great were the apprehensions of the workmen of 
ly in reference to this subway, for they would not 



go into it unless the gaa was shut off, and even then they used m 
safety-lamp. They were told that gas had been laid in subways., 
and that gas had been lighted in them without danger, but the 
danger was occasioned by the insidious escape of gas ny leakage; 
and when this occurred in any coutiued space, an explosive com* 
pound was formed, which was liable to produce a most seriotui 
disaster, particularly in a subway, where the whole street might 
be bodily raised up, and the passers-by would run the risk of 
being injured, if not killed. A gowi de^^l had been said about 
the escape of gas in the streets, but he would assert that it did 
not reach io anything like 5 per cent.; in genei^l it was much 
le»s. What was called leakage was simply the loss which a gas 
company eustaiued upon the gas, as ascertained, in the first place 
by the meter ni the stations, and in the second by the money 
which the ga.** company received. A thousand and one things 
liappened between the station meter and the receipt of the money 
by the company. In the first place there was leakage at the 
works, which was very considerable. In the next place there 
was the consumption of gas upon the premiBes^ which was io be 
eonuted by millions of feet a year, and which very few gas com- 
panies took into account Then the gas went into the mains, 
from which there was a very slight escape indeed, and that escape 
passed into the soil, where it was absorbed without danger. A 
great loss occurred from the service- pi pes, much more than from 
the mains of the eompany. That was a loss which ought as far 
as possible to be prevented; and if gas companies generally used 
lead pipe instead of wrought- iron for services, as was done in 
many places with great success, they would not suSer in thia 
way,' The gas eventually went to the meter, which professed U> 
measure the whole that passed through it, but it often di<l not; 
and any defect of the meter, whether wet or dry, was against the 
gas company. Then there was all the surreptitious and fraudu- 
lent consumption of gas, which in a great city was not ineouai- 
demble. Then, further, there was the waste in the public lamps* 
which was greater than a!«y other, for this reason: each lamp 
was a consumer with only one light, and the pipe mast be as full 
of gas for that consumer as for a private consumer ueing ten or 
twenty lights, and thus there would be a greater proportion of 
leakage. All these things put together went by the general 
name of leakage, whilst the escape from the mains of a well- 
managed company was not more than 2|^per cent* Mr, Hawkesley 
instanced the case of a gas comj>any in Denmark, whose works ha 
superinteuded, and in which the whdte leakage, over a period of 
three years, did not average 5 per cent,, and at Nottinghjim, 
before the in trod action of I^ord Kedesdale's Meter Act, the leakage 
was as low as 8 per cent; but owing to the operation of that Act 
it had latterly been as much as 14 per cent The way in which 
accidents would happen tu subways was this: — A gas company 
alone could not control all the operations of the subway; other 
workmen would be employed there who might be the occasion of 
accidents. If the streets of London were generally subwayed, he 
had DO hesitation in saying that with 2000 miles of subway, there 
would not be a day without an explosion, if the gaa mains were 
laid in them; and it would be impossible, in the nature of things, 
to prevent this. Passing to what had been said with regard to 
the gaslights in Paris, he would say he did not find anything 
better there than we had at home. The quality of the gaa, the 
mode of manufacture, the amount of production, and the system 
of distribution, were in every respect inferior to what we had 
here, and, above all, the price of gas was 50 per cent higher than 
our maximum price. The French system of political economy 
was the worst that could possibly be adopted. It was a system 
by which the municijmtity was briber! to participate in the profits 
on high prices; and the consequence was, that those who con- 
Buraed gaa were made to pay a portion of the taxes of those who 
did not do so. The same thing bad been attempted, with varioaa 
degrees of success, and want of success, in this country, a notable 
example of which existed — and to a certain extent still exists — 
at Manchester, but under modified circumstances. Fur many 
years the corporation of Manchester charged a very much higher 
price for their gas than the companies in the surrounding towns, 
and the money so obtained was applied to municipal purposes. 
The consequeucs was, a certain portion of the community wen 
taxed for the benefitof the other portion. For a time that system 
went on very well, but it ultimately gave rise to a violent class 
agitation, which it was always desirable to avoid; one portion of 
the community was arrayed against the other on the price of gaa, 
and that went on for several years, and at last resulted in the gas 
constimers beaUng the non-cansumers, and then the price of gat 
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was brought down to Bomethitig like a readonable amount. Paria 
WAS A much belter tighlt'd cltj ihia Loudou, but the Paris gaain 
illutDliiHliDg power was interior to oura. The fact waa, in Faria 
the peuple lived, not ;ia we tlid, oue aloognide the other, but one 
nhove the other, and the consequence was the popuUiion there 
wua distributed over a much shorter length uf streets. In Paris 
they bad one lamp to every sixty persons •, the eoiiscqueuce was, 
that in the principal streets the lights w«*re brought very cIo»e to 
^^^-M^ Other; but it did not thence follow that because the city was 
i I I r lighted, the gas won better. Ita iuferiority was accounted 
lur by the description of coala they used ; they, nevertheless, 
mail© aa guod gas aa they could under the circumatances, and 
they took good care to use the kind of burner which gave iha 
inoBt perfect combustion. This was a matter which waa neglected 
tn T^ndoOi but we were improving in that respect; and when we 
|i u ] ;t^ touch attention to these detaila aa was done m Parin, the 
« "iiiloQ gaa would give a greater amount of light than that lu 
Paria. 

Dr. Wtlde remarked that in the present advanced state of 
»cienoe there might be no practical dithculty in the employment 
of the subways of citie;* ns channela for the laying of gaa atid 
wtiter mains, so as to prevent the ooostant antioyftooe ariiiiig 
frani breaking up the streets for those purpoaea. 

Mr. Gore, having had experience in the laying of gas mains in 
thia country and abroad, was inclined to think that the promoters 
of the subway syatem were at the pt*esent moment somewhat iu 
the dark on that question. He cnuld quite understand that in 
•itnatiurs where lliere w?ia a sufficient current of air to carry off 
the escf^ped gas there could be no explosion, but it did not follow 
that in a subway the current of air would be so rapid as to have 
this etfect. Having been engaged, in 1801, in laying down gaa 
mains in Yalpaniiso, the geological formation in some parts was 
such that at six inches below the surface of the soil granite waa 
reached, and through that material a chaunel had lo be ctdpped 
Away of sufficient depth toadmitofthe gas main being laid down. 
Theoretically that would be supposed to forra a very beautiful 
channel in which to lay the pipe«, but a reference tc» the bookaof 
the company would show that the cost of repairs iu that channel 
alone amounted to 75 per cent more than in doable the lens^th at 
other i^^arta of the town where the pipes were laid in a diUerent 
material, Mr. Hawkealey had very properly wiid that the soil 
was the best safeguard agaiont the escape of gas, and at the B:ime 
time it formed the beat elastic cushion ou which to lay pipes. In 
laying pipes in a subwa}, there must be a number of rigid filed 
points or brackets on which they niuat rest, and there would ba 
a severe vibration occasioned by the traffic passiu)^ overhead; the 
«ffect of which on cast-iron mains so supported would, iu a very 
short period, t>e very serious, in causing leaknt^e at the joints. 
He (Mn Gore) was now engaged in preparations for lighting with 
gas the city of Mexico, and he had visited every establishment at 
which he thought ho could gain information, Amount other* 
be had met gentlemen connected with the subways in Paris, and 
on his mentioning the subject to them, they strongly advised him 
not to carry the maiua through subways* 

Mr. W. MA.CFARLINE waa not satisfied, tipon the evidence 
adduced by Mr, Burnell,M to the undeairability of the employment 
of subways for the laying of gas mains, nor did the observatiuns 
of the laat speaker sritisfy him more on the same point. He 
thought, if they were not prepared to alter the material of the 
plpcrf, they must alter the coustruction of the joints, for if they 
put pipea in a subway with the present ayatem of jointing, 
there would be a liability to great eaca|>ea of gas. There waa^ 
however, no reaaon why an improvement should not be made in 
this reapect The queati«m was, whether iron waa the proper 
material for the pipes, uuless the interior were coated with a 
preservative aubatance; and jf, besides thia, a better syateni of 
joints were introduced, he had no doubt that subways might be 
used for gas-pipea without danger. 

Mr. BcTRNELL, in reply upon the discussion, would simply refer 
to the observation of Mr. Godwin, that tlm firactic^d objection to 
the use of subwaya for gas mains rested on the sole teslimony of 
one French engineer, M. Belgrand* Upon that he woukl remark 
that he had referred especially to that gentbman beciuae ho waa 
the principal engineer in that department ia Pari.s and had had 
the largest practicid experience in the laying of gun pipes in 
subwaya. He might mention that M. Belgrand^s evidence on 
the point waa coudrnied b^ the opinions of M. Dupuit, who 
formerly occupied the positlou of M. Belgrand, by those of 



MM. MoutoQ and Iluet, engineers of the poDts-et-chansaees 
and also by M, Leloup, inspecteur des eaux, as well as MM. Gay- 
ffier and Camus. I'he oniy evidence in Paris anything like 
favourable to the aubwaya waa that of the architect of the 
LfOuvre. Tlierefnre, on the one side they had the evidence of 
engineers who Lad l*eeu practically cc»ocemed in the lay luff of 
pi{>ea, and on the other side they had only the evidence of an 
architect. He could only say further, aa to the quality of the 
Paris gas, it waa very much below that of London, In the 
former ciiy the gas was called seven-can<lle gaa, and iu the latter 
the standard of itluminutlon was eleven candles. 

The Chairman said he waa not at alt afraid, though he had 
heard of exph>siuus in the Paria subway*, of such occurrences 
taking place iu this country. A strong current of air would not 
be agreeable in a house, but it would not be objectionable in it 
subway. He had been present when gas was lighted in a subway, 
and when, according to the views of some of his friends, ku 
explosion should have taken place; but there was a ttufficient 
current of air through it to almost blow out the flame of the ga*. 
While t!i,it w»s the case there could be no fear of explosion from 
confined gas; and he waa surprised to henr gentlemen say that 
proper utteutiou had not been paid to that matter iu the subways 
already ©juatructed. He waa sure all would agree that aubwHya 
if safe must be of great public advautage. They could not f;iil to 
be a great benefit to the gaa companies. While so many advan- 
tagea were held out he waa persuaded that nothiog would 
prevent this improvement from going on. Since this subject waa 
tirst mooted he had seen great changes in public opinion, and in 
the minds of gas engineers themHelvea; and many who were 
opposed to subways— even amongst the engineers of Pari* — wei-e 
now looking forward to a better state of things, and even made 
projiositious fur introducing gaa-pipea into the subways. 



INSTITUTION OF CIVIL ENGINEEKS. 
Presidents Address.^ 

Havinq now enumerated in some detail the various deacrip- 
tinns of work which engiiieera are called upon to carry out, 1 will 
next proceed to point out the kind of preparation which, iu my 
opinion, ia requisite to enable them to [perform their work in a 
proper manner. I am aware of the difficulty of the task, and of 
the wide difference of opinion which exists on the subject; but 
I feel unable to resist the opportunity of bringing this qnestion 
under the consideration of the Tnatitation, because 1 feel con- 
vinced that at no period iu the history of the profession has it 
been so important as at the piTsent time. Thoae who may not 
lie di8jK>sed lo coincide in my viewa may at least be led by the 
description of them to throw new light on a subject which is of 
vitid c^iuaequeuce. We of the passing generation have hail to 
acquire our professional k'nowledf^e aa we beat C(mld, often not 
until it was wanted for immediate use, generally in haste and 
precariously, and merely to fulfil the purpose of the hour; and 
therefore it is that we earnestly desire for the rising generation 
tho6e better opportunities and that more aystematic training, for 
which iu our time no provision had been made, because it wms 
not then so imperatively ret) ui red. 

The preparation and training for the civil engineer may be 
shortly described as fidlows: — 1. General instruction, or a lib«nii 
education. 2. Special education ns a preparation for technical know* 
ledge. 3. Technical knowledge. 4. Preparation for condncting prac- 
tical works. All thia preparation and training will have to be acquired 
atsome time or other, and In some order or other, and it is known that 
in the cases of some successful persona of great perseverance, they 
have been acquired in a very remarkable order; but at the present 
time, and with all our modern opportunities, there is no reaaon 
why they should not be learned in the most convenient aod 
methodical manner. 

I will begin by supposing a boy of fourteen, in whom hit 
parents have discovered a mechanical bias, who has made good 
progress iu his general education, and especially in arithmetic, ia 
of strong constitution, and possessed of considei-ablc energy and 
perseverance; and nnleaa a boy posReases these tendencies and 
qualifications it ia quite useless to destine him for an engineer, — 
taking the boy of fourteen, however, who possessea the requisite 
qualifications, and with a determination ou hia own and bia 
pArenta* part that he shall be made an engineer, the period from 
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fbnrteen to eig^liteen ahoaLd be devoted to the Rpe^ial edacatton 
rvqnired hj an engiDeer; dnrinj; which, mathematics, oatural 
phtloaopUj, land surveying auil levelliog, drawing, cheraiatry^ mi* 
neralogy, g«*oIogy, elrength of material!), ruechanical motions, and 
the principles of hydraulics, should he thoroughly mastered. To 
acfximplish these atudiea, and, in addition, to make considerable 
progreaa in the liviui^ langaagea, Fi-ench and German especially^ 
it will be necessary to sacrifice to some small extent bis classical 
studies and pure mathematics; and it. is, in fact, the partial 
omission of these studies, and the prominence of those I have 
enumerated, which constitute a "special education," If from 
fourteen to eighteen the boy has made all the progress in these 
ttudien which can be reasonably expected from fair abilities and 
more than average peraeverance, the next step is of great iuipor* 
tance, and ia one respecting which some difference of opinion will 
exist. 

At eighteen a boy, if duly prepared, may either be at once 
placed in the office of a civil engineer for a period of four or five 
jeara* pnpilnge, or he may be placed in a mechanical workshopi 
or he may be sent to one of our groat universities, — ^and any one 
of the^e courses may be the best under particular circurastauces, 
•aeh as h>cal convenience, or n» the social position of fmrenta 
may dictate. Tt cannot be doubted that a period of twelve to 
twenty-four months mny be very profitably spent in matinfac- 
luring works, before passing into a civil engineer's ollice; but in 
that case the greatest p(>S9ible care must be taken that the works 
selected are adapted in themselves to impart the desired infurma- 
tioTi; and that proper organisation exists for carrying out strict 
office discipline, regnhirity of attendance, and due diligence; and 
that asststauce be given systematically to the pupil to enable 
bim to obtain all the advantage possible from his stay at the 
works. It is of the greatest importance to the future success of 
tbe engineer that during his profesi^ional preparation he shontd 
continue his studies of mathematics and scientific works relating 
to his profession, and also of iuo<leru languages. 

In I he case of its being intended to send the boy to Cambridge 
or Oxford, it is indispensable tlmt all preliminary profe.^sional 
work, snob as a practical knowledge of mechanics, mechanical 
drawing, surveying, and levelling, should be mastered bofoni 
f^ing to the university, because it can scarcely be expected that 
K© will submit to the drudgery of learning them after his return 
from a three years* university course, then at the age of, say 
twenty- two : probably the best pisn will be to take him awuy 
from bin scholastic studies some what earlier than eighteen, if it 
be inl^ndnd th.it he should go to the university, and to take 
especiid pains to make him acct^uiplished in the preliminary work 
of the drHughtsmani i\w surveyor, and the mechanic; so that 
when he has taken hU degree, and enters as a pupil in a civil 
eflgiueer's office, he will at once commence useful and interesting 
employment, and will not require more than three years' pupilage. 
If ari-angement^ can be so made, and aaauming a boy has worked 
well at school with Win general stutliea, and subsequently with hit 
special studies; and if from the age of seventeen or eighteen he 
dtxtt justice to li!s opj.>iirtunitie8 in a good workshop, keeps up 
hifl knowledge of the mi'dern languages, proceeds to i'am bridge 
or Oxford, tuking a good degree, and afterwards completes bis 
alutlies fis a pupil with acivil engineer, probably auch a course would 
constitute the best postiible preparation itud training which could 
be obtaiiiatl; but at the same time it cannot be doubted that it is 
^ somewhat hnzurdiMi^ combination, and can only be successful 
with great deterntination on the part of thepnpil, to keep his 
ftiture career alwtiya in view, and to prepare for it accordingly, 
us w^ll b^fiire going to the university, during his college careeV, 
a* ' ives it. 

'^ ct to the special preparation of young men between 

the ngi'-a ui fonrteen and seventeen or eighteen, several of the 
lariat and l>eat proprietary schools antl colleges in this country 
have special clajsaes and departments for the study of the applied 
aeiences; and theuce well-prepared pupils are annually sent out 
CO ootomence ihoir career with engineers, wrchitecls, and sur- 
veyors; but still the character of this special preparation, in ils 
theoretical bninches, is ndt considered quite equal to that of 
France or Germany for the civil engineer. 

It is true that nearly all Continental nations have an advantage 
over this c»;untry in the power which the nature of their govern- 
lueot gives tht-m of C(»u cent rating, in one recognised official 
aehool far the preparation of civil engineet^, all the best available 
laWnt of Iheir country. This plan does not exist in our country, 
and oa tbe whole we rejoice that it does not; neither doea the 



induoement of government employment form the chief stimuli 
to our exertion, for whicti we are also thankful; but at the same^ 
time no good reason can exist why the opportanities of acquiring 
theoretical preparation in this country should be inferior to those 
of the Continent ; and I have the confident hope, from the 
anxiety which ja now manifested to increase the ranks of our 
profession, and the desire to have the best poSvsible preparation 
for it, that even in the theoretical branches we shall shortly have 
to acknowledge no inferiority to any other nation. In tlie 
practical brsuches we are adndttedly superior. 

In drawing attention, however, t«i a comparison between our 
own and other countries, let me be guarded against the poasi* 
bility of being understood to suggest that this theoretical equa- 
lity ought to be obtained by any sacrifice whatever of our 
undoubted great practical knowledge; indeed, on the contrary, I 
think that the attention to the yi'eater opportunities winch 
young engineers in this country enjoy, by reason of the number 
and character of our new public works, th/in is atiainnble in 
other countries, should be cortslantly encr-uniged to the utmost 
possible extent, and that our old superiurilyas practical engineers 
should be ever maintained. 

We will now suppose that the general education and the 
special instrnclion have been completed, the short probationary 
pupilage in workshops has been gone through, Innguages and 
mathematics kept up and improved, the university course in 
certain cases completed, and the period has arrived for entering 
a civil engineer's office. In selecting sucb office for a pupil, it is 
important tfiat it should be well organised and not be too large; 
that the engineer should be a comparatively young and rising 
man, and be accustomed to take pupils; hut these should be few 
in number, and bear some proportion to the number and extent 
of the works in usual course of construction under the eugineer^t 
direction. 

It is not necessary to follow the pupil when once the engineer^a 
otlice is entered with any detailed advice, because be ia no longer 
a boy, unable to appreciate his position and duty; we assume 
that be has been liigbly educated and carefully trained, well 
knowing that his future euccess or failure will depend on the 
degree of diligence with which he avails himself of the oppor- 
tunities of acquiring knowledge during his pupilage. The work 
in the office and in the field should be done to the best of hiit 
ability, and after the pupil has become a skilful draugbtsmao, 
and is capable of taking out quantities of engineering works, and 
prefjaring detailed estimates methodically arranged, he will tbeu 
probably proceed to work out details of designs, and make calcu- 
lattoDS of strengths and strains, and thus become of real value in 
the office, at the same time making substantial progress and 
rapid improvement for himself He should avail himself of every 
oppoituaity of mastering the purpose and the principles of con- 
structiou ( the work brought to his notice both in the office and 
in execution; he should ascertain the cost price of all the ma- 
terials and workmanship eroployetl, separating the items into 
every minute detail; and he should continue this practice 
systematically with all works on which he is engaged. 

The information whicli, amongst much beside, should be 
obtained during pupilage, and which is necessary to oonstitute a 
Bound engineer, ia^ — 1. A fair knowledge of the moat fitting 
material for any given work, under any given circumstances. 
% The power of designing any ordinary work with a maximum 
of strength and a minimum of material and labour, 3, A know- 
ledge of the means of ascertaining the coat price of any ordinary 
engineering work. 

The information or knowledge included in this brief ennmerar 
tion may be called practical knowledge; and it cannot be too often 
urged upon young engineers that theory and practice must 
always go together, hand in hand, and chat they are not only not 
inconsistent or conflicting, but that they are necessarily united, 
and must tK>th be fully developed in the same person before he 
CHU become a properly qualified " civil engineer/' The period of 
pupilage should be from three to five years, depending on the 
circumstances which have been previously indicated, and, in 
addition to his attention to the office, and outdoor works, it will 
be welt, while keeping up hh preparatory studies, especially 
mathematics that he should improve his acquaintance with the 
French and German languages, and keep up his knowledge of 
their engineering literature, and also avail himself professionally 
and personally of the advantages ofl'ered by this Institution, In 
the case of the mechanical engineer, however, it will be seen that 
although all scbohustie aud scientific training should be the aaniA 
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na thfti previously described for aU other br&Dobes, the period of 
pupilage of the mechanical eogioeer must necessarily be passed 
chiefly in large workahops or tDRDiifactoriDg establishments. 

I propose now to consider in what manner this Institution caa 
be made available in the prepan^ion of this jouug etigiueerf and 
more nseful to the profession ^'enerally, and as a first step allo\r 
me, very briefly, to trace ita history and refer to its present 
prosperity. It will be remembered that the Institution of Civil 
JSngineera was establiabed on January 2, 1818, and Telford waa 
formally installed president on March 21, 1820. The origin of 
the lustitution was very humble. About the year 1816, Mr, 
Henry Robinson Palmer, who was then articled to Mr. Bryan 
Donkin, suggested to Mr. Joshua Field the idea of forming a 
looiety of young engineera for their mutual improvement in 
mechanical and engineeriug science. The earliest members were 
Mr. Palrapr, Mr. Field, and Mr. William Maudalay, to whom 
were shortly added Mr. James Jones, Mr. Cbarles OoHinge, and 
Mr. James AshwelL When the society was oonatitutedt on 
January 2, 1818, these six yonng men were joined by two others, 
Mr. Thomas Maudslay, and Mr. John T. Lethbrittge, Mr. James 
Jones acting as secretary, and during the remainder of that year 
there was no increase in the number, and there were only three 
additional members in 1819. In the following year. It* 20, when 
Telford became president, there were thirty- two elections. At 
the end of 1822, when the Institution had been established five 
years, there had been fifty-four elections. Telford's name gave » 
great impulse to the progress of the Institution, which grew 
rapidly in importance under his fostering hand, so that at the 
close of 1827^ — after an eiistence of ten years — ^there had been a 
total of 158 elections, and by June 3, 1828, when the Charter cf 
Incorporation under the Great Seal was obtained, the number 
amounted to 185 members. Telford continued to be the pre- 
sident until his decease on September 2, 1834, and at that time 
the actual number of members on the books (as distinct from the 
number elected) was 200. 

Mr. Jamea Walker, the second president, was elected to that 
post on January 20, 1835; and after occupying the chair for ten 
years, he declined to allow himself to be again put in nomination, 
in consequence of a strong expression of opinion from several 
influential members, that a shorter period for the term of the office 
of president had become neoessary. Accordingly, on January 27, 
1945, Sir John Hennie was elected president, and served for three 
years. Since then the chair has been snecessively filled by 
Joshua Field, Sir William Cubitt, James Meadows Rendel, 
Jnmes Simpson, Eobert Stephenson, M.P., Joseph Locke, M.P.» 
Ofwrge Parker Bidder, John Hawkshaw, and John Kobinson 
M'Clean, each of whom haa served for two years, the maximum 
tim«3 now allowed by the bye- laws. • 

It should be mentioned that in the ordinary course of rotation 
Isambeird Kingdom Brunei would have succeeded Robert 
Stephenson, but Brunei requested that he might not then be put 
in nomination, owing to iU-heahh and the pressure of proiefl- 
sional duties; and unhappily his early subsequent decease 
deprived the society of any future opportunity of electing him. 
It must always be a subject of regret to the profession, that in 
the annals of the Institution a member so gifted and accom- 
plished should not appear on their list of presidents. 

At the close of 1836^ when the Institution had existed nineteen 
years, the number of members of all classes who had been elected 
waa 369, and the number of those still remaining on the books 
was 252, or about five-sevenths of those elected. At the close of 
1860 thege numbers were 1636 and 930 respectively, from which 
it appears that three-fifths of all those elected still belonged to 
the Institution, being a decline of only one-seventh in the rela- 
tive proportions after a further existence of twenty-five years. 
The average annual effective increase of members and associatea 
during the ten years from 1840 to 1850 waa 25, and from iSriO 
to 1860 it was 27, the actual Increase in 1859 and 1860 being 37 
in each year. The effective increase in each of the five yeara 
from 1861 U> 1865 inclusive has been 20, 67, 42, 56, and 106. 

The number of members of all classes on the books on Novem- 
ber 30, 1865, were, 

Honorsty Members 20 

Members 48<i 

Aisoeiatw ... GmP 

Gmduairs .. 8 

Ttrtal , 1203 

€^Mii 0ffeoijvt> increaie tii one year of 108 members of all classes. 



It will thus be seen that a steady annual increase haa been the 
characteristic of the Institution from ita commencement; and it 
may be noted in thia, the forty-eighth year of its existence, tliat 
when it had been established twenty-four years, the number of 
members was almost exactly one-half of the present number. 

The experience of the last few sessions shows na clearly that 
we may expect the future rate of increase to be at least equal to 
the past; and the attendance on the Tuesday evenings' discussions 
shows that the interest att^iched to the proceedings of the Institu- 
tion increases in at least an equal proportion with the augmenta- 
tion of the numbers. It is now not uncommon to find onr 
mt?eting hall inconveniently crowded, and occasionally it is alto- 
gether inadequate to accommodate the numbers who desire to be 
present; and many persona who, from the public interest attached 
to some of the subjects, desire to hear, or take part in some of 
the diacusiiions, are now prevented by our restricted accommoda- 
tion from doing so. 

For some years in the early history of the Institution it waa a 
work of considerable difficulty to keep the disbursements within 
the receipts, and except for the admirable management of onr 
late Secretary and now Honorary Secretary, Mr. Man by, it is 
harxl to know what difficulties we might not have experienced; 
it was nnt uulil iU income became sufficiently increased by the 
liberal donaiions of the council and other members, by trust- 
moneys and bequests, and by the increase in its numbers, thai 
the Ini^titution was in a financial position to give increased 
accomtuodutiou ;ind assistance to its members. It may be stated 
that daring the hii^t ten years the average increase on the receipts 
has been forty per cent, whilst the increase in the diebursemetits 
has Vieen only twenty per cent.; and that the present amount of 
the realised property of the Institution may be sefely taken at 
^£25,000. 

It will have been observed that considerable tmprovementa 
have been made in the library of the Institution, and in tte 
arrangements and facilities; and no doubt the Council and 
Secretary will continue to give this imporL*int department their 
earneiit attention, and we may reasonably exj)ect that both the 
contents of the library and its accessibility will be stilt further 
increased* It ie» however, somewhat remarkable that a greater 
number of members do not avail themselves of the additional 
opportunities of reference to the library which have been afforded 
tbem; and this brings me at once to the cousiderntion of the im- 
portant question of the manner in which this Institution may be 
mado more useful to its members. The state of the finances as 
we have already seen, will prudently permit the expenditure of 
a larger an ooal sura than we now disburse, and therefore we are 
at full liberty fioaiicially to consider the question of additional 
aeconinioflation for the members; and I believe the library of the 
Institution would be far more valuable if an arrangement could 
be made by which it might be kept open in the evenings for a 
certain number of days in the week, say until nine or ten o'clock. 
I have ascertained that no practical obstacle to this extension of 
use exists, and that the additional expense would not be oon* 
siderable. 

MtMt of the members of the Institution are necessarily engaged 
in their ordinary daily professional duties during the only hours 
when the library is at present available to them; and it if 
obvious tlmt it is only in the case of a special referenoe being 
requireil, or for some statistical purpose, that the library can be 
useful to members generally under the present arrangemeutL 
I can say from my own experience that I should have felt it a 
a great boon, as a young man, to have had the opportunity of 
spend itig an occasional evening in the library, and of reading 
and consulting the rich record of professional learning and expe- 
rience now collected there, and therefore I throw out this bint 
re8t>ecting the extension of the hours for reading. 

Another step might probably be taken with great advantage 
to students and engine t-s generally, viz., the systematic collection 
of good working drawings, speci 6 cations, and contracts for im- 
portant works in progress or completed, and with facility for 
reference to them in the library, and permission to make tracing* 
or copies. There can be little doubt nut engineers in large prac* 
tioe would permit copies to be taken of their working drawings 
and specifications for this purpose; and in addition to this asaie- 
tance with respect to drawings it would not be difficult to obtain 
permission for the inspection of the works themselves, daring 
their execution, so that young engineers might have the oppor- 
tunity, especially during the summer months, of seeing worlta as 
they are carried out) and comparing them with the drawings Kod 
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specificatlona to wbicU Uioj Itave bad acoeas id the libt-ar)% I 

WDoJd oUo venture to aug^eat that, ia addition to the gn/ater 

Advantnges which miiy be coaferred on thoso iniut^ the library 

hy e3?teadtMl time of agceaa to it, txud to the collcotioa of working 

<lni^n^ and upedficfltion'^, with arrangemeDls fur iuHpeeiion of 

works, a limited Dumber nfl^fctures would he very 

if given by uj^mbers who were eap*^cirilly conversant 

V given subject, nu other eveningH th.»n ihoscs of the 

or j ri . nieeting<5 dudnir the ae^sion of the In!3iituti«>n. 

I li iw approach a question \u connection with ihe Institution 
and ita finiL'tinns upon which, in common witli the profe'ifiiou 
r« M^r. I i' f '• viifess I feel very strongly, »nd that i«, the niicea-sity 
H aoon un po«i^ible a building more coinruodious and 
I . . : eut than that which we now posae-is. Our rapidly- 

iacreasiug mimbers have already reached the point when, as I 
liSkve previously stated, the theatre in which we are now 
&s8embl#d in admittedly iuButficient for the accomfnod'aion uf 
tbotte who wish to attend our discussions; and in addition to 
iiiade«iuate apace, there are conditions inae[>arahly attached to 
the present building which prevent this room being pmperly 
rentil aed and rendered comfnrtable. The other roonn of thi^ 
building are also totally inadequate for the onlinary purposes 
for which they are required, and on the evening of our annual 
oauvers^i^ione eapecially, the crowding and discooifurt are such 
tkB to re|>el marvy of our best frienda from veniunu;^ to be present 
with us. With a proper building and well-arranged rooma, wo 
shail also b** able to hav^e many objects of profes-^innal interest 
for our inspection and study, of which we are at present deprived 
— ^MT.i, u. n.o.Jelg of work and machinery, new ariieled, or new 
or possibly even a good museum. I ho|)e, how- 

, ,., i aliortly be in a position to consider a proposal for 

a new building, worthy of the present position and the future 
reqairementfi of the Institution. 

Having n*«w frankly brought before the Institution some of the 
more icu{^i<>rt^tnt lu'itters which appear calculateil to influence the 
future of the meuibers of our profeasion, permit me to say. in 
eonclusioo, that I am not sanguine enough to expect that I shall 
ftccompiish more in this address than direct the thoughts and 
mttontiou of my profeasionsd brethren to the subject, and induce 
others more able than myself to take it up. It cannot be doubted 
ilhat the rapidly increiising prominence and injportan<^e of our 
n imposes upon um grave responsihility, and the duty nf 
'vatchfolneas, so that the character of our members and 
iji - -uLv.-ss of our works may be all that greater knowledge^ 
"wrider exfierience, and more cultivated tawte ought to make them, 
^f.i fi. ,t nvtry new work of importance may be better than that 
I* pi'eeeded it, and remnin as a monument of progress, of 
...._, il may be proud. It is not now sufficient that an engi- 
neering work should be durable and free from failure; but, wil!i 
oar present means of stndy and of knowledge, it will be ex^>ected 
that oiir works shouM dispUy in a satisfactory dp*?ree the quaii- 
|ie«of fitness, economy, and taste, in addition to that of durability. 
With deeper study and more complete preparation, the love of 
mi r pr nft'*§ ion and pride in its noble works will become greater 
^!?r in its students, and lead to that intense devotion and 
n which history teaches us has alone produced the 
grej^f.CHt works in art and science; and we cannot doubt that far 
greater triumphs remain to be, and will be, achieved by those 
whom I now see before me, than have yet been realised by either 
undent or modern engineers. 

jVt • ! ^ ■" the excitement of professionnl avocations however, 
let oily bear in mind and endeavour to imitate the 

ex*ii<r"- ■ "*^ ilistinguished men who have been removed from 
amongst us duriuif the lant f^w years, in the happy manner in 
which they succeed e 1 incornbfniDg personal friendship with pro- 
iMUOiiitl rivalry, and in their never-failing iutereat in the 
pttitpenty and n^tfuhjess of this InstitutiotL 



J^nmarjf SOrA.— Tlie firwt paper r«jft«l was on '* Tli€ Cmigdlachie 
rindmti:' By W. H, Mili^ M, Iiibi. C.E. 

Ulli rUduct was conetracted for the purptse of carrying the Moray* 
tlliiv lUilway oyer the rivt?r SfKjy, at t^raigellachie,* Banffshire, the 
BQifliKeni Iw^Jtig Mr. Haiuuel (M, Iimt. f \E.>, and the author. It 
«i»<»mM^I of thrv^ fpani of 67 feet uarli on thr uorth bank, and one span 
niiiin channel «»f the river ; orrlinary hoiler plate 
:je fiirmer, and the latter being of wrought-iron on 
ill _kii..»; ^ir II :.pir, Tlic pieiB Afid aliutcienU M'ere of lolid ashlar 
iiiA^ifuy^ Atid the work« were artatiged for a ningle line of railway. 



It wi«i stated that the Spey was one of the krgeot and m<^ rapid 
riven in Scotlaud^ and was »U» i!ul>ji!»ct to Riiddun and heavy tlinjdH» the 
water eometinn « ming 0, 8. (»r IfJ te*it in an nmuy h*jnrs. It wa** alMMtt 
llL* miles in length, took it^ - ^ ' ' - - ; tan rang**, At an 

aUitu<lt> of ^ipw/w^i"* of 1 Him I Mf I for 10 nuk-^ 

ab«»ve the vitnluc-t, which Wji *'a, its avors»ge 

faill was 14 Wt pet mile. No part of ihu rivi^f was navigable for b(»aU, 
but it was mucli usscd for the conveyance uf tiinlicir, which wa» floated 
down in rafta. 

lu designing this viaduct, it was nedsuwiry lo provide aa uninterrupted 
channol for the free passage of raft«» and to con«truct tlie piers and 
abutment* so a* to l^ able to witliHtand the hU>w« and preaMuro from any 
blociijs of ice. or floating timber, that uiti^^ht be brought d«^^vn .luring 
flooiia. The channt;! of the river w:mi at ordinary s^.^a-j^afs 180 
and 4 feet deep in thu centre. Tlie height to th« nndePti'le of ■ - 

from the ueual wiiter level was 20 feet. The bed of the n^MV t^ou.wud 
of coarse gravel inter!i|i#irftf'(| with large irrej.njlnr iKmhlers, overlying a 
coni[jaet laytiT of " I clay. A timb< r " .djiui eutdd not, 

thert*fore, b^ a.lv *• in ployed, and i I'd t*» oae oant- 

inm cylinder fouu .t^^..^,- i r the main pier, . ;i. v.. -.. rpit^r, and nuun 
ahutTueut, and thick tietU of «»oncr»?te for tlie small land t*itT »tid 
abutment. The cyliaderit in the ioaIu pier an^l abutment Wtifc 6 fe»:'t in 
fliamet^r, and iit the email river pier 4 ft. 3 in, iu diitincter. They Wfre 
in two efjual Uogtlui, and formt*d, when h^>lted togettmr, one oomp]'>te 
cylinder 13 ft. C in. in length. Their size was t»ufficifnt to tili i 

to work inside, the large txinlders being broken np with v I 

removed in pit^ct;*, with xUrn excavated matenal. TV 
sinktug the cyliuJtirft waa carried on night nnd d,u\ y 
or five at the same time, and so exp?ditifiusly thut the t v, 
in the main pier were Exed and fille<i with c**«crete iu six Wfck-^, ^wX thw 
fifteen cylinders in the main abutment, where a larger iovw wa^^ i»m- 
ployod, in three weekn. There were eleven cyhndors in the flmall riv«r 
pier, and. in aU case«, the lower eilge» of the cylinder were 13 ft. 6 i«, 
behrw tlie l>t!d of the river. 

The general arrangement of the plate^ angle irons, and T ir^^s of the 
lattice ginlera provided for a fr*;^ circid«tit>n of air U* all the irtniwdirk. 
facility for getting at the parta for cleaning and paintiny, and aN"i ! 
any opprtrtunity for the lodgment of water r»r fenf>vv. 'I'hewe gird*:r> i 
parallel throughout, and their depth was 17 ft, 4 in. The tr»p and b - i 
memljera were X *hiiped, the ^idth acro<<s heing 3 fc»'t, and thev : 
tMimj)oaed of boriicontjU plat«;^, a vertical platn, »ind four ' i > 

the fiecUon adopted ahnnst every jKirtion uf the ifun ^ i : 

effective work, and took ywirt in the strAiii. ^ -i.-^i^^ 
bara was uaefl for each girder, rr>nRi»tini^»if n 
according U^ piwiitlon and n^lative strain, 11 1 
apart from centre to centre, and they carrie^l th« radwav «m thti iv^wer 
flange. The en*sft girders were of wrotight-iron 12 in<'h»'f* *\*-^\\ *Mn\ 
4 feet apart, the rails Iniiug carried nj>on kmj^tudinal tl " 
the crosrt girders. The Lattice ginbirs were hf;ld to^i' 
five wruti^dit-inm diaphragm-s sfu '^ ^ ► i,,,j ^^, ^\^,, 
the top, botti^ni. luid sidei». Th" rs and th 

the smaller spauM were rivetted ' . '. th* main fi . 

thus one continuous uyi^tera. At the main pior the ginlerw were \nyiu 
down to the imusonry, while at the other pierf and at the abutioenl* 
girder* rested upon turned cMt-in»n rollen*. 

The resultfl of several expenitient* showed that the avta-wrc bwakiug 
weight of the plates was 22*31^ t^ms piT wjuare ir ' ' ^ *' -- i- 

iroOH 24 1 (] tona per square inch. At thf» rTOTornr 
moving load equal to 1 t')n per lineal fwt, the i-i 
iyir*lers was only Jths of an inch, and there Wi\h no iK?rinanrnt set in <»> 
of the girders. The effective Bectioual area of tike bottr.m rn mJ r, 
de*lucting for cover plate^ rivets, Ac, was 70 square iiicti- l 

tensile strain of 4'1 Urns per uquare inch. The idfeetivc i*. • 
upper member^ without deducting fiir covrr ' 
inches, which iL^ave a cfimpree«aive strain of : 

The quantities of materia K ^"-' i •" *^'- <•' , ( . -. 

of, and the actual crmt of ti oxb of the work 

in detail. It appeared tii -n of the fonriM 

commenced in May 18<!J2, »jjd that the vimluct waa op#med i^i i 
traffic in July iMtiU' Th** t«>Ul co«t hatl amounU'd to £12, U»'-). or . 
to £29 lOf. per lineal foot. 

Tlie second paper reiwl was on ** The Gvand I^ivrr Viadutt^ Maurttiut 
Mailw'iffi,'' By W. Ridley. 

It WAfl stated that the l"?nglh of i' :, from abutro'^nt lo 

ahutment, was 020 feet, and Umt tlii ^vns dlvide^l wUi five 

openings of 110 feet each in th<^ clear, i > • n i>uL fr^rv -i i ■ - ' - 

raib to the surface of the wati-r waa Pit* ft. W in 
composed of two cafii-irt:m cylindem, eivch 10 feet in I , 

ujiwrn maeoniy foundations, and frlltt^l with ooner*sle ; tlie work* Imjh^ 
a single line of railway. Mr. Hawk^haw (Pn«t Pri'<^idriii, InA. ' 
Wft* the con»ulting engineer to the Govermnent 
contract*jra for these railways were Messrs. Br.' 
Mr. LoQgridge (M. Inst, cfe.) acted as resident wgi mc. in ■ 
th*j piers of this viaduct, cyUadric tm^ Si SfsAK Sw^ '^v^. ^ 
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five flegments each, aiiJ were Ixilto*! together !»}' intenial flftniris. The 
abutment (ni the Port Louis hIjU- was huilt upi>n luinl tufa, suitl No. 1 
pier reBtctl u|K)u a mck jjnijtictiii;^' on the side of the niviiu.-. 1 Juriu.:,' the 
excavation inr the foun«lati«»n of N«>. '2 pier c«>nsi(l«'ral»lo tr..iil»lo wjw 
caused, owin^j to the pier Immh;,' situateil cloflo in to the inl^r of tiie river, 
and fr«>ni the nature «if the ^touihI, which ttnwiftletl of large Inndders 
and fine river gravel, the water freely ivrt-olatinj,' on all buIva. At tirst 
it wa? thought that tht- water might Ixj kfj>t out hy a «erii'S <if dainn, 
hut thewe j)n»vetl insutKLJent, as the water fouud it':* way thmuudi the 
bottom in nueh quautitierf, that it Iwrame m-ct^jsary t«» resort to stfuni- 
j)Ower. In order to render the workini; of the |iumj)s more r-ttcclual, 
the straight discharge piiKS, which were 4 iiiehos in dianwtvr, were 
tapfrcil out at the dischargi- ends t«) S^ inch»?s. The eiiVct of this 
alu*ration was, that nearly twiee the amount of wat*-r was tli.-livere<l. 
The two pumjis made 3i)t) revoUitious jh.t minute, and dineharjfcd Ui-arly 
3000 gallons jkt minute. It was next n-solved that tlie f.»undation 
Hhould \io formed of lilt»cks of concrete, and that sutticieMt exravutitm 
for one bl«K*k only should l»e taken out at a time. 'rar[NUirmM wj-pj laid 
in the bottom, and for 1 feet up the sides of tin- exeav:ition. f.>r the 
pur|Kwe of prevt-nting tin; numcDUs springs of wat^r fpun w.vhiiig out 
the ctiment, and this plan wjw found to answer jMrfeclly, fiv«.- distinct 
blocks Ix'ing thus succiissivtly laid. Tlie f»)undatitin for S't». .'5 pii.'r wjia 
of the same description a-* that of No. 2 \nv.r, while No. 4 pier anil the 
adjoining abutment were foundtril ujMin r«>ek and hanl tufa. 

'flic segments ftir the first rings of each pi«:r were lift-d into their 
places by means of sheer-legs and t;ickle. and in two ca-^ts th ; second 
rings also ; but subseipiently a ni.-ist, with a cross-tn-e ami .stmts, 
Uiounteil on a frame insiile th'^^cylindiT, and free t*) n-volve easily when 
requiri'd, was employed. As e:u'li ring was compit-ted, ihf mast, with 
it» supi>ortiiig frames, wa* lift<"d, the time occupiL-l in «ir.(-t:ng this 
being alxmt four h(»urs and a half. Kloven iwiirs of rln^;^ w..re thus 
jilaceil on No. 1 pier, thirtoi n e.u;h on No*«. "2 ami o. and t«.n on No. 4. 
The heights to tht; ti»p of tin- list rin;,^ on esich pier weiv n>pctively 
l»i», 117, 117 and H) fuot. The weiiiht of i-a.:h s..-gmrut lil'Ud w;w 
S'l cwt., and one set of niL-n in one day compleU-d one ring and raised 
the nuist. 

Piers Nos. 1 and 4 were tilled with coTirn-te from the adjoining 
abutments. A single contraftor's rail, wi.'ighing -JJi lb. per lineal van f, 
resU'd on two frames, that on the abutment l>eing hi.L:h-;r than the one 
on the pier, and on this mil a Ih)x with a falw^ l»otlorii was made t«) 
travel, by a sheave rolling over it. The Imx contain-<l 7 cubit- f, ,rt., and 
Weighed, when fiUetl, S}^ evvt. ; as s.n.n as the Cf»nteiits wi-n* dis«luirg«;«l, 
the btix was ilrawn ba«!k liy a T^t\K\ At pi«.'i-s Nos. 2 and :i. th.- cncreto 
was lifted by m«ans of an en-lNrss laiMur of inm. work.-d by a small 
engine. At even* alternate ji»int was tixeil, l)y angle pi-'ci^s and 
diagonal stays, a light d. al sh.-if, sutfu-iently hirge to hold a kisket 
containing m-arly a cubic f.^.t of cmerete. When th.>.' ba-kets arrived 
at the t4)iis of the piers, they w.-n.- lifted off and ein|»ti. d. ami were 
nnunieil on the umlersidis .')f the 8h»-lves. By th.; fi»niier method 
5u cubic yar«ls wore completi-d daily, whilst by th'.- en(lli-s> huhli r about 
40 cubic yanls were dep.sited in the same time, with ojie hutulivd men 
Working at each. The concroU- w.-is carried to a height of a inches 
above the toj«s of the cylin«lers. ami ciMiseijuently b«»r».- the wh.tl.: weight, 
the cylinders untruly serving the pur|Mise of a cik«:ng, an<l pn- venting the 
e(»ncn*te fn»m crushing l:>t» rally. 

'Hie >,nr«lers were srut from tingland in st-ctions of about 12 f.-et long, 
which «m arrival were trannporlcil to the Mahobourir sitl'j of tiie river, 
und were rivett^-d togi-tlur in h-ngths of 3'> t«» 1^ ft-et. A irullet was 
li-re exc-tvat<'d to th^r levrl nf llie abutment, ami exUridinu' ba..'kward3 
to a distamre of about liMi f.vt, it then rose at a slo|>e of about 1 in 5 t«) 
th^ formati.»n level. In this gull»-t the first lengths (»f girders wen; to 
have been built, an.l, as tlu;y were pushed forward, the succeeiling 
Sections were t<» be bn.ught ilown the incline and ad>lfl on. The 
arrangi'ment for launeliing the ginlers was, howeve-r, conniderably 
ni'vlified in England: but this modification, simple an.l illVctive as it 
app-an-d to be, .an.! gim.l as it w.as theoretically, praefie.illy proved a 
failun-, and had eventually to \>e akandoue«l. The orii^inal plan was 
then n^sorted to. A liur of flatdhat«mied jiennanent- way rails, laid on 
1 'Ugitmlinal tiinbi-rs, resthig on cross sleei^ers. was j»la<:ed under the 
ivntre of each u'iider. At every 12 fi et a balk of tind»«r, forming a skid, 
wa« placed trans verstily acr«»s-« tln' rails, and the i,'ii-<lers wen.- weilged up 
U|Min th.rse balks. (.»n the undiTsiib-s of these balks, and <»vi r that part 
which would l>ear up.»n the rjiils. a thin plate of ircm was fixed by two 
b«)lts. tho heads of which were flush with the surfaix; of the t<»p, whilst 
the nuts pntjected undenieatli, ami came up close to tlie inside e<igca of 
the niils, acting as guMes Ut ke<.'p the girder in line when travelling. 
When the ginlers were re.aily to be nn>ved. the rails were well greaseti, 
and men Were placeil at theenils of each ski«l. with sltnlge-hammers to 
keep striking it, to prevent sticking, as well as t^ assist in starting. The 
rails w.re laid thnuighout tlu? gullet, to within 5 feet of the face of the 
abutment, the underside of the rails lieing level with the surface of the 
masonry. When the skids arrived at the end of the raUs, they dtoppeii, 
ami were removed. Ou the t4»p of the he* I {dates, the K*aring plates for 
/2»<'/>ermAnent expamtiou n)llcra were lK)lted. These pUtcs were tapered 
^^/Tat tlie entity »t as to allonr thv roUen to enter and to pass freely in 



natl out. The hitter were linkeil together, and after they tra\-olled over 
the pl:ites were tiken out and retume<l, and linked on to the rollers just 
cntert'd. and were gradually drawn in umler the ginlers. SShort keel 
pi»;ees w«!re folUmeil up on the rollers, as tlie girders anU'auced, by men 
stitiomnl on a scafrold. llio launching Wiis accomplished by means <^ 
])owerrul t:ickle and whiches, ami was so eflV'ctual tliat in one day the 
girdera travelled 12 feet evitry fifteen miimtes ; sul^sequently they were 
mlvanciNl inS fivt in f(»ur hi>urs, and the last s{»an waa completed in aiz 
hours and twenty minutes, the entire length of the pnlers, 030 feet, 
moving *|uit4' fnvly. llie roatlw.ay ginlers, pLit«^ ami permanent way 
Were tlun laid, and in fourti-en days after the launching wua finish^ 
trains wi-re miming over the vi:ulnct. The ginlers tixtil t<i the oentie 
pier, while they n-steii upm rollers at the other piers and at the abut- 
ments, ami so were fn« to ex{Kind and contract. The totid weight of the 
sii]H;rstructun' was ,')t><t t«)ns, of which the nta^lway weighed 147 tons; 
and th«^ total weight of inmwork in tlie jiion, including he<l plates, exi^an- 
sion rollers, &c., was 993 tons. 



Ffhrnn ry 1 2/7*. — Tlio Paper ro:nl was * ' On the Pnneijflen to be clnerred in 
the dnl'tniiiij und urronijrinent of Tci'mina! and otfier liailiciif/ Stations, 
Jtc/'alrin:/ >V«o^<i», ISn-jinc ^fi'd*. <£*c., with reference to the TruJ^c and th€ 
Roll'iiiri *^toeL" I'y'W. Hl'MUEll, AsstK.*. Inst. C.E. 

In this jKiiK?r tlie author j)n>ix»sed to supply what he coned ved to be 
a want in tlur n.'conls of the Institution, the details of the arrangements 
of some of the ])rinci|vd nu-tn>polit'in an>l other railway sUitions, par- 
ticularly of a class which might l»e called ** t<?rminal-inteniie<liate,"a8 
l>eing a comldnation of both kin«ls, such as tliat at New-stnvt, Bir- 
mingham, as well M t»f goods yanls, whjirves and depots, and hK»oniotive 
an<l c.nrriage she<ls, manufmOj'rifS antl workshops, which, it wa« t*i be 
regretteil, liad not \^oen dwelt u]inn in the comprehensive cH»mmunicatioD 
*M)n the Arrangement zwu'l Distribution of Railway Stations," by 
Mr. K. .i. Hood. uM. Inst. C.K.t n^ad at the Institution in the sessioa 
1>j7-**, and publislnd in the '* Minutes of rn»ceeiliugH of the hwt. C.E." 
Vid. xvii.. ]»}>. 141»-4*^1. Fi»r this puri)OSe the plans of the followiD^ 
existing station.-*, .vc, were illustnited and describeil. as they were 
IM-Iieveil tt) enilN»dy the leailing prineiples and reijuirements involveil in 
the constnu'tion of such w«>rks : — the Victoria Station, Pimlico, for the 
London, diatham and Dover and the (in\it Western Railways, n^ well 
as that ftir the Louthm, Brighton and South CiKist, and the Crystal 
P.al.ici; lines: th'j Kuston, liiniiingham, -and Stafftinl Stations of the 
Jjondon and North Westi.-rn IJailway; the NewUm .1 unction btjition on 
the South Devon Railway: the gisuls station at King's-cm.-s lielonging 
t«i th»' <;reat Nijrlhfni ilailwav : the workshojis at Battersea, ctniikMited 
with th<> London, Chatham and Dover Railway ; and the Hallway 
Carria;^e and Wagg«»n factory tif Messrs. I*n)wn, Marshall and Co., at 
Biriniir^ham. 

The author considen-d, th.at at tenninal, temiinal-iiiteniieiliate, and 
junction stations, the thn)U;:Ii and the Ix'al traffic should be kept distinct; 
that oxcursii>n trallic shouM not Uj allowe^l t<» interfere with the regular 
booking offie^'s. <!ither for thpiu-^h i»r loeal trains: tliat the platfunus for 
the throuirh trallic at t<;rminal and junction stations shouM lie at least 
3<) fe«'t wid.', and for th'j lural traffic, docks, with separate lines of rails, 
could if tl»'sin«l l>o t.ikiii out of th«« cxtn'me ends of these platforms, as 
at Kinu's-eross : that the in and thi* out panxds offices shouM l>o at the 
ends of thi- platforms furthe.^^t from the pasfiit-nger and carriage entrances, 
as at King\-erii-s and at I'.nMington : tlutt the ]iositit»n j»f the left 
Ing^a^e anil clo;ik rooms at I'addington had K'cn found to be convenient; 
that all clitsets, &c.. should Ik: wi-ll vMitilated, ami be designed to 
is.rform the maximum of work with the minimum of water. el<trit:t*» being 
arrani:<il to fiii->h both on the o|)ening :uid the closing of the di>ors, and 
glaz«'d ba.*ins b;jing pnHenible to plate for urin.als, and tluit Uivat4»ries 
should be ])rovided at all U.-iininal and junction btations, as at Perth, 
even if a small charge were ma»h* for their use, which was not however 
the case in the instance cited. 

He thtuight that the I'arriage running and repairing shells should be 
adjacent to t^Tininal, tt>rminal-int^'nne<iiate, and junction stations, to 
avi»iil '*dea«l** mileagi% an«l that tin; b»'st situatiim was jnwsibly between 
the |iassenL'er ami the goods station. A siding under cover should also 
})o pro V ill I'd for engines in st(*am, with facilities for ct>king and watering. 
The goods yard and slie<ls might Ik: either attached to and form part of 
the pasR(.>ni;r.'r statitin. though distnict fri>m it, or a preferable plan was 
to ]>la<H} it at a distance, inclosed within its own wall. Itn |^>8itinn, 
with n'ganl to the main line, should be such, tliat trains might be 
run din'ct into and out of the sheds, &c.. without the trucks li.%ving to 
be uncouple' 1. There ought to U^ sepanitt; arrival and departure plat- 
fonns. ]>n)vided with applianct-s for tht: nipid loading, unloading, and 
sorting of gixKls. It Wiis desiniblc that mineral and goods traffic should 
be kept distinct, tliat sorting sidings slioidd lie ] divided for I)i>th, the 
arran;^'nients lieing in all castas matle with a view to av-nd. as far as 
possible, the nec-essity of shunting with en<^nes. At junction and 
terminal -inteniiediate stations, there should Ite two thnmgb lines in the 
centre, over which goods and mhieral tmffic might be worked ; and all 
such stations should lie on a level, with short desoendiug gradients al 
each end, to assist in stopping and starting the trains. At 
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lefmlnal stJitinnB it wa.« convenient to h^re tlie gooda thed c\t*m to the 
[iftiisirfiger tUtiun, mid {iiutilUil to the line, tlmt the trueka might be 
aliuntc<t inU} tt> 

Tbe entjine and r In shmild be devu*er1 t^^ fitcilitate tlje ready 

adiuinioQ aiid exit .\% well as for overhiiulLug, cleanHiug, and 

tb«- ^^-'"»' - f ■ * -la ehoiLM be lofty, well-veiitiliited, 

ha ' lie pAMsa^'e uf iiu^u l>otween the walla 

•C'l . iiiiidd Iw pjivud }U)d well dramed, and 

there iMJt.'ht t<» if: Kiiuihu' pit« outmde the shtids for rotjgh ami flirty 
Wrjrit. A pl^'ntiful supply *tf waiter, with a good preRHure, anil accessible 
hy tatnAnn of hyrlnirita, ^c, was neeefi^nry for elcanHing and wanliinj^' out 
tins e»gi»)<? *H»ilere wlwil over tbe pits in the ehoda. Liftings aheAni atid 
<»verhc»*l tmv.r - - - rleemod to ^>c superior t*i jacks, and tbi waste 
hejit ffvirQ tb^ ■ cu was uiefnl for drying the sand to fill the 

U>x«$ of the 1 -, a« well aa for hetiting the phede during the 

wittier hjoUvK*, "Ihe coke plafcforma and the water cranes shcuilil be at 
Ibe fiidet of the lines into or out of the fthede, «o aa to be acceasihle 
without shunting. 

Tbnee closed of efttabliMhiucfitt were needed on all important lineSi 
€r7t, that for the conetruction and renewal of locomotive and carriag^e 
iti»ck : ^cond, the running stutpH, wheru H-^'ht repaim n/iglit l»e executed; 
mad tiiird, engine and carriage ^hmU for rcoeiv-in^ th« stock when not 
In me. The principal workshops should be fiituatc<l where labour and 
mAtferialA could l>e must cheaply iind ea#iily obUiined ; and they should 
hs •»♦ arraitjij'ed a» to avoid unneee^iwiry hanrllin^ and nhifting of material, 
tl*e lum li^iiij^ to let the raw material enter at one end, pt«s through ita 
VMi<ni9 fitagtrf, from one macbitio to auother, until it came out in ih 
fiwiahpd state at the other end. 

At ihp '" ' ' I. Pimltco» two prinoiplys wore illuBlmtetl, the 

booktng ;1(^1 with the Londnn, Chathinn and I>over, and 

■I fight ; litriu line. Tlitf ftnuier \tlx\i wiia ut^eful for 

tdkicti cif It intervalB, though it bccaitie a question 

whethor vlid not then excee<l in length the lonj<e«t 

tnuna. A luu^ dt:p«u:ture pUtfona admitted uf a second train standing 
Usliin^l one abt:>ut to utart, hut without care thi* waw liable to leail to 
ooafuffinn. Where the traffic was of a mixed character, with trainn m 
Cftiick succession, the end booking Mtfioes seemed Ui l»e the best, pro- 
vid^d that th^i'^ '■'■ "-^ ^' *Ht*ieut width of frontage to allow of the several 
b^xtkiiig' olBcL iirt, and opp<mite ti> their respective platform*. 

At thit EuHV^in The bottking offices were situated on ta^h sitle of 

the large central bali, iv%mi which aecenM was jjained to two departure 
plttlf.irrns, «»ne mti '»!fH»'r side. As tht? trainw wereHtarte<l iinlitfcriminately 
fr" I. d that this plan must learl to ci>nfusi^on. The 

pr '"mi wafi a good feature, but the li»wneK8 of the 

ivn i.ir, nad the freijuent supporting columns nccesei- 

t*' Idea. The London Bridy^ti Station of the hSouth 

Ev" d. an illtistration of the way an immense tr^flic haci 

liorm wifricetl in an inconvenient position and a restricted space, by 
eorttbtmu^^ tn ri enrtain extent the tlux^ By^teins of having booking 
oftj^ tiirtj side, at the ends of the platforms, and in a fork 

lie Ahieh alone it was believed hail rendered it poB«ible 

to immerous traitia for the main line, the North Kent, 

th- the Gi'eenwich traffic. 

Tm , .V .7M' -/ *' - ■■- T'irmingham wa* an intertnediate one for 
tin* London and ' m and the Midland railways, and a 

terminal one for t} illey. Tliep; were two main line* through 

libs ctJiitre of the at<iti*m, and the platforms were approachcil by sidiugflj, 
mn iliAt the through trulTie need not be interrupted. The station w»s 
irHnaM in a cutting lietween two tminela, and was so close to one, that 
Uae imlau for pirttng the trains were within the mouth <»f the tunnel, 
leading frequently to delay. The roof was in one span, and a consldc- 
gtJtAe height from tlie ground, securing ample ventilati'>n. The Stafford 
Stadnn, reo^tly erected, was tenutnal for the Trent \' alley and 
Shropehire L^«it*n traimi, and intermediate for the London an<l Xortli* 
Wt5t*^rr:. Here akii there wert* two main centre lines, the platforms 
br ; approat:-hed by hidings, while there were docks at each 

osjr tutinn for local or terminal traffic. The goods station was 

ati' till t f; Mij tlkit for fiasacngers, and there were sorting 

sii 1 J I . I on one side of the line, Newton Junction 

fliti :.. .-Ji lAvuti L.tiiu^iV wa* approached by a aingle line at one 
tmd^ and was pr^tvided with three platfomis, two for the main lino trafSc 
KAd *nU£ for the Torquay and Dartmouth Branch. The carriage re- 
pairing nhops, engine and running Bhede, smithy, &c,, and the goods 
waj«*h(ntit** ha*l all Iwcn prtived to l>e conveniently arranged. 

1 Station of the Great Northern Railway at KingVcron 

GOij fls war»houi>es, coal dept'^ts and wharveSi potatct storeii 

»?ii repairing sheds, stores, stables^ and aU the necesBary offices 

f r I r I rig the jju^giKids and mineral traffic of thftt line. Hie 
''H I I ntwnv had a]0O a goods warehouse, and a circular running 
! >if the itation. The Great Northern gooils ihed was 
J I' .: y :ji [p 'Hire of the yard, and there were fourteen lines of way 
ruimiiig ijito it, with a platform on each aide for the reception and tlia- 
|4Mt:h of gofidi, r>}incf} l*eing reserved outside these, but ettll within the 
iHtilftitig. fnr the I'aiis engaged in collecting and distributing the goods, 
Tfce outer linct neit the platforms were used, one, on the east side, for 



unloading the trucks with the inward goodSi and the other on the west 
side, for the lowling of the outward goods. The inner linoa nearest to 
these were u^ed for the arrival goods trains, and for empty trockn and 
making up trains for depaiture. Aft«r the trucks were unloa<Jt'd they 
were taken by meana of a turn-table ami thn^ugh cross nijxth to the 
departure »ifle, whence they were removed as required, were loa«ir -' ■" ^ 
dispatched. There were great facilities for the rapid dii^patch *'i 
Iwjth inwards and outwards. The goods were entirely under 
could be uuloadeii, lo«4le4J, and dLsfmtcbed without the use of a incit- 
motive in shunting, except at certain seasons wheit the traffic was very 
hea\T. Hyiiraulio power was employed for working the orant^a, and at 
all large stationfi it was found to be economical in every re^fH'* t. The 
stables were \mder the platform.% by which a ^ ' ' | if^e was 

effected. The granary waa at the south end of t li was 

approached by two lines through the centre of ih:iL . , . ^ -i lincflj 

one on each side of the fonner, being reserved for full tmeks. After < 
being unli)aded the empty trucks were ferooved by two lines, <me on eodii 
outer side of thegrKKls shed. There was a water communication between 
the granary and the goodd shed and the Hegent's-caual, so that lighters 
oould reeeive or disdiarge tijeir freights direct from or intf :' ' M- 
inga. On the west mk* of the g«>ids sheil were the con 5 1 

fttiuthSf antl a coal and a stone dock aUti connected with t:. ::_. ,;',s- 
canal. Adjoining there were numeroun private wharves for bricks, etc. 
On the north were the engine, repairing, aud carriage sherls. The«e 
were laid out on the radiating or fan-shaped system. There were eleven 
lines in the centre, at the extremity of the fan, in the repiiiring shed, 
with shopa in the rear, seven lines on tlie south in the loconioti»*e 
painting shed, an<l seven on the north in the curriiig^* shMp*. The run* 
niug shed waa placed in the centre of the fan» in front of the repairing 
shed, with which it commimicatei.! by meuns of a through line, connected 
with the repali'ing shed by means of a traverser. 

l*he locomotive workshops of the London, Ghath&uit and Dover 
Railway, at St*?wart*a'Iane, were conveniently arranged with a view tt> 
the saving of labour, but were not so extensive as those at Crewe, 
Wolvertoii, or Donc^wter. A single line of rails connected the works at 
the entrance with the main line, by means of points and crossings, 
Two parallel linrs of way, running east aud west, were coimeeted with 
the several buildings by turotablet. Roads for spare trucks, etc. i^n- 
united with the roam line, were proviflcd with a separate entrance. 
Adjoining were the rt'pairing shojifl and a semi-circular running shed, 
struck with a ra»lius of 150 feet. Unly the outside 50 feet were covrre*), 
and in thia building there wen; twcuty-^e stalls for engines and tenders, 
Tlie turn-table waa not covered, nor the forty rtiada rft*liAting from it, 
each of which was sufficient for an engine with its tender. It waa oon- 
nected with the main line by three separnte lines. The dif. id vantage of 
thii* arrangr^meot was that, should the turn-table get out c>f order, all the 
engines then in the shed would Imj penned up until the defect waa 
remedied. At the back of the running shed was a repairing shop, witlt 
smithy, engine and boiler house, etc. 

Th^ new shops of the Ltmdon and South Wesjtera at Nine Elm». ahd 
the engine sheds of the Metn:>poUtan at BishopVroad, were sujjplied 
with travenierH worked by steam power, by which a Raving of spat^e was 
effected. The employment of duplicate traverwr?, one for each end, to 
prevent delay in the event of an aticident, would probably Ije ultioiMtf ly 
adopted. Detailed partlciilars were given of the Britannia r 
Works at Birmingham, belonging to Messrs. Brown, Marshall 
and it wa« stated that they were conveniently situated in regju't t.. 
railway and canal accoTnmodatiou, and to facilitate the economical and 
rapi'l m;uiufacture of railway carriages, waggons, etc. 

The rolative merits of the three kinds ol engine and running shedsi 
the rfctaugular, the circular, and the radial or fan-shape, were then 
considered. The latter uyfiteiu required great space, but by uhK^ing 
the running shed in the centre, in front of the repairing shed, tno areft 
was utilised. Another disadvantage was that all the engines must para 
over one pair of points ; but this was not so objcction.able as the single 
turn-table in the centre of the shed. To guard against ' ^ " " " m 
accidents, a few t'ngin«?s in steam shoidd always be kept at t i 

The aceora^m^xlation atfrtrded by the rertangiilnr building in t . >f 

the fan was equal tt» tliat pr»ivideil by the circuUr, while the area covered 
by the latter was nearly onethird more. The rectangular require*! m 
greater am<mnt of permanent way, but the building was leas co " 
The only advantage t)ie semi-ctrctdar possessed over the circular i 
wse that a portion of the ro^iiuB only was coveretl, whiUt a greats 
length of extra road was required between the turn- table and the shed. 



THE CONSTRUCTION OF IRON VESSELS. 
By James Lyall, Jan. 

It ia an existing necessary evil iti our modern wrotigbt-irtm 
Btructnred, that plates requiring to be fastened together must be 
perfonxted, that they may be united Ixilo one complete whole; for, 
as a natural consequence, that part of the plate ao treated must 
be reduced in streugtb in proportion to the number and size of 
holes perforiitedj wbQ\.\^^T \^% aaxa^ \^ ^<3PQfc Xs^ ?ir^\N\% ^x 
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punching; tliorofore all unions iu:ule by rivetting never can he 
equal in structural vnlne to the entire plate, by at least the 
sectional area of the Violos in the line farthest from the butt or 
joining. 'J"iiis objection m«v, to a great extent, be got rid of by 
a little relleiMion nnd eai-e in arraimiug the number of holes 
necessary, and increasing the width of the butt strif), when such 
can bo done, and by substituting a superior quality of iron for 
butt strips; or by making them thicker, when the phiting is of 
the thinner class, the strength through the line of holes next the 
butt may be maintained wlien it is necessary to ]»itch the lioles 
closer, fur the purpose of making the seam water-tight. 

It is also essential in uniting tlie parts of a structure together 
by rivetting, that the rivi'ts be* of the rerpiisite form and size to 
suit and fill the holes tightly at all parts. The best mode of 
accomplishing this has been the subject of much discussion 
among engineers. !Mnny advocate drilled holes, some jirefer 
reaming tliom out after they have been punched, while others 
consider punching the superior plan. The author is of opinion, 
where ])lates are regularly punched fit^m the proper sides, so 
that the smaller diameter of the holes shall adjoin each other 
in their lespoctive plates, no m^de at present pmctiued can sur- 
pass puncliiiig. 

It must certainly bo admitted that a pin or rivet in its cold 
state can be made to lit a parallel smooth liole better than it 
could a hoh.> made by a punching m.'iehine, but the circumstances 
are altered when red-hot rivets aie substituted, as by the aid of 
the hammer or rivettiiig niaeliine tlipy may, while red-hot, be 
forced into the inequalities of unfair and very roui!h holes, and I 
think the rou^h surfaces which punched holes present assist to 
increase the adhesion of the rivet with the plate. Moreover, so 
long as heated rivets are used, drilling holes would be but a us*^- 
less expenditure of money, seeing that by the quickest mode of 
drilling a greater expense would be incurred over punching an 
equal number of holes having a common diameter and depth, 
and it has yet to be seen ihat tlie rivets would fill the holes, even 
when they are drilled, as the hi.'les rciiuire to be made larger 
than the normal isize of the rivet, to allow for its expanding when 
heated. So it would under the most favourable circumstances, 
in a parallel hole, only till that part near to the head in course of 
formation. This defect would be experienced to a much greater 
extent when three or four thicknesses had to be rivetted together; 
and would apply also to punched holes, but wight be obviated 
without incurring additional expenses further than obtaining 
and suppoiting a few more puuches and dies. When it is 
required to rivit several thicknesses of plate together, a hole of 
ail uniform taper njay be obtained by having a separate ])uncli 
for each platt*; and we would then be in possession of a mode of 
fastening cqtial, if not superior, to the fairest bole "which could be 
drilled for the reception of a rivet. 

In boring through a number of plates there is the further 
objection that the drill produces buis on the inner surface of each 
plate, and if these be bolted together, in a vertical or slanting 
position, the borings get between the adjoining surfaces, to rid 
them of which it is necessary to disconnect and in some cases 
remove the plates after they havo been drilled; and then it is not 
to be expect<d the plates will be replaced exactly in the same 

Iiositions as they were w hen drilled* Not that it ciinnot be done; 
mt it is useless to expect that this class of workmen will exercise 
the same care as those engaged at a Sner department of engi- 
neering work. 

Drilling, on the other hand, has the decided advantage of being 
accomplished with the minimum deterioration to the plates. 
This fact has been lx»rne out " in a series of experiments made 
many years ago by Mr. Fairbairn; the mean tensile strength of 
seven specimens was reduced from 5:i,4sG lb. j>er square inch before 
punching, to 41,091) lb. per square inch of solid iron left between 
the holes after punching, more than 28 per cent, of the strength 
of the iron being destroyed by punching, a loss distinct from that 
of the metal actually punched out." 

The tieing and stitlenini^, as well as the strength of the shell, 
and tlie fastening by which it is connected together and to the 
framework, arc all more or less subject to changes according 
as the vessel approaches to the form of a sphere, or assumes that 
of a parallelugniui, or other figure bounded by straight lines, and 
with the relative proix)rtious of the siime, while to both should 
be given a greater })ower of resisUince at those parts which are 
subject to greater pressure from their greater depths. 
It ia here, I tliinlc, a mischievous mistake is made by stopping 
sAi?j-i the bilge sttrJngers towards the fore aud after ends, where, 



from the forms of our wooden vessels, and especially steamers, 
these parts have less power tn resist the he-iviest lateral strains, 
and hence that working called " panting," experienced to a 
considerable extent in tlie " peaks" of steamers going at high 
velocities, on draughts ranging from 16 to 22 feet water. Al- 
th(»ugh the after end may not be subject to ])auiing from the 
same cause as those producing it in the "entrauce," yet in screw 
steamers it is of great importance that the " run" lie as well tied 
and stilfened, that it may be a check to the vibration so much 
felt on board many r>f our screw steamers, If these can be 
lessened by a little outlay at first, it is gain in the end, even where 
the comfort of jxissengers and the j)reservation of valuable 
cargoes are not taken into consideration, as, where there is that 
liability on the part of a structure to work there is, so L^ng as it 
continues, a costly and irreparable evil. 

Now this panting action at the ends of sharp vessels, 14 
principally confined to' that class which requires to Ik) immersed 
to a considerable depth in a rising wave, before displacing a 
sufticient volume of water to become buoyant, and as it is this 
immei-sion with its alternate releases which greatly augments 
this ]>aniing action, intensified by the high speed at which the 
vessel is going, it is requisite that this weakness be met, and tlie 
working ])revented by jilacing material of a suitable f«u-m, and 
capable of uniting and extending over that portion of the vessel 
subject to the action comjdaineil of. The fuller vessel, altlmngh 
able to ciirry more in the entls, has, with the increased cap::C3ty, 
a greater displacement and consequent buoyancy, and therefuru 
cannot be immei'sed to so great a depth as her finer op]x>neut, 
nor yet so frc<piently in a given time, her speed Iwing le.-ss than 
the other; besides, the rounded form of hcfr ends is better suited 
to bear a greater lateml strain with less injury to her structuml 
pro]>erties. It might, therefore, be (|Uestioned whether, with 
the same or even less lateral stilfening in the ends, the fuller 
vessel could not perform her work through a given time with 
less injury than could be obtained from the finer vessel. 

The strain which exposes the great weakness in long iron 
vessels is that to which they are subjected when accidentally 
caught in the middle or by the ends, with the greater part 
unsuj)ported, as in the narrow part of a river or on a submerged 
bank or rock, or when one of the ends, for a considerable lengtli, 
may be* overhung in a )>lace where there is not at all times 
sufficient water to float the susi>ende<l ])art, and prevent the 
strain, duo to the weight of that part with the c;irgo it contains 
and its length, nlfecting the upi>er works of the vessel. These 
are very unfrequent occurrences, it is true, but is it not the dutj 
of the naval constructor to provide — so far as is within his power 
— for such emergencies ? These strains — although of a shorter 
duration — are the same when the vessel is " pitching'' and 
"scending" in a heavy sea, and perhaps, for the duration of each 
rise aud fall, are far more severe, — the strain which is produced 
by the weight and length of the suspended nart, and the cavgo it 
contains, being now aggnivated by the velocity at which it is 
raised, and the sudden shocks met with in its descent. 

The straining of vessels does not at all times act in a vertical 
direction, as in a common girder, but at an angle due to that at 
which the vessel may be sailing while subjected to those strains. 
It therefore becomes a matter of equal importance to have the 
sheer or mouth strake as w»ell as the deck stringers and ties of a 
superior quality of material, ])ossessing a high elastic limit, and 
also the best arrangement of fastening known, so as to obtain the 
greatest possible sti-ength which can be had with the m.iterial 
disposed in this i>art of the structure. If it were possible to 
connect the butts of the outer thickness or strake without re- 
ducing that of the inside stnike, such a method would most 
uucjuestionably be of the highest importance to the strength of 
the vessel, but as it has to be rivetted through the inside strake, 
which becomes the butt strip, there is a great deal of unnecessary 
weight carried in the upper parts of such vessels, which is really 
doing no good to the tensile strength of that part. An extra 
butt strip is sometimes ]>ut on the inside of the inside strakes at 
such parts, by which the rivets pass tiirou^h three thicknesses, the 
two inner of which are but butt .strij)s for the outside one, and gives 
rise to a new evil in a structure exposed to the heaviest tensile 
strains, as the material is now fastened to the ends of rivets of 
more than ordinary length for their diameter. Could not the 
same strength be obtained by substituting a better class of 
materials for the sheer strake; or by using butt stri|)S only, but 
of a size sufficient to form the liners of the adjoining frames to 
Uiose between which the butt is, whereby the best possible 
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armtig«QietiU nf rivets ^uU be made, supposing the butt stripa 
to be of a quality having a teusile slreuglli c'qaal to the beut 

According to Mr, Fnirbairn'a article on the etren^tb of iron 
TeseeU, iu hU valuable work, * Useful Tnfornrntion for rlngineerB,* 
the U}}[H*r wtjrkd of otir niercatitiie luariiie are very far billow the 
reqaireuieuU iiece&snry to meet soch coutitigenctea as we have 
alr^iuly !*ap|»<>Aeti; being Hua|»<tfD<Jt;iI either by tbe middle, the 
ends, or with one end overhung, and not aufficient wjiter /it all 
tiiues aurroutifling it to prevent the upper works being struioed 
to their oltimnte tle«tnictioQ; ruid in ahowing bow the required 
stiength might be obtnined, proposes to pliice longitudin/il celU 
wr bt»x girders iu the line of the upper deck beams. The 
itxip<i^tbiltty of hrtviijg thft inftide tfurfaees oT these girders 
|^rio<licjiUy examined and painted is a great disadvantage, and 
one likely to stand in the way of their ever being adopted 
as a means <if atrengthening the upper worka of vesaeld, A 
tiKMJitiosilion of the siinie might however be adopted — if such an 
arr»ug*'nieut Rhonld lie desired — consist ing of longitudinal 
jfifdeia of the 11 section, of the aaiue dt'pih as the athwart-ahip 
fieaniSf the end?* of whicli wouhl butt againat the sidea of the 
longitu linal ginlers, and be rivetted thereto by longitudinal 
plates un the upper and uutler sides, of saihcieut width to allow 
of their being securely fastened together. But it would appear 
ID this, fKH in nearly nil engineering matters, each oonttructur baa 
Lib own opinion as to whnt ia a tjuflicieut section of iron to effec- 
tii&lly resist the " breaking" of a ship when exposed in the 
nuuiDef already described. 

Mr, Jiihn Vernon, in a v?ry elaborate paper on thia subjeot, 
read before the Institution of Mechanical Engineers at Liverpool 
iti 1863, showed that the strength of an iron ship of I20O tons, 
huUt to t,\ke the highest clasn obtainable, was dulliciently atrong 
to enable her to meet any of the above emergencies without being 
injured. To take *the ikime exsmple ha that adilnced by 
Mr, Vernon; and first, let the vesael be resting by the emls, with 
with the middle unsnpported, and the distance between the 
supfiorta AS given, 165 feet. The sectional area in tension, which 
:-. ... ..1. ,ip oi^ ^^g asaunjption that all the strnkea of .side plating 

iiv« to resist tension **in projwrtiou to their respective 

from the neutral axis,** id " 547 equare inche-i. The 

(■ the nhip '\s *' 758 ton?," that f»f the cargo ** 1945 ton^," 

k total amount of ♦* 2703 tons.** "The length nnauj>- 

tng divided into 14 equal portions, the respective cjirgo 

> or loads of the&e are in the proportions t^f U, lio, 23, :i:i, 

Sii, 14 ie?fwp?ctively, proceeding from the stern to the bow, Tlie 

result obU'iined by taking a mean etfect of lliese several loads at 

Ibe centre of the vested, is that the strain produced at the centre 

by the di>4iribuied load nmoants in this case to 74 fier cent, of 

lh« total load instead of 50 per cent, or one half tlie load as 

wQold hiive been the case if the distribution of the load had been 

' , throughout the entire length. Hence the total dis- 

l<iad civrried being 1945 tons, as ascertained above, the 

f jMJvnient centre load will be in this case 74 per cent, of that 

aru*»int, or 143J) tons; and the additional weight of the vessel 

it^lf, 758 tons, may be considered as equivalent to a load of one 

Jualf the amount, or 370 tons at the centre, making together a 

f.,f J ],,:mI Ht the centre of 1819 tons, one half of which, or 

, is acting at each end by tension on liie lower part of 

i, with a leverage of 92^ feet, or half the length of the 

nnsuppjrted portion ijf the vessel " Following this up, we have 

909 tons, the weight acting at each end by tensi-m into 02^ feet, 

Ibr distance at which this loail is supposed to act from tbe cetitre, 

«qual to a tension of 84,082*5 tons, to resist wliich we have 

•* 647 equare inches," nt a dinUnco of '* 9 feet" from the n^utnil 

axift. Wow, a double rivetted joint is only equal t<> about 14 tons 

per square inch of section when the plates are of a quality cjipable 

of bcarin? 20 tons per square ineh, and as the vessel under 

wotdd be double rivetted, the value of each square 

r» uju^t be allowed to be the same as that ot the 

«i i*jiii<r r^^ined joint We have, therefore, 547 square inche;*, 

into 14 t-ons, into i) feet, equd to a resistance of 68,932 tons; but 

•bowing a deficiency of olGU-5 tons, or about 3G9 square inches, 

mX the name value — 14 tons per 84^|uare inch— and this, after the 

h'/(#' f. 1m ring and lower hohl 8tring<*rf4 have been tiikeu into the 

u. Mr. Vernon, however, meets this by setting down 

M >r sqimre inch of section as the tensile sireu^^'th. 

Jjet it now be supposed that the strain is thrown upon the 

iipfier works of the vessel by its being suspended at the ends and 

rvaUng in the middle; using the same data as Mr. Yeruou^ we 



have the load at the end of the vessel amounting to only 44 per 
cent, of the total load, instead of 50 percent., orone half h» much hb 
woiiM hfivebeen the c;ise if the load had been uniformlydistiihuted 
thr ingh the entire length. With 45 per cent, of the whole 
weight carried, which is 1945 tons, we have S56 tona, in addition 
to which there is the whole weight of the vessel, one half of 
which acts iu conjunction with 44 |jer cent, of the whole load, or 
856 ttins, making a total of 1235 tons, one holf of which, or 
617'5 tons, is acting at each end by tension upon the upper worka 
of the vessel. Let this load be snpjiosed to act at a distance of 
92 J feet ft*om the centre on each end, by which a strain of 
57,1 18 tons will be prrHjuced. This, as before, is obtained by the 
load 6175 tona into the distance at which it acta from the centre 
of the vessel to be resisted by "275 square inches" — obtained aa 
before in the boitom part into IG| feet — the distance from the 
neutral axis, which, tiiken as before at 14 tona per square inch 
for double n vetting, gives 275 X 14 X 16i, equal to about 
62,5132 tons, ahowing 5444 tons above what is required for such 
an emergency; but tliis 275 square inches of section includes the 
side plates frtun the neutnd ajiis, as well as the stringers, ties, 
and angles of both decks, and the iheer strakea. Where the 
centre of strain is not the centre of gravity of the ninlerifll 
intended to resist that strain, the latter never can impart its full 
value U* the structure ot which it forms a part. Hence it will he 
objectionable to include tlie vertical plates on the sitle of a vessel 
below a given depth under the main or other deck uuder which 
the pHncif^l fat^tening i^, and above a given height over the keel 
in vessels of orilinary dimensions. 

Mr, Vernon has, htjwever, made allowance for tbe above 
defect, by reducing the value or number of square inches in every 
slrake in [>roporLion to its relative distance from the neutral 
axix. When the way iu which the upper woiks and bottoms of 
vessels ai e atfpcte<i when under strain is considered with the 
clastic limits of wronght-iron, and that in ** ship plates," this 
property is very limited, it may be questioned whether any of 
tfie phiiing under the sheer atrake and that adjmning it can be 
sjtid to unite with the stringers and the plates in ressiting any 
strain to which they may be subjected before these hav^e been 
strained beyond their elastic limits, even when the strain is 
transmitted in an oblique direction; and in view of the Irudted 
extent of this latter property, the author docs not think it ad- 
miusabte to estimate a number of vertical strakes on different 
pbines, as if they were laid in horizontal layers, or of a shelved 
const met inn, the position mowt elMcacious to resist tension, as is 
d'Uie by taking the centre of gravity of each strake, and con- 
sidering the whole area of the same to act at their respective 
disiances from the neutral axis. If it were not for this and the 
defective mode of arrangement, how is it that so many fine vessels 
have been torn asunder when so exposed If Is it to be wondered 
at, after such cilculationa have been made, in which tbe highest 
credit is given to the material, in the manufacturing, as well ai 
uijiting of which together, so many hidden flaws are never 
detected. This practiatl tcut should show that, instead of a 
sutficient or surplus strength, there ha^ been a very great 
detlcieney, 

A sti'ueture subjected to ce^utinued applications of a load 
exceeding one-third of its breaking weight will ultimately fail if 
these are very numerous, it is not difficult therefore to see that 
a vessel wliich has been at work for some years may be impaired 
in strength by the strains it has undergoneduring that time; and 
that in its being exposed to a strain of longer duration, iu the 
way which we have already supposed, the breaking of the ve« 
is but the completion of a work which for some time has been io^ 
progress. A vessel .*t aea ij never exposed to strains produced 
by the same length c^f overhang as that at which the foregoing 
calculations are made, but here the strain is a gradual one, 
whereas that when the vessel is pitching it is greatly augmented 
by the velocity of each rise, to an extent wddch will make it very 
severe on the parts iu tension, supposing the suspended part lie 
very much s^horler. 

As the value of any lie is proportional to the sectional area of 
tVie rivets uniting it \m the parts tied by it, it would appear 
unnecessnry to tie the deck or any other part of a vessel by 
lengths of iron placed at any other angle than a right angle to 
the beams, or parallel to tli© length of the ve^eb If the sectional 
area of the rivets by which the ties or bracing are united to 
the beams are e'jual, atid exteml over a certain part of their 
length, niight not, therefore, the material used aa diagonals be 
a,nnexed to the preaent tie plates, and united with them in ovar- 



ENGINEEF 

coniiog any tensionnl strain to which the upper works niay be 
exported, aod at the same time overcome the zigzag nctiou im- 
puteii to iron vessel* ? If thi^ view be n c^irrect one* its adoption 
woultl give more satiafactory results, witli less cost than can be 
obt/tiiied by the present uae of diMgoufils. 

In the former days uf wood shipbuilding* a rise was given to 
the ends of the vessel to hide any appearance of " hogging.*' This 
sheering of the decks and bulwarks of a vessel in no way in- 
creased her strength as a whole; but, on the contrary* weakened 
that part which was shalloweatj allhough it gave the nppeai'ancQ 
which was sought. In iron vessels this pmctiue has been very 
cousitlerably lessened by a few conatructors; and, so far nn the 
atreugth of the vessel is concerneil, it is perhaps to be regretted 
that these are but a few; for as long as the practice of eheeriug 
the upper decks, on winch the principnl fasteuiiig ia arranged, is 
followed up, this fastening will be defective iu impr^rting it« full 
value as longitudinal ties, and even th« strirjgers will be similarly 
iofluenced to prevent ihem acLing iu perfect nnisnn with the 
sheer strakes when these are subjected to tensional strains, as 
before the ties can come into tension at the lowest part of the 
sheer they must be in the same plane; while the sheer strakes, 
which are prevented the sutue liberty of action by the rigidity of 
the deck beams, are resisting the strain by which they may be 
atretched to destruction before the deck ties exert anything like 
their full power. And if the vessel hi siraiued iu tlie reverse way, 
by Wing »ius|i>ended from each end, the deck will be Miibjectetl tn 
compression; but instead of the area it contains being usefully 
employed in assisting the bottom of the vessel — now tinder tension 
— it only increases it by the strain from the middle of the deck 
hemg transmitted through the hold Btanchi<ina — the results of 
the downward inclination at that part of the deck given by 
sbeeiing. There are certiiin advantages obtained from giving 
sheer to a vessel, such aa improving her appeal u nee when it hui* 
been properly carried out, and adding a degree of comfort when 
at sea; but could not this be accomplished by sheering the upper 
works only, excepting the deck» widch might be nj.adc straight 
from the stem to the atertn. By this mode^ not only the united 
action of all the material intended to resist the strains to which 
it is subjected would be insured, but with it a greater concentra- 
tion of the weight over the moat buoyant part of the vessel, by 
lessening the carrying capacity of the ends, and curtailing the 
lengths of poopa and forectstiea, which by the proposed mode 
would be more lofty and bettor ventilated; beaides atfonling, in 
many cases, a^ much passenger accommodation as the i^resent 
mode. It would also give greater facilities in constructing the 
vessels, aa in laying down the same but one line and weight 
would be required to mark the beams firm, besides preventing 
mistakes, resulting in irregidaritiea in the sheer lines of the 
beams, and thereby producing a &uperior class of work. 
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■ON POINTS OF ESSENTIAL DIFFERENCE BETWEEN 

ClIEATTVE AND IMITATIVE ART 

By J. T. LToy. 

Of those arii wukjii minister to the delight of the eye^ archi- 
tecture is generally ackuowledged to be the first, beciiuse all the 
other arts contribute t<» its development and beauty. 

The arts of construction, decoration, and ornamentation, mny 
be calleil the three grand divisions of architectural art, It is 
unnecessary to consider what is meant by Construction, but there 
aeems to exist a confusion of ideas regarding tlie terms decoration 
and ornamentation^ indeed^ these words are in general naeti 
nynonymonsly, and yet a real and important difference exints 
between them» the recognition of which will lead t*» a clearer 
understanding of my subject The woi\l "Decoration*' ts derived 
from the latin decor j which means "anything that is seemly or 
becoming," and the %void "Ornamentation** from ofiwimnt/tcm, 
meAijiv^ **lh»t which ^ervea to adorn/* or "that with which any 



person is clothed in a superior manner" The first »>f ihei _ 
words then, would imply scunething which is beHUliful in itaeifj 
the second, a beauty added on tlie aurface, to make the tbing 
itself more beautifqh 

Suppose w^e take three rrmgh stonea of rectangular shape, and 
place two of them in an up* ight poaitioti, and lay the third hori- 
zontally upon the top of^ these, so as to form a lintel, we are 
simply constructing; if we cut theao atones square or rounds or 
tu any way trv to beautify their form, we are decorating; and ii' 
we clothe or cireaa these stones by cutting or paintiug beautifui 
forms upon their surface, we are ornamenting. As ihe art c 
conslrnction can never be called a tine art, it will not W con 
aidered in this p,uper. 

There are three waya of decorating, and thre« ways of orni 
men ting, viz., by simply creating, by creating and indtalinj 
together, and by simply imitating. When we are beautifyinj 
the column of a building, as by rounding, squaring, or fiutii 
we are decoralini*' by aim pi)* creating, beciiuse we may 
argue that such ngidly mathematical forms as these are so 
Been in nature, that it would be affectation to say we were ©oj^ 
ing nature when making uae of them; and when we beautify th 
column, so aa to make it evident that an object in nature (aa thi 
human figure for inatance) has been our type for its decoration, 
we are decorating by portly creating and partly imitating; am 
when we make an exact resemblance to such a figure, so aa t 
lose all idea of a column, we are decorating by simply imitating, j 

In a similar miiuner, when we are beautifying a surface hfi 
cutting or painting geometrical figures upon it, we are ornament 
ing by simply creating; when we cut or paint forma upon ih 
aurfice which have been merely suggested by natural objects, w© 
are ornamenting by both creating and imitating; and when we 
carve or paint these forms exactly aa we aee them in naturei w 
are ornamenting by simply imitating. 

It is perhaps necessary before proceeding /urther to offer 8om( 
explanation of ray meaning of the term **Creative Art," 

We may aay, according to the abstract meaning of tha word 
"create," that it is imposaible for man to create anything, aa much 
aa it is impossible for him to destroy anything; but the word f 
a convenient one to express that originality of thought and foi 
mation which to the mind and eye are certainly origingL Th^ 
most common acceptation of the* term "creative art** impliei 
that tiegree of sentiment, idea, or aa Shakspeare expreaaea it, 
"creation of the mind," which a pictorial artist throws into 1 " 
picture. This, witliout doubt, ia the very highest aignlGcatiou 
the term, 8^> high that, aa Mr, Ruaklu has well shown, the acti 
foi mation of the object upon the canvas is quite aeoondary to 
idea which is conveyed by the object 

The aenae in which I employ the term is of a much lower 
nature, beaiuse it has ev^ery thing to do w^ith the actual formatiooi 
of the object, and nothing with this high ideality. I wish it I 
be considered in the light of Creative art aa opposed to Imitalivi 
aa that art which ia not a direct copy of anything in nature, 
of anything which might be aup[[»osed to exist in nature. 

When man is about to create an object by the simple invention 
of his own mind, he ought to attend to the first law which we 
find in the works of the great Creator Himself, viz. order. It ia 
not necessary to dwell upon the fact, that the whole »>f living 
nature is baaed upon an orderly system, although it would aeem 
to be the will of the Creator that the law ahould be a hidden 
■one to the superficial observer. Such an object as a large full- 
grown tree, for instance, never cunveya to our minda an idea of 
perfect order, and yet all botanista will tell ua that tlie rool 
trunk, and bianchea of a tree are but a constant rejietition < 
the email mathematically formed phvnt in the seed from which ii 
sprung, and that as this mathematical plant grows it become! 
distorted and irregular, merely through accidents^ aa in blights^ 
cold winds, and frosts. Man and the lower animals are made 
with this perfect balance of parts, but, on account of their ev«r- 
varying movements, the idea of uniformity becomes to a great 
degree lost. It is also remarkable, how much order baa to do 
with our whole vvotbbeing. Success in life depends in a gfe*^l 
measure upon orderly habitaand conduct. 

1 will take this opportunity of quoting apaaaage from a book 
entitled * Recreations of a Country Parson, to ahow that even 
in the very smalleac things we shouM pay due attention t» ivi 
The chapter ia "concerning tidiness.'* " Order," aaya Uie writ 
"ia neaven*s first law, and there is a sensible pleasure attcDdii 
the carrying of it out faithfully to the very smallest thio; 
Tidiness ia nothing else than the currying into the hundreds 
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little naatters wbicli tncettis and touch us hour by hour, the same 
grand priociple which directs the Bublitnest raiiguiindes rmd 
AtTaiis of the univer«eJ' The writer goe« on to show hnw a love 
for order is iDher^nt in every good mind, 1 h;ive said ihia tuach 
concerning order, because it would seem to be » law, that every 
ftrt-object which niftu conatructa or creates by the simple workiug 
of bia own mind^ from the most Bublime architectural edifice, 
down to the most insignificant child's toy, oaght to be made with 
due regard to order. 

Tim order, then, is the first essential of pure oreAtive nrt. In 
pure imitative art the case is reversed. We then copy nuture Jts 
sh« naturally appears to us, and as we have seen that she 
natnrally appears disorderly, disorder is ihe e3»ence of imita- 
tive art. Even the term picturesque, as applied in the imitatiou 
of nature, means that amount of ^'admired disoinler '* which is the 
great charm of a picture. We have then one point of essential 
diflerence between crentive aud imitiitive nrt: the former is sym- 
metrical and orderly; the latter uiisym metrical nnd disorderly. 

Doubtless there is such a thing as a creative picture, the most 
common example of which is seen in what we terra tlie Willow 
Pattern plate, and we may say that there is not much order in 
this piece of creative art; and on the other hand we may imitate 
in a picture a nmthematicaliy formed object, and any that there 
IB no disorder in the compositi -n; but I am here talking of the 
di0erence between pure ci-eative, and pure imitative art, in the 
fortner, the simple invention of the mind without imitating the 
works of Qod; and in the latter, the simple imitation of a natural 
obieet without copying the works of man, 

1 have observed that a principle of order should always accora- 
pftoy our constructed works of art. We see this principle 
carried out every day in our best architectural buildings, in the 
fluted columni the moulded pillari in the graceful leaves of the 
Corinthian capital springing from their parent trunk with mathe- 
m&ticat accunicy, and even the naturally carved foliiii^e of the 
Gothic capital, however wayward and fanciful, is bound, in good 
architecture?, to some detined and well-ordered line of beauty, 
80 are the bases, the arches, the buttresses, and pinnacles. This 
orderly outline of objects is a priuciple which lia-^ been carried 
out in the best constructive works of all figes; not only in archi- 
tectural buildings, but in small hoitgehold objects. A Greek 
artist, for instance, never allowed the carving on the aide of his 
vase to project beyoml the general form of the vase, because the 
carving would then have taken away from that orderly, graci^ful 
outline which was the first esaeuiial to its beauty. The large 
building aod the small vase are alike in this particular, that ihey 
are both to be seen on all sides, aud it would seem to be a law 
in art, that any object which is intended to be seen from all aides, 
should from all sidea preseui tti onr view a regular, graceful outline. 
IfwecarvearaemberofthebuildiDg,aaacolumn,iRdirectiraitiition 
of a natural object, this regularity of outline fromditierentpoiutsjof 
view will be lost, and this imitition would seem to be specially 
objectiooabte when the object is pluced on the top of a bnild ng 
io as to stand out in relief against the sky, because the irregu- 
larity of the outline is then most apparent. 

I think that this leads to a question of much interest and 
importance at the present day, when it is so much the custom to 
perpetuate the memory of our great departed by imitative 
sculptures, via,, how far we are jutititied in placing these figures 
in some central position by themselves, where they can be seen 
from all sides. The idea probably in, that thay are more dignilied 
when isolated from all surrounding objects, than when set in a 
niche, and contributing to the beauty of a building. But if these 
figures had strnctnres specially erected to theirindividual honour, 
would they not rather gain than lose in dignity; and whether in 
the distance, in the twilight, or under the canopy of a mist, the 
beautiful outline of the structure would always be maintained, 
instead of the tlgure alone, presenting under such circumstrioces 
ao irregular and frequently meanijigiess mass. 

This leaijs me to depart from the subject for a moment, to 
make a suggestiim with regard to erecting small structures as 
memorials of the great. Would the plan not be a good one, to 
erect a structure containing several niches, to be specially de- 
TOted to the memory of one particular class of men, as great 
ttateemen; another to be specially devoted to the memory of 
great soldiers, &c 

Besides, it seems to have been a recognised rule in what is 
generally allowed to be the best periods of architectural art in the 
world*s history, that all imitative works should have a distinct 
enclosure or frame of their own, but that all creative works should 



stand by themselves. For this reason all naturally carved figure* 
in Classic architecture are enclosed in panels, and in Gothic archi- 
tecture in niches; the niche is the house to the figure, and the 
figure the tenant to the urche, and they are necessary to each 
other. All the membei-s of the building, on the contrary, whioh 
were never rendered directly imitative, could well stand alone; 
and this truth is Btrangefy manifest when we behold, as in the 
ruins of a Greek temple* a band of isolated columns remaining 
after the shell of the eiHtice has broken down, appearing, thou-ilk 
sadly in want of the work they were created to do, quite cfipiJ-le 
of maintaining their own ground, and fighting their own battle 
with the stormy elements around. 

I think then we have arrived at another point of essential 
dilference between creative and imitative art ; the former may 
stand alone, the latter requires protection. 

Now what is true of creative and imitative art as wrought by 
the chisel, is equally true as they are worked out by the pencil 
or the brush. We fnay say that a column of a simple geome- 
trical section, as a round or square, is the lowest degree of creative 
art; it is the case «lso if we draw these geometrical figures xy, 
a fiat surface. We may also say that in sculpture the mere sot \ i li 
imitation of natural objects is the lowest degree of imitative art; 
this is also the case if we imitate these objects upon a flat surfiioe. 

There can be no doubt that the reason why geometrical figures 
are the lowest forma of creative art, la on account of their extreme 
simplicity; and 1 think ihat no artist can lidp feeling this,— that 
the more the geometrically' formed column, and the geometrictdly- 
drawn p?ittern on the wall, lose their rigidity, and become grace- 
ful and tlu wing, like nature herself, always maintaining that 
rigidity and regularity of outline essential to pure creative ari^ 
tlie hij-her does the art rise. And is it not true that the Classic 
column with its pUiin circular section, and the Gothic pillar witS 
its rigidly j>erperidicular lines, that these are beautifully relieved] 
the former longitudinally by its graceful bend, the latter trans 
veraely by its exquisite flow of mouldings. We may therefori 
sjiy, that tlie more flowing or imitative of natui-e creative ar 
becomes, the higher does that art rise. 

The reason why the close imitation of natural objects is th4 
Liwest degree of imitative art, is not so much on account of lb 
simplicity (for the exact imitation of a natural object may be 
matter of considerable difficnlty), but on account of its approach- 
ing 30 nearly to the work of the Creator Himself, that It is 
sometimes mistaken fJ^r that work, and when the mistake ii; 
fliscovered, the ohject remains more as a caricature of natur 
wrought by the hand of man, than as an intelligent copy 
nature rendered through the mind of man. 

In order to be convinced of the truth, that we sometimfl 
mistake the close imitation of nature for a reidity, we have onlj 
to enter our well-known London exhibition of waxwork, wheif 
I believe not a day piSses by that persons are not painfull] 
startled by tlie life-like appearance of the figures they are beholq$ 
ing. It is true that most of these persons think they are lookiol 
at magnificent works of art, and that the painful start occasioned 
by this life like apjiearance is just the proof of it. It only showa 
how little people in general know what is meant by good and bad 
art, and how necesftary it is for us to try by every means in our 
power to point out the ditference. Without doubt the be^t 
reason we can give for such art being wrong is, that it is 
deceptive art, au<l nothing which deceives can possibly be right. 

Perhaps another reason why the mind is not satisfied by the 
too close adherence in art to a living object, is that the more 
nearly the art a^jpi ouches God's work, the more do wo feel in it 
the waot of Cxod's life. The only life an artist CJin throw into his 
figui-e is the life of his own mind, and the more he does that the 
lesji directly imitative of nature will his art become. 

The close or servile imitation of an object iu painting is also 
the lowest degree of that branch of art. I had occasion to quote 
an observation of Mr. Ruakin, that the more idea an artist 
threw into his picture, the less he considered the forui of the 
object which conveyed the idea; but Mr. Hta'sio ^oes fuither than 
this, and shows that the too correct Jrawmg of the object takes 
away from the force of the idea which it conveys; in short the 
artist in such a case is not so particular about his perspective 
and his light and shade, and draws the object in a creative 
manner, so that we see the creative spirit has a great deal in 
common with the creative manipulation.* We may therefore 

* StDca willlDfl the Above I bapii^eDed to i»e«l iritia a pikwi^e in the ' Tc<ii)|>2< ti.\r 
MaeiuaiM* for tbiii tiiaittb» in ma •rticl* apao tbe gnlos of OafUYo Dorf, wh.iii 
«xMt]j upirMMS nj pnftaat mouilDg. It rani ihii^, " tlu) Attbt't grest kaowMi^ 
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Bay that, as imitative art asoeDds, it becomes more like the 
creative; and we saw before that as creative art ascended it 
became more like the imitative. These arts tlien are as two low 
extremes, which, in ascending, partially combine, but which, 
according to the very nature of things, never wholly combine. 

It is their wise combination which leads to the highest degree 
of perfection, and it is their unwise confusion wliicli tendd, in 
decorative art, to ugliness; and in painted oruanieutiil art to that 
wliich is much worae, deception. 

Let us consider what is meant by their ** unwise confusiou." 
J have already observed, when referring to decorative art, how 
any irregular and disorderly outline of an object tends to ugli- 
ness, as in a naturally sculptured figure forming part of the gene- 
ral outline of a building. The natunilly sculptured figure is 
essentially imitative art, and tlie building is essentially creative 
art, and yet they are made to form part and parcel of one thing, 
arj that I think the two arts are thus unwisely confused. 
They would be wisely combined if the imiUitive were kept in its 
natural ftame, and the creative allowed to maiut^iin its regular 
aud graceful outline. Happily, however, it is the rule to tind 
this principle maintained in our buihlings; but it is unhappily 
common to tind it neglected in our articles of furniture, and still 
more so in our small art- objects.* 

This then is niy meaning of the confusion of creative and 
imitative art in decoration. I'lie result is ugliness to the eye, 
causing dissatisfaction to the mind. In painted ornamental art, 
as 1 have said, the case becomes much worse, because such con- 
fusion actually tends to lieceive. We have seen that ornamental 
art means the beautifying of a surface; which may be done by 
sculpturing a natural tigure aud placing it in a niche cut in 
the surface, or by painting a natural object aud placing it in a 
frame. 

As the natural piece of sclpture has already been considered 
under the head of decorative art; we will now consider what is 
meant by the confusion of creative aud imitative art when applied 
to the beautifying of a surface by drawing or painting. 

What do we mean by the imitation of an object upon a flat 
surface; in other words, what do we mean by a picture ? You 
may think thai this is reducing our subject to rather an absurd 
degree of simpli<;ity, for you may very naturally imagine that 
every child knows, in our picture-painting age, what a picture is. 
However, it is necessary to our argument to have the [lictui-e 
briefly defined. 

I have heard it said that we represent nature in a picture as if 
we were holding up a sheet of transparent glass before our eyes, 
aud copying the objects upon that glass as we see iheni. This 
is quite true, but there is one thing to be observed in holding up 
that sheet of glass, — it must not be too large; we should be able 
to see the whole pictuie before us without uioving the body, or 
even the head; and there is only one point of view from which 
we should take in the wh^le with ease. We must therefore be 
able to see the edge of the glass, or, in other words, the line by 
which the picture is bound; and when we have painte<l the 
picture, aud placed it on a wall, this boundary line is generally 
made to separate it still more from surrounding objects by a 
margin of some breadth. This boundary line then is one 
essential characteristic of a picture. (It may here be observed 
that there are two kinds of boundary lines to a pictuie, one 
which marks it otf suddenly from surrounding space, and that 
which marks it otf gradually, as in what are culled *' vignette 
pictures.") Another characteristic of the picture is, that, on 
account of its pers]>ective, and its light and shade, every needless 
point of the surface painted upon becomes lost to the eye, with 
regard to the surface; in other words, tl»e surface itself is never 
considered. This boundary line then, and this h'sin^; of the 
tturface, are sufhcient guides fur our detf*rniining what is meant 
by an ordinary ])icture, or a piece of imitative art upon a surface. 

The beautifying of a surface in creative art is simply the 
reverse of this. There is no need for such a boundary line, 
beciiuse the object itself may stand alone, just as we s;iw the 
creatively sculptured tigures might stand alone; and, unlike the 

hU many technical cxcellenctu, the hold .ind oriuin..] inetho<ii> whii.-h he ha» iutn)dr.ccd 
into i'U art, the invention which charactorii^cit ^lin work, and t^flu the «t«inip of noninn 
U{iOD it, M contrHdistinKaidhed from the elab*M-ate aixnracy which id merely car-'ful 
eopyiMU ; even hi>t fauItA. hid nhortcorniufsa in pcrditetrtivn, hi* difln'^rini of getilogy, 
aud hii wilfully oarelcM drawius, olloi-d in.itt*T for criricii>iu of the c]a^:»t kind." 

* IllaatratiuuM were here refemHl tn, showing that the Diui»t nutly nnd ehiliorate 
Taw« were fretiuently oTerladcn with flpni-o<i aud oniameut on the exterior, to an tu 
bide aliniMt entirely, the Reueral ouiliue of the uhjcct. Theee were cuinjmred with 
tne drawing of a richly onuuncuted ChinoM vmc, the general oaUino of which wm 
bMutiftiiiy maintained. 



picture, every needle's point on the rarfiuie of the object ie 

maintained to the eye, and not lost. 

It is so easy to rou;:hly imitate a piece of nature npon a flat 
surface, aud to forget the great primary object in making the 
imiUttion, that the confusion of creative and imitative art in 
drawing or painting seems to be one of the great atambling- 
blooks to art-])rogiession at the present day. 

If we imitate any object whatever by attending to some of the 
essential conditions of imitative art, and neglect others, then we 
are confusing creative aud imitative art. if, for instance, we 
imitate a vase by putting it into |>erspective, and directly copy it 
in all its light and shade, and then leave it standing on the 
surface })y itself, and neglect to fulfil that other condition of 
iiuitntive art by surrounding it with some boundary line and 
by tilling in s<mie background, which the glass if held up to 
nature would show us, tlien we are confusing creative and 
imitati\e art 

This vase pretends to be creative art because it stands by iteelfi 
and has no boundary line; and it pretends to be imitative art, 
because it is drawn in perspective, and in light aud shade; so 
that it becomes to the eye a confused art, and I am persuaded, 
however well the object may be drawn or painted, that the eye 
can never be really siitisHed in beholding it. Besides, as I have 
observed, such art tends to deceive, because the object drawn in 
this fashion, if well drawn, will appear to stand out to such a 
degree from the surface of the wall, as to make ns believe that 
we are looking at a real object, and not at a painting.* 

It may be said that the beautifying of a letter over a street 
doorway is a matter of small consequence, and not worthy our 
attention. But the truth is, that the very commonness of the 
art raises it to one of great importance. 1 have heard it said, 
when speaking of its importance, — " Well, but what does it 
matter? People like the letters which you say are bad; and, at 
any rate, they can do no harm." 

But I am of opinion that ])eople do not like this false art, and 
that it does do harm. I believe that a very large majority 
of people at the present day do really not know what they like 
in matters of art, simply beoiuse their minds have not been 
educated to understand the ditterence between good art and (»ad; 
and surely, if people are the better for gowl art (which I suppose 
will be allowed) they must \ye the worse for bad. We may say 
(according to the words of a writer before alluded to), ** though 
the wrong may not l>e grave enough to be indicated by a power 
so solemn as conscience; still, constant wrong-<loing, in however 
slight a degree, cannot be without a jar of the entire monJ 
natuie." 

But, unfortunately for art, our so-called people in general, 
together with those artists who pander to their tast(«, are the 
rulers of art at the present day; and if what I have been saying 
with regard to this painte<l vase be true, then nine-tenths of the 
arts as practised around us are wrong. 

Then we must condemn all our highly naturalistic wall-papers, 
and carpets, our illustrated books and art-pa]>ers without num- 
ber, wherever auy art is attempted beyond the simple picture; 
nearly ihe wluOe French school of ornamentation, and a large 
portion of the f^nglish founded upon the French model; the well- 
known Arabe.sques of Uaphael, l^cause in them we have constant 
repetitions of ihe false principle of this painted vase, &c. 

I am quite willing to admit that there is a fascinating kind of 
beauty in such works as these, which would probably in most 
cises be lust if they were done rigidly true to principle; still the 
fact remains, that what beauty they do possess is founded on 
falsity, and we may l>e sure that the mind can never be truly 
satisfied where truth itsell' is absent. 

But there would seem to be a struggle now beginning in the 
art-world around us, between a quiet, good, unpretentious beauty, 
combined with true principle, on the one hand; and a load, 
staring, though fascinating l»eauty, combined with false prin- 
ciple, un the other. It is of courae unnatural that truth and 
beauty should l>e at variance, and if this struggle be manfully 
fought, aided by the people themselves for whom the fight is 
cjirried on, the combination of true principle with perfect beauty 
must triumph in the end. 

j\gain, as the imitative or round-wall painting is only intended 
to l)e seen fi*om one f>nint of view; so the creative or flat-wall 
painting may be seen to advantage from any point of Tiew. 

* One of tlio ordinary block-printed Tat-en for pnper-haoginn, was here retersd to 
a* an iUu>tration; .lud aluo one of the oidinary painted block letters to < 
•hop fronts; other omauent* of a similar uature were also iUutratcd. 
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tists practise that good truthful art which they know is best 
lotted for the iniiuli} of thoae who are to see and ponilor, 

Tiisteand knowledgef then, go hand in h>ind; itnd Burke^ in hia 
* Essay on tlie Sublime and Beautiful/ liaa ft>rciblv |>ointed this 
out. He writes, — **It is known thiit the t^isie (whatever it is) is 
improved exactly aa we improve our judgntent, by extending our 
knowledc^e, by a stdndy atteutiuQ to our ubJ6ct, nnd by frequent 
exercise." 

If tiiate, then, depend upon n knowledge of the subject up«tD 
which the taste is to be exercised, and if this knov, ledge be 
sinnhir in ditferent individually, taste must he Kimdar in different 
individuals. And this is a truth to which all our great writera 
ijpiu art have pointed,— that our t^iatcs are in reality similar, 
and that there is a standard uf perfection, for which we shouk) 
all strive. 

It may be asked why it is there is so much bad taste in art 
nt the present day, not withstanding our advancement in general 
education and knowledge? But it is not the want of general 
knowledge, but the want of the particular art- knowledge wdncli 
18 at fault; aud w© always find that our men of greatest taste are 
theme whu have devoted most study to discover the princi(>le8 
which should guide their taste. The vulgar argument then, that 
we limy do what we choose ia matters of art, because tast«i3 differ, 
falls to the ground. Much more might be said on the suiyect of 
this paper, but it is already e attended beyond its proper liuiits. 

We have indeed a groat consolation in reasoning up*>u auy 
subject, that if simple facts are laid liefore us as a basis for argu- 
ment, and if we do ai'gu<^ unbiassed by prejudice, or uninfluenced 
by any outward circumstances we may be sure that we shall ulti- 
mately agree as to what is meant by ihese^ to us, most important 
wordsj ** Truth in Art.'* 



Mr. Lewis said that, though he agreed with the greater part of Mr" 
Lyons paper, he could not accept one principle laid down in tt| vix,* 
that bad drawiug was an e«u»etitial point iu creative art. 

-Mr. IttDGft observed, that it was not had drawing thjit Mr. Lyou 

contended for, but drawing suitable to the po.tition for which it was 

'"liU»ndKd» Referring to a Japaue^e drawiug of a t^turk which Mr, Lyon 

xhibit^>d, ^Ir. Ridge allowed it wae not strictly true in nature; it how- 

ver Wft« not LDtonded for a picture, but for a decoration, and as fiueh he 

naidcred it excellent. Uc allowe*] it w.^ nut the kind of drawing 

ith which a work on natural history should be illustrated. Tlie prin- 

iipka ftdvocateil in the paf»er ha^l, in the present dny, a great ud vantage 

b ct^ntending w^th ihtmB of an opfwaite character, inosuiuch a*» these 

latter had eea.wd to produce w(»rks like Raphaels Ara*ie»r]utrs, and wt're 

rt'duccHl to such tbiugB ttA Hha<l«d leiterw over iiho|>-fntntJ*. In this 

I iiitT the great thing wa« to discriminate whether wc hwl t^i priuluce i\ 

; I iru lip a piece of decoration. Simple and chaste <locnratiou, fluch a» 

■ ' i,vft laid down cm creative art might lead the architect to atlopL^ 

:ii>re useful than decoration of a nioi^ oniatt? character; im 

t. wanted that which would be most Muitabte for the position 

to Jecorate-, not that wliich made the greatest shnvt. Mr. 

lered the statues uf the Metropolis confirme4l Mr. Lyon's 

I'l-^arance was most oucnrufurtable, and those of bronze 

vtbjectionable; he concluded by moving a vote of thanks 

Mr. GiLBKBT REDftRAVE thought that Mr, Lyon had, to a certain 
extent, been mi^undersUi^id, ^Jr he o»>nsidered that his remarks onh' 
refir^rrtjd to the creiiiive and Luiitativc partii of decorative, and n*>t of 
pictotiMi art. With neapcct to decnrationf he ooaaidered that any oma- 
nient applied to a 6at surface which, by fthading or otherwise, indicated 
relief, was wrong. In wail-decoration the einpli)iiveut uf forms »ug- 
gcBting rehef might perhaps be i^ennittcHl, hut anything of the dcjrt in 
carpets or (lavements was most disagreeable. Hl had frequently t)et:a 
enoauisitic tile floors m arranged m t«j cohiur and ahafje, that they gave 
one tlie idea of a group of pyramids. He could not agree with Mr. 
Lyon as to the art value of the specimens before theni. of Elgyptian, 
OrtiLk, and Japanei«c creative art; he uttributoij the fiibieuees of their 
drawuig l^j th^ir ignorance of i>er«rHJctive, and alluded to an Egyptian 
Hgor»i !»i.'fore them, as whowtiig th»' full frrint and aide view at tlie eame 
time: an utt-r impowiibility iu nature, and therefore no theme either 
(or the ai-tiftt ijr the decora tor. 

Mr hxoH, in an'*wcr to an onqutrv, said he thought it wa« allowable in 
ttahuHl glaiB to liavc light and dark, but no light and ahaile, and no per- 
•{leclMve. 

The Pftisntmrf uud that, glad as he had lieen ti> listen to the palter, 
and to tile delvite which ha^l followed, h* hail not been able to agre« 
with nil thrit bar] Lieon advanced. He should l>e lorry if artiiita of the 
I had to take Kgyptian or JapmeHe drawuig« as inodcln^ and 

V !<' deferencw be luuat beg to differ from Mr.," Lyon, The 

» -Mu V ot jiJJ art, whether greative or imitativcj hkv in ito being ae near 



truth AA poaaible. The man whi) denigns a work of crvativf^ &rt mufi I 
have the love of tnitli in hn» soul. and mmi Jiavo naturv alwayt 1 
before him, guiding him in the laws of his art Thi» Aa*yrian and | 
Japani!«ie drawings which Mr. Lyon bad eulo|ri*Kjd eo much, altHiough ( 
marvnlliius iu their drawing, were fnXae U.) natui-e, and ther«afoi% he £d I 
not think the style w<trthy of imitation. He rcinemht^rv*! »i:eing some ' 
deconttive figuni drawing of the fourteenth century, upon - - -.-r^w 

at Noyon and Bayeux, which, id though piiuted only i^i 'r»:e 

fr<un the falwity and diftt^irtiim which charat'tcn»»e<l the i-_ , - And 
Jftpanesk? style; there was no attempt in them to give flat ami n>und 
drawlri]^ at the aame time, Hia (the pre«ident*§) own opinion WMr 
that all art which tended to distort figures for any nijrpo»»e whatever, 
was utterly wrong; ami he thought that, although much of the distortion 
might lie ttdcen away by clevorneu of drawing, as exemplified in thtfi 
drnwul^:rt referred Uj, yet it wa* always mope or less apparent, but J 
jdthough diffiinng with Mr. Lytm, he had derived much pleasa 
liateuing tii his erudite paper. 

The vote of thanks was carried^ and Mr. Lyon replied. 



Ckri*tian ArchiUeture in the £a«f.— In <»ur report of Ih^ A\...v;^i.-i.y*^ ^j^ j 
the above paper, which a[>f»cared, nt pape 50 of the la»t i hi* 

Joumalp an error ap|>earB which we regret. Mr E^lia, i t-rnl, 

wa« miule to say, that "He did nrjt think that churches oughi U* he built^l 
in fch*^ ninKeenth c«nturyt with a grand nave, long aisW, awl litndp} 
h> n.'aa what waa wiid by Mr Edia was. that i »t ii»i 

Ui . [lanicuUrly aa regards the plan, tlie Ityz-i h*=» ] 

mi.;iit «"' ujKru a« a t)"ps for many of our modem eccb'jLu. 1.1.1.1 punc- 
tures, for which the grand nave and aisles were so eminently ailaptcd. 



SIR DAVID BREWSTER ON TILE PATENT LAW& 

At the corameneement of the present seaaion of the Rriyal 
Society of Edinburgh, the President, Sir David Brewster, J 
deliveretl the opening address, in which he took occasion tcftj 
review the working of our Patent Lawa. The great expanence 
and authority of the learned and eloquent author will render hta 
views upon the subject eBj>eciaIly jTiiHrnHfinir 10 nur rr-aiLns Sir 
D.4vid Brewster said: — 

Among the various finictioni* which our aaeiitilic inatilntioua 
are expecte^l to discharge, not the least important ia to foster the 
labours and protect tiie interests of di^scoverers and inrentora, — 
of those who create new forma of matter and new procetysea of 
art, — who invent new in»triiLuentat f nd new machinery for cuo- 
trolling and reutlering useful the forces of the niatprial «orhh 

The righta of property, in ita material phas*', whatever be its 
character, and by whatever nieana it has been acquired, havd 
ever been held sacred, even in barbarous comm unities. Tba 
boarded treHsnre, or the portion of the earth *8 crust which it roajr 
purchase, can be wrested from ita owner but by lb*' ftjrii'tdlttre of 
crltue or the grasp of conquest. As civiliajitinn advancea, new 
wants are develofietl, and new rights established. The historian, ^ 
the ]»hilo8opher, tl»e antiquary, and tlie poet — the pioneers of fl 
intellectual life — strive to inatrnct and aiuuHe us^ and ctaiin iu V 
return our sympathy and pmtectioD. Hence has arisen the law ' 
of copyright^ iu virtue of which the author of any work, however 
frivoliius iu ita character, however immoral in ita tendency, how- 
ever subversive of order, and however hostile to religion, acquires 
a right of property which successive acta of Parliament have 
enhanctHl in value, by lengthening ita tenure and aihiiug to ita 
security. This ju«t privilege, of which the humblest and the 
highest in the c<unmuniiy avail themselves, ia grnuted gm- 
tuitttusly by the Stale, and is enjoyed during the long f.»eriod of 
forty-eight years, and by the youngest author daring the whole 
of his life. 

In llie progress of civilisation, wants other thati intellectual 
demand immediate gratification. The genius of invention, in its 
yiiungest exercise, is summoned to feed and to clothe us. to oou- 
jure from the inner earth the elements of civilisation, 19 
sTrengihen I fie human arm atid aid the f^iiliug eye, to shield oa 
fr(>m the elements, and to open to the misaionary and tlie 
merchant the rough pathway of the ocean. In its manhmvl, it is 
auninioned to more tranftcendental functions; to supply^ for the 
higlier civilisation, llie luxuries aud elegancies of life; to cany 
us swiKly and safely over earth and ocean; to navigate th«^ tielda 
of ether; ti> converse with the world, in accents of lig1itnintf» 
through the air aud under the deep; to bring within onr reseat cli 
the xuoat distant star; and to reveal the minutest life which 



i 



kllM«.l 



rs JOTJi 



Awarmj beneulK anil around iis. Willi sach functiooa in dia- 
.u, .r.^-. r^ntl having di^^eharged them Dobly, the inventor might 
h1 for a g<fiierouft patronage from the Slate, nurl for 4i 
i-s fiee auJ aecure as the copyriglit of the aiuhor. 
J I property in inveutiand has been acknowleilged by 

.'vIjii uiQuiuuity ill the oUi and the new WMrld»* urn] a 

pAteiit law has been passed to define ita charnctHr, to tix its limit, 
iLud to secure it ag^iiu^tt iufriugeuient. In England, I grieve to 
any, her inrentor«» are more cruelly bixed thjtu in any oiher 
pari of the world. Though her prosipenty, more than that of 
any other nation^ depends on the encoumgemenL of the industrial 
sirU, jei lihe levies fvom the poor inventor — nuy, fruui her beat 
benefactor, the enornioaa sum of £175 for a patent-right of 
fourteen years. lu France the sjime j»rivilege, for tifteen years, 
U given "for j£60, paid by instahiiL^uta of £i for each year of ius 
Ufiiure; and in the United Statea a patent continuei* seventeen 
ye^^rn, and cents only X7 6*. \0d. In Sweden atul Nnrwuy a 
(«iteiit is given for tifteen years, tor the mere expense of adver- 
tising the apecitication. In other countries the diversitiea in the 
enpuse and emiur-iuce of paleut nghta measure the legislative 
wUd^in which characierisea the laws that pretend to encourage 
1 arta; and show ua how unbludhiogly the lindterl uieaua 
*r inventor are transferred to the pockt^ts of ignoi*aat 
iidj in this country, aocuiualated in the cotFerts of au 
iig eiche<^ner. 
Tli« couisequence of such ungenerona legislation it is not diffi- 
cult to discover. The average number of patents grfinted 
annually in England h 200i\ in France 4000, and in the Uuited 
Stated 4JiOO; and hence we are entitled to infer that iipwarda of 
2l>00 patents are annurdly suppressed in England^ and thsit many 
valuable iuveutiona and priKe^jses in the arta are either not pei- 
r ' V their authors, or employed in aejret, and for ever lost 

J ui.-^ i» not the occasion to analyae the patent laws of England, 
jind to criticise the principles which are si»ppotjed to regulate 
their ensictmenta. It may be enough to have referred lo the 
nii«eraVde tenure of fourteen years which they assign to the 
inventor: to the crushing tax of .£l7o which they levy from him; 
t> the illuaory privilege which they give liitn: to the endleaa liti- 
gation into which they lead him; and to the bankruptcy and rtiiu 
in which he is so frequently in vol veil. There are, doubtlesH, 
cases in which patent rights have led to fortune, but it is chiefly 
when the wealthy caprtaiist has come to the rescue of the humble 
inventor, or when the patent hns been conlirnied by the decision 
of a court of law. The lujuatice of the patent law baa beeti so 
fully admitted, that various at'ts of Parliameni have been passed 
in favour of the patentee, aiding slightly to the protection of his 
right, and reilitcing to the sum we have mentioned the expense 
v( its atUiinrntut; but no addition baa been made to the shortness 
of it^ tenure, and no increase of security against direct piracy or 
partial infringement. 

Wliatever difficulty the atateaoiau may experience in giving 
^cunly to the rights of inventors, he can have none in giving 
ihem the same tenure tia copyrighta, and conferriog them aa gni- 
tuitr>Uiily» or at do greater cost than is necessary to cover the 
♦^4]MHiaea of the patent office. Between the national claim»< of 
authurs and inventors there can be no comi>ari»on. Value as you 
may » and value highly, the treasures of ancient and of modern 
tTintt;;ht, what are they when weighed ngaiust the inv^entions of 
lence, predominating over our household arnmgements, 
„ our cities with the sounds of indtistrv, and covering 
uivU ujtchanical life the earth and tlie ocean I The eloquence of 
the orator, the lesson of the historian, the lay of the poet, are, 
ii -V hot the fragrance of the plant whose fruit feeds ua, 

lioae leaves we are healed; or as the auroral tint which 
gtvti, n iLt^ruiJorary glory to a rising or a setting sun. But grant 
to the favoured genius of copyright its highest claimti, and 
Ippreciute loyally ita moat fascinating stores, their value is 
snared, and largely shared, with that of tlie type, the paper, and 
the press, by which these stores have been multiplied and 
preaerved. The relative value of books and inventions may be 
preflented under another phase. Withdraw from circulation the 
secular productions of the preaa that are hoarded in all the 
libraries of tlie world, and society will hardly suffer from the 
change. Withdraw the gifts with which art and science have 
«Tiricno<i ua — the substantial realities through which we live, and 
move, and eojoy our being — and society collapses ioto barbarism. 

* SwitacrlaAd, ChiaA, uid Japoii hare no patent law. 



Under the inttuence of views like these, the friends of iiiven* 
tors have continihid to watch over their interests^ and to prose- 
cute improvements on the patent laws. In this cause some of 
the leading memt>ei*s of the British Aasociatlon, the Inventors* 
Institute, and the Social Science Congress, have been apecially 
activ't^, and thrt ugh their exertions the svibjcct was brought 
before the House of Commons in the laat session of parliament, 
lu the discussions which took place in the house and in the 
commission, the most startling opinions were advanced, and by 
some persons received with favour. The entire abolition of ' 
patent riglita was gravtdy proposed, and the report of the 
comuiid^iuu was not submitted to the conatderatiou of parllameut, 
on the ground that that fundamental queatiou should be pre* 
viously decided. 

PTiid this pro|>o3ul to rob the citiisen of the moat sacred of hia 
rights been accompanied with any auggeation that Government 
sliould give equitable rewards for succi'^ful inventions, even 
patentees might have welcomed the change; but no such auggea- < 
tions have been m.ode, anil, judging from the piist history of j 
British science and art, we cannot indulge the hope of any such i 
act of national libemlity. It is under despotic governments 
alone that national benefactors are rewarded and honoured. 
AV^here mammou is in the ascendant, and the demigo<U of trade 
and commerce influence legislation, intellectual emiu nco must 
look to other lands for its recognition and ita p*itronage, Th» 
preaent raid against the patent laws is the direct and acknow- 
iedgcil result uf the ungenerous iut'uence of trade. The ahortnesa 
of the tenure of patent rights, and the heavy tax levierl from 
inventors^ are expressly maintained, in oi^er to diminish the 
number of patents; and the avowed reason for thus diminishing 
them is, that from their number and frivolity they interfere with 
the operaliona <»f tradesmen and manufacturers, by exposing 
them Ui actions for infriDgement. 

That there are many patents not remunerating, and not 
iiumeiliat»'ly beueticial, U painfully true, when v?e consider how 
yiuch they have cost tlie sanguine inventor. That there are any 
patents really frivolous or useless, in the trne sense of tliese 
terma, can be maintained only by ignorant or interested p^irtiea. 
There is no patent that does not contain a proposal to do sonf&- 
thiug that is new, or to make some improvement upon what ta 
old; and there are many examples of apparently useless patents 
Containing the germs of future and valuable inventions, Thery 
are cases even in which the invention stigmatised as useless has 
proved to be an essential element in a futnre patent, where the 
new patentee has piratically uaet* it, and dared tg comphiin that 
he h.is beeu prosecuted (lir infringement. But there is a still 
more intelligible reason why no patent can be called useless. Iq 
briQ^iug it into the market, workmen are employed, and materials 
purchased; and even if the process, instrument, or machine thus 
otfered to the public lias no a^ile and no useful application, the 
hapless patentee has given liberal fees to several functionaries of 
the State, and contributed nobly to the patent fund. 

That any patent is frivolous and iDJanons, in the sense of iri- 
terfering with the functions of honest traders, is simply untrne. 
If an invention which has been patented at the cost of ^17^5, and 
produced nothing in return, is a necessary part of an important 
invention subsequently patented, it is a positive pn.H>f that 
patents apparently frivolous may be truly valuable. The first 
invention is, therefore, neither au obstacle to improvements, nor 
a ground fi»r litigation. It has on the contrary, led to a gi-eater 
invention; and whether the second patentee has used itignorantly 
or advisedly, he ought to pay for the use of it, tn^itead of 
pleading in a court of law, as he genenilly and dishonestly does, 
that the original specification is defective. But eveu if the caaea 
of intprfering natents were more numerous than they are, and 
n»ore fertile in li ligation, it is the lawgiver, and not the inventor 
that is to blarae. If parliament, in its wisdom, canu^tt reconcile 
the interests of patentees and honest tradeiam.m hut by robbing 
the furn»er, they overlo*>k the fundameuUil law in social eco- 
nomy, that no great improvement cjin be made in the arts of life, 
and no true reform in our institutions, without interfering with 
a variety of interests. To abolish intellectual rights inherent in 
man, and long recoi^uised and enjoyed, and this, too, on the 
single ground of public convenience, would be a retrograde step 
iu tegishitiou, of which history affords no example. As well 
might the surgeon propose to heal a rheumatic limb by 
aniputatioD, or the philanthropist reform n criminal by hia 
execution. 

Id proposing to abolisL pateDt rigbts, it« promoters seefii to 
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have wholly cvverlm^ked the internHtional tnteretiU that are ftt 
etuke. If we have uo patent hiw, we ileprive every foi-eigaer of 
his e.tiatiiig right tt> a British patent. Foreign governments maj 
therefore fiujopt a policy of retfiliation, ami refuse to onr tymntry- 
tuen the patent rights which they now so freely ofij'\v; or, what is 
move pmhable, they may hold out aiMitioiml prjvil**ge« to our 
ingeuious nrtUins, and thus obtain tiie tir^t-fruitt* of their skilK 
Tuventorsi will follow their inventions, and in the cx^mIus to 
foreign conn tries — to the United Stateu, edpecially, with it4* 
clieap and judicious patent iawd — we shall lose, more ripidly 
than we have yet done, the most ingenious of our inventors, and 
the mriat useful of our citizens. 

A policy like thin, ao BoBolian in its character, aud ao injunond 
in \lA results, h as politically unsafe aa it is Bocinlly unwise, ami 
pei-sonally unjuet, Kights that have been tirmly enliibliahed and 
foog enjoye«l are not readily abandoned. Illibeml and oppres^tiv© 
na the patents laws are, they are still the Magna Charta of the 
eommou wealth of inventor*, ami in an age tending to deiurKxacy 
they will not be surrendered witliout a atrui^gle. Kight3 
hitherto unquestioned, and mtt more aacred» may be exfHisetl to 
the same scrtuiuy, and social interests endungered which all cUssev 
liave been accu^toiued to respect and drfend. 

tf these views of patent rights h« just, and if^ as moveable 
property, tliey are art sacred as ct^pyrights, there can be no just 
rcarion why they should not be granted equally cheap, g'ven to 
every applicHUtt auil enjoyed duriug at le:i8t the life of the 
(lalentee. When a philosi^pher or an artizan otfeiH an iuventioD 
to the State, and receives an exclusive privilege hi exclmnge, we 
might expect some equality between the gift and its reward. In 
jierfecting his invention the inventor hjis already spent much of 
his lime, and in many cases exhausted his aiea<M. When a 
suppliant at the Patent OtJice, a heavy payment is demand eti, and 
he purchases a privilege which may lutu him. The lhei>ry of 
auch a tax it would be difficult to discover. Its avowed object 
\n to diminiiith the number of paten Ijs, for the beuetii of noik- 
inveutora; but the object which it really aecompliiihesi is to 
paralyse inventions; to cause vnluable processes to ha wn>iight in 
secret, and in mauy cases to V»e lost; tr> give fees to clerks and 
olficers of state, an«i to create a funrl, the purpose of which has 
not yet l>een revealed. A tax sufliuietit to defray ilie exj^^enses of 
A |mtent nfiice might be justly exacted, hut to demniid a suno 
iwenty-fold that jimoout is a freak of Iimiuce, alien butU lo 
reason and justice. Will it l>e believed iu an enlightened age, 
tliat the sum paid by iuventora to the State during nine years 
and a half, from Oct»iber \^')2 to December 1861, was i'77*2,77t*. 
which, at the same rate, will be Xl,lHJ 1,764 at the etid of the 
present year? Of the sum of £772,778 received in 1S61, 
L.5(»:i,t>o6 h^l8 been expended, viz., £96,000 iu fees to law ofhcerd 
and their clerks, who do nothing for the inventor, and £-lu6,0u0 
for the eXpeiiMes of the Patent Odioe. After all this expenditure, 
the enormous sum of nearly a quarter of a uiitli'Ui td" money, 
wrenched from the inventive genius of England, sliim^M^rs, un- 
iipplied, iu the Exchequer, while our schotds atnl univeraitiea are 
lefi in starve, and the interests of science and art cousigued to 
the mnufHcence nf our seientitic tustiiutiitua. 

In discussing the policy of untaxing, extending, and wcuring 
patent rights, we may view them in relation lo the doctrine of 
free tnide, now developing itself in the legislation of every 
oivili.ied community. In the present utate of the kw, patent 
rights may be a-^id to W iuiptTletl and exported hs freely as the 
instruments and machines in wldch they are emlnidteii; but in 
so far as they are more taxed in one cuuutry than another, the 
trade in their products aud iu their privileges cannot be con- 
si<lered free* A discovery in science, and a pr«>cess or invention 
in art, are gifts otfered to the families of mankind wherever 
they are maile, and whatever be their character. To letter their 
develo|»inent in one country while they are fiwiered iu another, 
U an act of tuternatioual injustice, which free tniile ilisclaims. 
To UiX them anywhere, under any circumstances, and under any 
pretence, is a hint upon political wisdom, an act of crueHy lo 
geii{U*4, and a wrong indicted U|H)n siicieiy at large. 

hi tracing the ri»e and fir<»greHs nf tIios*e great inventioua and 
disQ'iveries which have mlded tu our physical eujoyments and 
eonsolidateil our p<jwer over the materiaf world, we cannot fail 
to t*i*cogni9« the grand object which, in the arrangements uf 
Providence, they are meant loacciuuplish. Wh »tever man is fitted 
to UMilerHtand he is destined to kn^w. Whatever has beet) 
creates! for his u^e he is destineil to etijny. We have yet much 
iu Utivm of the sidereal viDiverse of whii;h we farm u part; uf the 



syatem of planets to which our own b©loni;t; of the physical 
liistory and couBtrnction of our terrestrial home; of the orgstutc 
and inorg7(tiic substances which compose it; of the predoUi« M 
ninterirtls «tore<l »ip for civilisation; and of those noble forms of I 
life and l>eaotv which every whei-e appeal to the affectJODS lUid 
in lei licence of man. 

Rtt while we have thus much to learn, we huve also miich to j 
do, and whatever we huve power to do must eventually be done. 1 
The threat iuveutious which, in living memories, have so myste^J 
ritjunly altered the social condition of our race, measure lo as^l 
howe%'er f«*ebly, what art and scieuce have still to accomplish .1 
Our izigantic steam voasel^^^mr telegraphs, aerial and submariue 
' — our railways — onr lighthouses, ^re still in their infmcy. We 
have yet to pans through the sea with a surer com(>as8, a sharper i 
prow, and a stronger impulse. We hsve yet lo speak morel 
articulately through the air and beneath the ocean. We hnvdl 
yet to guard our coasts with brighter beacons and safer lifeboats;] 
and our milways have yet to c<»nvey us more swiftly and Bafely^ 
lo our home. But, what is m^re ituportant stilt, we have yet lo 
discover and comUit those subtle poisons which are everywhere J 
lissailing the seat ^f life, and burr>tDg thoasaDds of their victitusi 
to the j^rave. 

Iu the ct^n^pletion of these great inventions Aud discoveries, we 
shall then learn, what statesmen have been unable or uu willing 
to team, that art and science are the means by which the bteaa* 
iugs of religion aod civilisritinn are to be sent lo the distant isles 
of the sea,— 'the several families of the earth united in one, ftud | 
the reign of peace and rigliteousneas established on the earth. 

But while art and science are thus adding to our s«»cial bles««| 
iiigs, and are pre-emiiienlly the instruments of p^ace, they ha vein ] 
our day been busily and sucoessfulty employed iu forging the j 
weapons of viuleuce and destruction. Nor is this a retrogrnde 
step in civilisrttion. By increasing the dangers, we diminish the 
chmces of war. In perfecting the machinery of Death, we 
evejitually add security to Life. War may beeoroe ao disastrotm 
in its consequences, so imliacriminate in its slaughter, and to 
appalling in its cjirnage, that it will cease to be the arena of the 
heroic virtues; an<i ihisbUnMiy scourge of humanity — the master 
crime of nations — wiil he crushed by the geunis of art, and perlsli 
by the weapons itself has used. 



PETROLEUM AS A STEAM FUEL. 

The following exhibits the result of a aeries of exprrimenl 
upon the employment of petroleum a*?! a fuel under steam boilers. 
The experiments were ciuiducted by Mr. Julius W, Adams, C.E^ J 
of New York, at the request of the Petroleum Light Company of I 
that city, and are embodied iu a report to the directora:— ] 
M r, Adams slates: 

The difficulty hitherto has been in attempting to burn the 
crude peiroU urn, that the imperfect combustion alone atttunable 
by the menus in use has resulted in great waste of the material* 
aa shown by the dense smoke whidk invariably accompanied alt 
attempts lo burn it in a confined ajiace. This, and the difticuliy | 
of regulating the feed, have hitlierti* prevented a successful appli- 
cation of this material as a fuel in the gonerHtion of steam in 
boilers. I am well aware that it has occasionally been accom- j 
plinhed on a small scale, but no ex|3eriraeut8 that I have know- 
ledge of have exhibited anything like the requisite command of 
the materirtl in feeding the fire» or certainty in its use aa a fuel^ 
This remark ia ma*le in full knowle<lge of what has been accom-J 
plishe^l in this direction by Messrs. Linlou and Shaw, as well j 
by Mr. Hichardsou iu England. This difficulty has, I think, beeti| 
succflissfully overcome in the experiments conducted for y^mr com- 
jiany; and the crude petroleum, without other fuel than the , 
chips for kindling the tires, has been burnt daily under a marint»M 
boiler, in a course of ex|*erioients extending from the mouth of ■! 
May last, and proves more manageable, more under tlie contrrd of 
the 6remao, and developen an amount of heat greater than any 
fuel with which we are hcquaiiited. 

Mr, George W. Qtdutarfl, of tlie Mt>rgaa Iron Works, bavins J 
ofleretl the use of a marine Iw/der fir our experiments, we appljeaj 
our apparatus t>» it, without regard to any disTi^portiou whichi 
might exist between the two ; further experiments being iieeilei|r 
in order to determine their precise relative dimensions, Thr 
experinienta thus f«r h.ive tint extended beyond the determa 



lion iif the £iict ilmt petn>1eutn vnny he used with great faciHtj as 
A fuel uiul<«r steAiu iKnleia, by » fiitigle fireman of ottliujiry iotel- 
iigeooe* No miuute mm lysis haa been made of ita compirative 
wxmomj — Ibe reditlts thtia fnr being regarded as merely gener&l ; 
ImiI from tb» resulU herewith aIidwp, you will be eititbled to 
deterniuie liow far nnr experinieDia suatain the claitQ we have 
aciTaoced of haviu^ aticcestf fully applied thia tDnterial to steam 

Tbe boiler M*ie<l was an iritemnl flue and return 6re-tube boiler, 
the »Kell meAsurin^f 13 feet and 9 iucbed in leugth^ by 6 feot in 
diameter, with a gi*Ate-Burfnce of :i5 square foet; coutenta about 
1500 t^llooa of w;<ifr (♦> Uie level of 6 iuchen above the opper 
line of tubes. Tlierw were throe flues in ilie boiler, the centre 
oo« of lU inches ilinmetei'; aud the other two of 12 inches 
diameter. The biiiler waii nut set in the method which we recom- 
nseoded, but reste<l merely oo three walls of thedimenBiona of the 
furnace walL^, Ttiere were Hve rows of 2j*iucb fire-tabes, 
being seventy- five tnb»*« in all; the back connection being 16 
iacbe« by 3 fu 5 in., and the smoke-stack 30 iuchea iu diameter^ 
The bt^iler waa unclothed. 

The fire liars were i^emuved^ f*nd in their place a coil of |-inch 
wrought' iroD pipe wjyi inserted, the total leugth of pipe in the 
ooil being 23 feet; at the back» directly across the ftunuce, a 
wpought-iron tnb« or retorl, I* inche** in diJinieter^ and closed at 
Wib ends, waa jdaced, with a short tube of 2 inches diameter 
immediately in front of it. Into Una latter tube (which conimH' 
nieates with the retort) one eDd of the coil is inserted, and the 
oiber eutl, passing out of the furnace door, communicates with 
bhe reservoir of oil, being in this case the cask in which it was 
brougbt to market. The flow of oil ia regulated by a stop-cock, 
plac^ near the furnace d.xir* Some 8 inches under the coil of 
"pipe lie ten I -inch wrought-imn tubes, closeti at one end, the 
other end inserted into the retort-, these lubes lie parallel to each 
other, and are 2 ft, 3 in. in lenjtli, and into each of them is 
tapped nine cast-iron burners, with one-aixleenth inch ofiening, 
making in all ninety burners. An inch above the plane of the 
coil, a wrought-iron pipe proceeds direct from the short lube in 
front of the retort into which the coil is inserted, to the fnrnaee 
donr, and thence to the ste.*im space of a email auxiliary boiler; 
a branch, with proper valves, connects this pipe with the ateam 
ffpace ol ttie m»iu boiler — the flow of steam being also regulated 
br a stop-cock, placed in the vicinity fif the furnace door, near the 
oil cock. 

The water in the boiler being ef>ld (sixty degrees), at fifteen 
minutes past two p.m,, sou e billets of pine-woorl and shavings, 
weighing about twelve pound<^» being placed upon the coil, near 
tlie furnace door, were lighted, and the door partially closed; 
a(ter au interv.d of fifteea minutes tlic oil oock was giadnally 
opened, which permitted a flf>w of oil from the reservoir through 
tise coil; simukaneons with which, or a little later, the steam 
ooek was opened, which cunveyetl ateiuu of about twenty pounds 
iire«!nre from the auxiliary boiler, through the heated steam 
pipe, ab<>ve the coil, to the ret<j>rt or mixer, where, combining 
with the vapour of oil from the coil, it passes into the straight 
pi|>ee« under the coll, and is fired at the burners. The flame was 
vivid and intense, regulated in its force by the relative flow of 
oil &nd ateam, and was entirely under the control of the fireman, 
who, at his pleasure, could reduce the flame to the flicker of an 
expiring lamp, or extend it, by a single movement, to a volume 
filling the large flues and furnace with its flnme. No smoke or 
unpleasant smell was perceptible, and the combustion was com- 
plete and entirely manageable. Steam, at atmospheric pressure, 
waa raised in the boiler in twentv-nine minutes from the time of 
ftfliAission of oil into the coih "So measure was taken in this 
experiment of the amount of water evaporated; the apjiaratus not 
imn*^ considered as properly proportioned to exhibit the ec«»uo- 
mifal value of the fuel; and the experiment terminated in about 
ooe honr by closing the oil cock, and tlie tire was out. 

The analysis of this experiment may be shown as folio ws. 
Ad this exjieriment only exhibited the weight of oil whiih, eon- 
Bimied under the boiler, raiaed a given quantity of water from K 
temperature of 60'' to the boiling point/ it is requisite, for a com- 
parison with the known effects of anthracite coal, to show the 
pr«>pi»riionat€ amount of oil which would be necessary to convert 
this same bulk of water iutf^ steam of the atmospheric pressure, 
or the weight of water which a pound of this fuel will convert 
into steam « 

According to Tredgold, the quantity of fuel which will convert 
a«iibic foot of water, of a given temperature, into stenm, at the 



pre«ur« of the atmosnhere, is obtained by multiplying the quan- 
lily of fuel which will heat a cubic foot of water one decree, by 
the sum of the latent heat of ateam, and the difference net ween 
21^*^ and the given temperature of the water. In thii caae, 
:2 1 2'"- 60^=152. The latent heat of ateam, acc<*niing to Dr. 
Ure, is 967^, which, added to 152*"— 1119% which, multiplied by 
the quantity of fuel which will heat a cubic foot of water one 
degree, will give the weight of fuel reqnisite to convert a cubic 
foot of water from the temperature of 60^ into steam. Thl^ 
product multiplied by the number of cubic feet of water to be 
converted into ateam, will give the total amount of fuel required 
iu this case. 

Making the proper allowance for the pine wood in lighting the 
fires, the weight of oil consumed iu the experiment waa 60 
pounds; the contents of the boiler was 200 cubic feet, at a tem- 
perature of 60", which was heated by this weight of oil to the 
boiling point=212**; thus the weight of oil which heated 200 

cnbic feet one degree was ' ^0'39 pounds; and the weight of 

oil which was requisite to heat one cubic fool of water one degree 

*39 

was~^=*001d pounds. This multiplied by 1119^=2-126, j 

this by the 20O cubic feet of water in the boiler gives 425 IU, aa 
the weight of oil which would convert the contents of the boiler 
into steam at the atmospheric pressure — or 200 X 62'34 =29 33 lb., 

425 
as the w^eight of water at a temperature of 60"^, which will be 
converted into steam by one pound of oil. From laherwood^s 
valuable experiment on marine boilers, — we find this same typ« 
of boiler in use on board of the U, S. steamers — and from the 
mean of the experiments conducted on these boilers, w? fiud the 
quantity of water evaporated from a temperature of lOtr with 
steam at the pressure of the atmosphere by one ponud of anthra- 
cite coal, to be 8"5 punnds. To compare this with the evapora- 
tion made from a lower temperature of water by means of the 
oil, this weight must be reduced in the following ratio, eatab- 

Iiahed by Isherwood i gg^a ! i Rao ^ ■ 1 1 a =0'9C4, which muUiphed 

by 8'5 gives 816 as the weight of water at 60% converted into 
steam of atmospheric pressnre by one pound of anthrf»cite coah 

Comparing this result with that above shown for the product 
of the combustion of oil, we find the evaporating power of the 
two fuels to be in favour of the oil, in the ratio of 29*33 to 8*16| 
or 3*6, weight for weight; the ooal and the oil occupying about 
the same space for a given weight. That is to say, a cubic foot 
of coal as stowed aboartl ship, will weigh about the same, or a 
little leas, than a cubic foot of oil, the first weighing from 43 to 
52 pounds, and the latter about 54 pounds to the cubic foot 

Further experiments, with improved apparatus, will be neces- 
sary in order to determine the precise economic value of this fuel 
in comf arisen with coal; but the advantages of the oil as a fuel 
for marine engines may be briefly summed up as follows: — 

Rapidity with which steam may be raiaed ; reduced dimensions 
of boiler and furnace below that required for coal; the continuous 
filing eflected by feeding the fuel through a pipe into the furnace, 
thereby preventing the great loss of heat iu the furnace every 
time a fresh supply of coal is thrown on, and the rush of cold air 
upon the opening of the furnace doors; the freedom from smoke, 
cinder, ash, or refuse of any kind, which in coal reaches from 
seven to over sixteen per cent, of the whole amount; in the 
ability to command a forced fire almost instantly, without % 
forced draught, which, tinder some circumstances at sea, la of 
vitnl importance; in dispensing with the numerous class of coal- 
heavers, stokers, &a, and all the inconvenience of raising 
clinkers and ash from the furnace rooms; and, finally, the dimt- 
nished space occupied in the storage of the fuel 
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THE NOTTINGHAM SUBWAYS. 

Mr. M. O. Tarbotton, C.E,, Corporation Surveyor of Netting- 
Ivam, remarking apou the dtscuaaion on Mr. Bnrneirs paper ou 
the Gas Supply of Paris, endorses the remarks made by Mr. 
Godwin in reference to the question of laying gas-maina in sub 
ways; and goes on to stale — 

Id 
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** The subwftjs of Nottingham haTtDg been allude*! to, I will 
give 8ome ioformalion as to their cuDatniction, extent, nud use; 
And na the corportttiou of thia borough have for ^oQie time givea 
canaidenible aiteutioD to the aabject, their experieoce may have 
some little value. 

The first Bubwaja formed were in Victoria-street and Q'leen- 
street, and have an aggregate length of about 5.50 feet- Theao 
new Btreeta were made in the centre of the town, and being the 
firat of a series of extensive town improve men tit, the corf)orati*)n 
were desirous of introducing the best means of preventing the 
eonatant breaking up of the surfaces of the public streets for 
drainage, gas, water, and other services, Tlie subway ia 10 feet 
wide and 7 feet high, and was completed three years Jigo, and 
therein wer.* laid the 8«wera itnd bmucli drains, and the gns and 
water mains and services. The subway is well vetitilated, no 
escape of gas or water has to my knowledge taken place, though 
the interior has l>et*n constantly visited and worketl in by tiie 
men employed by the corporation and gas and water com pan its 
for bninch draiua and aervice-pi|>ea. 1 have never observed a 
safety-lamp used, or heard of its necessity; and I have seen gns- 
«©rvic© connections maile with an oj>en light, even with a gas- 
light obtiined direct from the main, immeiliately conti«5UoU8 to 
the branch in course of being attached. Hitherto the workmen 
alladeil to have had at all times free access to the subwuy. 

The second subw.vy was niade under Lister-gale, the greatest 
thoroughfare in Nottingham, aftrr the &ime liad been widened 
and improved at an enormous cost to meet tlte increasing traHic, 
This subway is somewhat similar to the first, but with improved 
details as to ventilation, ncceas, and interniil convenience; and 
therein the main sewer of that part of the town is huilt, with 
service connections, and also the telegraph wit^sare therein Gied. 
For some reason the gas and water compsmies have declined to 
use it^ and have, instead, delil»errttely ripjied up the street with 
four trenches for two lines (each) of gas and wuter mains. The 
corporation are highly annoyed, but notwithstandingj have 
decided tu construct a similar subway uader a third street im- 
provement, now in progress. 

The advantage of subways (if anfe for gas-pipes) is universally 
admitted, and their moat CAruest opponejita have failed to show 
any case against them for water, telegraph, and similar purposes 
{vide Minutes of the Select Committee, June lB61)j but in 
re8|>ect of gas-mains, there undoubtetlly is poszsible danger (aa in 
every place to which gas is conductecl), tudess sutHcient means of 
ventilation are provided, and the best modes employed in making 
and coulinuiii^ the joints of mains sind 8ervice-pi|>e«. 

I entirely l>elieve in the st^iteraent of Mr. Hawkesley, that iu a 
well-mauagerl company the escape from the main is very slight 
indeed {m\y from 2i per csnt. to 5 per cent.), *mt I venture to 
couteutl that in a well-reguhvted subway, escape from the nmin.-?, 
to become ditugerous, nemi not take pl.tce at all, fur the fol- 
lowing reasons: — Istly. That they are not subjected to the 
perpetu.d vibration caused by street traffic (iu a sou way there is 
110 vibration). 2odly, That Ihey are not Ciiustantly difsturbed 
by excavations around and under them for services and drainage 
operations. 3rdly, That they are under regular ins|iection, and 
the jointly can l>e re?aulke<l when necesajiry, or biiumenized or 
varnished from time to iin»e. 4Udy. That oxidation would be 
Ies8 rapid. Furthermoi'**, if an insidious eaeripe of gas happened, 
an ordinary ventilation would prevent serious consequences. 

The wrou^dit-iron services are the gi*eate9t promoters of 
leakage ; and during a daily experience of uudergnmnd woiks 
fur llie last eleven years, I have scarcely ever f<»uiid a perfect 
service-pijie which was nnt new, or nearly so. The lime of the 
pavement concrete and the damp of the soil destroy the pi|>e, ami 
the tra flic loosens th<^ joints. Now, this m ly be preventeil by ming 
lead servicps ; but in a subway the destructive influences men- 
tioned would not operate to anything like the same extent with 
wrought-iron, and renewal wr»uld be readily actximplished. 

tt haa been stated that under the preeont system escnped gaa 
is absorbed by the soil, and that soil forma the best cusliioji on 
which to lay the pipes. If this be the opinion of gas ounpanie-*, 
the subway plan olfers no impediment, as on the side of the sub- 
way intended for gas mains the s^ime may be irnVwdded to any 
required extent ; in fact, this i.s already the case in Covent 
Garden Hubway. Leakage by end osmose action has been ad- 
vanced, but if gas Cfuupanies prove all tlieir pipes, as they profess 
Ui do, the pretwure employerJ in ga.s-mains will altogether be 
tosenaible. It is true, if a large pipe be accidentally broken, the 
Bame damage might arise aa if the casualty occurred in a street 



or any other phi Ci* : but if lar M>Mb w».^rt? m |r in" 

the Bubway» corresponding v would (and i t 

easily) be titkeu to meet the c- ii;.»-vii».'y uf accident , -u.^i il m 
only reasonable to expect that in a lar£(e system of subways tho 
control and managemeut thereof would be iu the bauds of & 
single aud res|.)onsible authority* 

It is the iuteie^t and duty of corporations and other bodies 
having the charge of the highways and streets of large towns, 
to prevent as much as possible their constant ravi^hn^eut ; and if 
the subways now proposed will etfect this object without detiH* 
ment to the companies, thi*y ought to be compelled by the 
Legislature to adopt them ; aud I tliiuk it rather exhibits a waut 
of fairness and public spirit for the gas and water companies 
combinedly to oppose them (the latter company without a ahadow 
of pretence) without giving those trials which the MetropoUtaa 
Board aud the Nottingham Corporation have so generously aud 
earnestly offered. It should be understoml that the so-called 
subways in Paris are simply sewers abuve the water-level^ in 
which the gas and wat«r mains are fixed, and not aabwaja 
proper, as those iu England.** 



IRON ENOrNE PITS FOR RAILWAYS. 

(With an Enffraring.) 

This application of iron mnnufacture is certainly a step in the 
right direction. It is needletis io remark tipou the numerous iiu- 
provementa in the manufacture of iron, and the stilt more 
numerous uses to which it has bec<iiiie applicable since the Con- 
way and BrifanuirL Tubes were de^si^ued by l{oL>ert Slepheason — 
the profesision know well aUo that tiiere is iitill a rapid yet steady 
increase in the use,^ of thin m'ftal. Even where timl^r, 
atone aud brick were considered indispenaable, from their peculiar 
natures, for purposes to which tliey were applied, iron has by 
improved proceti-ses been so wruuglit aud shaped as to enabie 
it to 8U(>e)^ede them. We live iu an age of iron, aud welcome 
any new applicatiou of that valuable material, when we find 
efficiency and economy are the renultH. 

For the invention under notice the public are indebted to Mr. 
Henry James Rouse, Civil Engineer, of Abiugdoo-street, Wea^ 
minster, formerly Eujjfineer of the Egyptian lltdlwaya, Mr. 
Ronse^s patent promiaea a aafe and dura hie engine pit, self- 
sustaining aa a girder spanning the entire length, yet light in 
weight, sufficiently pt>rt4ible» and easily conatrucled. When tixed» 
it is amply rigid to aUiitaiu the weight of the heaviest rolling 
stock running over it at higli speeds ; and while its use obviates 
the dilHcultie-i that sometimes unavoidably occur in such sitna* 
tions when formed of masonry, due to bad foundations or bud* 
setting mort^ir — ^it'S price does uui exceeil that of a masonry pit. 
We cannot do better than give Mr. Rouse's own description, aa 
contained in his apeciticatinu, remarking perhaps beforehand 
that the check rail described in the speci lication may invariably 
be di3^>eused with iu practice as unnecessary. 

This inveutiou consists in the construction and employment of 
** engine pita** or ** pits" of metal, by preference wrought-iron, 
the form pnjposed being that of a rectangular or square-sided box 
or pan let into the ground, aud carrying the raila upon ita upper 
rim; and m certain cases there may be, iu addition to the ordi* 
nary main rails, clieck or guard ruik, extending the whole length 
of tlte pita, and placed on the inner side of the main rails^ and 
curved or elbowed at the ends, iu a uimilar way to the check raila 
in *' cros«iings " at stations. The check rails are for the purpoae 
of preventing engine or other wheels from leaving the line at or 
ou the pits. 

The following m the mode in which the metal engine pita or 
metal pits are oouatruoted: — They are, by preference, made of 
wrmight -iron, ri vetted together with angle irons aud tee irona^ 
having flanges on their top rims, for the purposes of carrying the 
rails aud stiffening the eilges of the pits. These flanges are to b0 
either ttf pltiu boiler plate or bar iron, c<innecied to the sides 
and ends of the pit» by angle in>n or tee iron, or tht»y are to be 
of cheque! ed or siamjied plate, the chequered or nneveu surfkoe 
being uiideruioNt, no «trt to secure a frond hold in the ground; or 
the flanges are of nti entire rolled section, lo be attached at cmoa 
to the »ides and eiu]s uf tlie ptLij, The i.Hitlom platen of the pits 
are of rough tinted^ chf-qnei^ed, or other stamped or iulle<l (datf, 
for the purpose of giving foothold for the workmen who may be 
engaged iu attending to the engiuea or other rolling alack t*ver 



I 
I 

4 



4 



j THE f 
I PUBLIC 






p4 



i 





% 


^ 






\ 


:.% 


CO 


\ 




>^ 






^ 




^ 






yA 






M 






<J 


* 




P4 






w 




P^ 




v^- . • ^ * 1 iJ 


o 


yj, 
(IS 




IJM 


3 

o 




ua 


Of 




H 


' 




i-t 






P^ 


3£ 




H 






n 






H' 






ei 






;z;' 






rt 










^ 



V 



tl, I9«fl 



[L E^Ui^\i.hii 



Uie piU. The Irausvei-se Mid longiUidlnal rUfcs of tee irou or 
aui^ttf Lnm furiniitg the Ir^miug or stifiViiiug of the |jit« are |>1acpil 
^H the outer side of the jdts, leaving a clear iijiirilerrujjted sur- 
ISioe iusidCf aud formin;j a good hold in the ground surrounding 
Ui^ui outfiide. Gus.*MJt8 and aliffeiiing pieces are used iilso where 
il|i»» found ueceeHWiry, for t!»e |iurpose of ensuring tlie rigidity of 
the whole ayateni. The form of the luebd pita may vary accord- 
it^ to the B|mce thiit may be alhitted lo theni, or otiier circum- 
tt»noea; and ouo or both euds mty be made sloping, in the fitrru 
«f iucliued phmea, with transverse pieces of ant^le, tee, or otlier 
iroo^ to give foothold to the workmen in deaceudiiig or ascend- 
ing; or $top« are provided either of wrought or cjwt iron, bolted 
or otherwi:!e, fastened to the aloping eud or eud;^; or the meaoa 
of aooe^w U» the pits may be by portiible iron or other ladders or 
g-trigways, in which case the ends of the pits may be verticaL 
The metal pits may be provided with a box or lucker for tools 
and & phice ti» keep a lamp, such box or locker being ati.icbeG to 
the iu*ii<l** of ilie pita in some convenient phtce. An leguds 
dlmeusioDs, the metal pita are made for railways of any g:i«ge, 
and their length may vary from a length only sufficit^rit for a 
poriiou of r»r for a single engine, tender, carriage, or waggon, to 
m length cajwhle of taking any number of the name CiUnbined. 

Th« various kiud^ of iron ust?d in mafiufariiirlo^ tlie wrought- 
i*t>u pita are either of the UjjuhI kiud of rulled nr stamped form, 
or i)f specially rolled or stamped iron, to suit the f*»rin uf the pits 
in w liear their entire section as possible. The main niiU and 
cbeek raiU, whether of iron or aleel, or any combination of meUiU 
bearing upon the u(*per rim of the pits, are either the usual 
double-headed rails, flanged rails, bridge rads, or any other 
known seciinn of raild, or some fl|»ecially rolled section of rail 
wliirh may form part of the rim of the piU; the main aud check 
fftils maybe rolled together in one section or aeparaiHly. Th« 
bwwings or seatiugs of the rails are either to be on or with cjist- 
irt>uchairH, or on or with wroiight-irou ch^iira, brackwis, lugs, 
or steps bolted, ri vetted, or otherwise seemed to the flanges (.f 
the pits, or continuous b<;arings, boiled, ri vetted, or otherwise 
fksteaed^ as the case may require, and for the purpotie erf umtlng 
the main rails on the pita with the adjoining main rails of the 
lioa, either the ordinary fiHliintr plates are to be used, or in the 
event uf the sections of rails on tlie pits being dill'ereiit to ihiis«e 
of tli« line, fishing plates or seatiugs so formed as to unite any 
two diHsimilar sections may be useil. 

The above description refers ^principally to wroughtdron r>ita, 

bat Ibis invention i Deludes pits tormed wholly or partly of steel; 

it also includes pits made of buckled plates or other atjimfeJ 

|ilatea wholly or partly; also pits of corrugated iron whully or 

IHirtly^ The mode of forming these pits is somewhat similar to 

that described for the wrought iron pits, varying in detail uecord- 

iutf to I he nature of the plates used, and the m*ide of framing 

uece«aary. Sometimes these pits are formed whully or partly of 

ctst-irtib; the cast-iron pits are cast in sections or entire ; where 

lliey are cast in sections the joints are made with flanges or htps, 

bolted loi;ether with bJts and nuts, and caulked with iinu 

oemeiit, or other suitable cement or caulking, or otherwise fas- 

teued. The castdrtm pits may have the chairs for the rails &ist 

»rith the piis or separately; and they may have cast-iron rails in 

liea of rolled rails cas^t with the pits in cases w here cfist-iron rttls 

will he sufficienlly stroug and durable, other wisk the rails are of 

(he kinds already described. The description of the sloping ends, 

ii>^t.>i, or ladders for the wrought-irou pits apply also to the cast- 

ata. 

< ' following detaib are common to every description of metal 

ptitr aupUcable to railways, namely: — ^There is a slight inclination 

Or r^ll of the bottom inai<le Upwards one or more points for the 

|>iirpnse of drainage. In all the t.tp rims or flanges of the pits, 

tiidcm are provi»led for the purpose of ramming or punuing the 

l^lUL^t, earth, or whatever the ground may be, ao as to form a 

^4ilid bearing or bed for the pits. There are also holes, handles, 

^ve-*, or I igs, provided for the purpose of lifting or loweiing the 

^iu ill l»laceor removing thero by means of tackle, aid the rails 

^ud check rails being attache^! to the pits will be miaed or loweied 

'%f iih them as part of them. To render an nlteralion in the length 

%gf ^ P » ^M • li'-v operation, the pit already in place to be lengthened 

^ii- »h< ed not be entirely taken away to be replaced by 

^ooth lent length, but the end portions may be so con- 

«trocted> if necessary, that they cau l»e taken away, leaving the 

tiitddle portion in the ground, to which cjtn be attached new end 

T>iec^. The meUl pita of every description when made for 

\€yiU»lh 44fid when of too gi^at length to be shipped eullrei 



may be prepared ru detached plate?*, bars, tee, or angle irons, or 
in pieces or sections for the convenience of shipment, to he 
united when ardvinsj at the plriee for which they are intended. 
The metal pits may be oated by eilher of tlie processes called 
galvanizinjr, glazing, or enamtflliug, ot* by any other process for 
the prevention of oxidation, the coating being applied to the 
material befom being put together, or to the pits when complete. 
Thfl check rails, as well as main rails, are or mny be attached to 
all metal engine pits where traius or engines pasA over them at 
high speeds, as, for exiiinple, on main linea of railways; but for 
those pita that are used tor siilings, station yards, engine and 
tender shops, or carriage and wjtgtjon sliops or sheds, where the 
Bjxied f^'er the pits would be slow, or where engines are never 
taken, check rails would or need not be used; and in such cases 
the flanges of the pita carrying the main rails would be narrower 
than those where check rails are used, and there would be no 
holes for punning or i-animing the ballast or ground, the narrow- 
ness of the fl.\nge obviating the ueceastty for the holes, and tha 
punning or ranrming would be <ioue frrm the out*?ide edge. The 
metal pits may bfi plac^ni on a curved line of rails or railway, 
tlie nmin and cheek nils may l»e cnrved on the pits to suit the 
curve of the line, either by the martjinal flange of the pi is being 
niiiile Bufficiently broad to include the curvature of it« length of 
rails, or in a very sharp curve by the pits being cnrveil or poly- 
gomd, so as to present a unifi'm* support under the curved mila, 
and the tilting of the outer rail may be etfecled eirher by packing 
iJT by s|H?cial chnirs, or rails for the purpose. In all the situations 
where the ordinary ensritie pita mny now be place*!, and also in 
sltUAtions where they c^mnot be u,«»ed wiihout additional cost and 
dangler, namely, in embankment or made ground, and where 
the lieaviest express trains may run over them at high spee^la, 
the mebd engine pits are HpplicaVjle from their seirsiiftijorting 
furm and materials, and they will Vh? ptrfectly fire- proof. Theee 
can be ahified from one place to another when required, ?^iid their 
construction allows of the g^reatest working space within them;, 
the sp.\ce between the Men can V>e as wide as the gauge of tJiA I 
line, by having the rails of a section projecting only outwards < 
froni tl)e pit. 

Our enc^ravjiic Khows (Fig. I) an isomefrical view of an engine 
pit formed of boiler filate, being the kind of pit to which pre- 
ference is piven by tha inventor. Fisr*. 2 and 3 show cross sec- 
tions, the former where a bridge rail is used, and the latter 1 
where a double T »'«d and chair is employed. 



PATITS UNIVERSAL EXHTBTTION. imi. 
Memorandnm on the orranqcmentH fnr the Machinerjf Gulferjf a^| 
Me Pari^ E.rhibition. 
Br Caitain Festing, E.E. 

X._Bv the General Regulations for the Univer«ml Exhihtlion, ' 
approved by Iniperird Ppcree of the 12rh July, 1865, inRtrnmenls 
and ppnce««<*s of the common arts are placed in (iroup V\ , which 
is divided into 20 cln<^«e«. A ir^iTleiy 1 \ft feet wide, and 82 feet 
hi«>h, is to be provided in Mie building for this group. In breadth 
this grdleryis to be subdivided into a central block 75^ feet wide, 
and two sidi* p.issages each 16| feet wide, leavinjr a space of little 
over three feet at each side for connJers and glass cases, placed 
against tho partition walla. In the middle of this central block, 
and running thronrfhout the mnchin? gallerv, there is t^ l>e a 
idatform 13 feet wide, 'supported on colnmns about Mh feet high. 
From thi^ platform vis>toi-s will be able to Hee at n glance the 
machines eitbibited. The columns of the phitfnrm will ult^'^ carry 
two prirallel main shafts for tninamittinff motion to tiie variona 
niac>iines, and under the plalfoiTn will be workshops for skilled 
mechanics, whose work is to be exhibited as exsTiiples of the 
processes of the common arts. In the wonla of the supfdementary 
instructiona issued by the fmperial Commission relative to the 
arrangement of this group — 

•*It is not enough, in fact, to show to the visitors of an Exhibition 
the mechanical powers charaeteriBed by power and tp«od. In juict»> 
position with it must be plfimnl the work of man, nhawitig perfection of 
tas*©, manual dexterity, ami intelhgerjt prectsinn. In adopting: this 
scheme the Imperial Commi*wion helieve that tliey will rcnierly an 
undesirable omis«ioD, and st ths nam" time atld a perfectly nnw nttmo- 
tion to the Exhibition of 18^7. By this means tho Commission hnpe to 
suggest com pari Mons both useful and productive, to bring to light the 
share of the workmen in the prodtictions of intluatry, and at the 
moment wben machinery seems on the eve of absorbing every nianufac- 



tliro, to uliaw that for certAin worku the band ot niAn can "i«fy aII 
m<30kMii(W competition. A ipeci&l i'lios of Gmup X* ^Olitoa ^5) tH>iri- 
Tkrifea the mo«t j^ttniutive ;mmJ in^'eTJ»««ii8 pnweM*** carried on by haoU- 
tatour. .inii pArtit'ulnrly th«me suiuvtilti Vt nkiUed workdiefi. But some 
of the r nMn*e of i;rot.ip VI. mc iiUn op<?ii n^t only t« tlie ifcpjVfcr;Uuii 
gQumerat'^i in the system of clji*«»ifi.jatioi» ftj»j»eiiileJ to th« GenarAl 
fteifulAtiana (Appendix A.), but alio tu the workmen iicht«iviijg. either 
wiib or without pimpb toots, result* whiuh tha*^ j*p^>»r*tu« pnnluco 
m«»:li**uadly. Tli« t'oUiwizj^ umy bo quitted an cxampleif: in Cloaaea 
r»£» Ml ^ ' '* ■ ' Minkiijjjf, MpiTiiiirvg, eiubmidtina;^, kaitttng; 

aud in ' ij:« bonk binding, Hlo. 

*'Tl I !.il Ubour will not excite ar> much int«reRt 

i%nUsa It be piiiced in juxtn position with th«s mj%cbinery with which it 
Qontenda wtth iiM>re or le ■ snoceiw, According tf l\\v purticuUr induitry. 
ThtJ workmen who ar<3 to use mjitmul Uhour will find undwr the oeotml 
p'fttfot m rueutioijed abovt*, » worksht))), Hepiuuttf from the coUectiim of 
machinca, but suificiently near to them t+j render coin|i*M*i8onfl eaiy. 
The portions of this covered ground «pace thus convert*'! into work- 
iiiops w ill be iUnked on each aide by a patsage 6 feet wide, which will 
allow viBitora to approach and ob«orv0 iu dbliul t>he perfortQ»nok» at the 
workmen, 

**Id order to give grcAter prominence to the ooUeotion of objeeU 
QOmpriae^l in a Claa«| it is desirable that the public oircubaing in th« 
Uloral paesages of 5 metres^ which extend along tho whole leuj^ of the 
fftUery* fthoul^l be able to se« tb« central btivik dinplayed as a whole, 
without being obliged to make their way into it. To etf&ct thia object, 
thtf Committcea should as much as posidble phice the wiachities upon 
itngcfl rising from the border of these passages up to the central plat- 
form. If nece^aary, steps with proper foundations riaing one above tb« 
other would produce this amphitheiitrical eflfect. 

♦'On the other side of the 1^4 f^ct piws.ige laid out on each side of 
the central block, tables and gUas c^al'S w ill be placed ag^^Inst the wall 
for the reception of a multitude of object*, machines or apparatus of 
tniaU si«e, which would be [oat aniidnt the Urge engines plnoed In the 
•«ciir»l block. LfLfttly, the partition walls of the great gallery which 
bus just bt?*?ii de«eril>ei will be Available for the exhtbitioii of drawings, 
in^phies, and objectii which are of no great thickueeii This additional 
Sp&ce* which it will be exptHlient to turn to account, will give a desirable 
dicpth lo the space where the objects are exiiilnteil. Each Cnmmitte© 
should niMke every effort to obtain for eJEhibitiou those itile known atid 
attractive prooeffses, each suooesirive stage of which c&n be followed, 
showing how the raw tnaierinl is triinsformed into the finished product. 
Uniler this head may be mentioned the maoufAClLire of par*«"»** completed 
by tlie process of printing; spinning, weaving, &c. It will »i»t> b© 
ilMarabie, where in auy Cli»ss tho manual labour am b« brought into 
proxiinity with tiie mechaniciil, to find a place (or the workmen uniler 
the ceniral plat form, provided the general arrangemonte do uot suggest 
a more suitable spot,' 

IL— The coat of all fotjndatinna, &c., nud nil erecttoua and 
BtttngH liwjeasary for the p^x^per display of the objects in this 
groupp is tr» he Horoe by tfie exbibiu»rB, The motive power for 
the machines exhibited will of course lie pmcuied [iriucipally by 
atearo, but other meaus will uut be exeludeil. lusteiiil of the 
supply of the motive power being cirried out, as hitherto, by the 
achriinislratioD, it has been decided to employ tlie Bysteui of 
pnrate enterpriae, nnd to dirttribiite the geiierntora of force at 
taHoub poitits round the Eahibitioti BuiUiing, tuste<'ul of conceD- 
Irating tbein in one spot. 

Ill— The whole oLtehinery gallery is to be divided into a 
n umber of sect ion s^ ench of which will hav« iU owti syatem for 
8np|dy of mtuive force, 

IV.^ — The Iiuperiril CVnnnsTssfon will enter into agreements 
with contractors for the supply of motive power for the varioua 
•ectioua. 

' y, — The British Eiecntive haa arranged to contract for the 
supply of motive power to the British portion, which considts of 
two and a half of these sections, 

VI. — All prime raovem are to be inside the building ; accamii* 
lators for the supply of water under preesure to hydraulic englnefl 
thould also be inside, as well as reservoirs for gas, com pressed 
air; Ac, for working any part of the machinery, if they are 
free from danger and inoouveuience. The boilers or other jrenera- 
tor9 nf force which require fire are to be otitside the bnilding, at 
the distance of 9S4 feet from iu exterior, or about 197 feet from 
the centre of the machine gallery, 

VIl,^ — Each section of the building will have its aet of builera. 
From thence the steam in to be conveyed by pipes to the prime 
movers in the galleries* The prime movers will not be collected 
in one group, but will be distributed wherever there may be need 
of motive power, from one horse, or half one horse t»ower, as 
supplied by gas engines, to that required fur the largest 
roiichiaes. It is requested that those exhibitors who may wish 



to assigu their prime movers to the use of the ExUtbitioa will 
notify their wishes as soon as possible, Thej will have to fix 
them on solid fonndatious and fit them up for work. 

VUl. — The only conditions made by the Imperial Commissi 
witli regni'd to tlie generators of moti%'Q force, is that those for^ 
each section should l>e in a cerUin position, on oue or b»>th side* 
of, but close to, a road in the P^^rk whicli leads to the entrance 
di*or of the section. Fur encfi aectiiin there may be any number 
of boilers of tlie same or different kinds. 

IX. — The boilera, shafting, ai.d prime movers will all be c^ni- 
aiiiered ivi objects exhibite<i, and must be accea^iilde to the publie. 
It will, therefore, l^edesinibie to have as greiit variety as possible, 
in onler to show the various ways of turning to acoount the furce 
derived from the combusiiou of the fuel employed. 

X. — All maohinea which work with tbeir own botlera, aod 
which the exhibitors may wii^h to show in motion, most ba* 
pUoed in the Park. The Imperial Commission will make speolml 
arrangements about such machines, 

XI. — Procetfiiea which require the use of fire, sueh as the 
working of njeuda, glass making &c., must be shown in the Park, 
and the wnrkn will be arranged round the boiler houses of earh 
section. The exhibitors will have to cijustruct all the neceassj-/ 
buildings for tht^se woiks, and to plant, tnrf, and keep in good 
ordur the appro^iches to their eataldishnient, 

XI L' — It is suggested by the Imperial Coramisaion that lhtp«t 
who wi.sh to exhibit agricultural machines at work which cm no* 
wiib safety or coovenience be placed within the building, should 
club togetiier to erect in the Park, at tbeir common cout, sdiu< 
inexpensive structure for their machines* 

XIII. — Those who may wish to exibibit nittchines f tr raisin' 
water, &c., may iu the same way unite t*:> make a pond in thd 
Park. This p«*nd can be supplied from a well in the Freiid 
Ijortion of the Park. 



The Metrapfjlitan Tramway Compnntf and Patent Cf^J-een 

7?di74r.— Notwithstanding the wjint of success of Mr O. F.T»ain'«^ 
project for tmmways in the Metropolis, a number of geutl**meii, 
have coiubined together for the purfwae of re^ieating a ^iniil 
experiment, and have prej>ared a bill, which will lie brffnsbi 
before Parliament upon an early day. Recently Messrs. Jm» 
Nt>ble and Co.^ engioeei-s, of Rridge-atreet, Westminaier, ex hi 
bited at the VVe.^tmin-^tHr Piilice II**iel, a mofiel of the propnseii 
tnimway, and described the ud vantages of the patent cie!*cen 
rail» The rail is hud below the level, and is such a mei>? ^pUl *v 
chink in the roadway, that the promoters assert that ** the ii*f»' 
tender vehicle Ciiuoot experience any shock " Four roiiti^ ai 
proposed, viz^ 1. From the Archway Tavern, Hollo wuy, to tbifj 
south tilde of Piijsbury-square; 2. From the Sevefi SisteiV-mad^ 
through the Uamdyo-rond to Tottenlinm-c«>urt-r«>ad; 3, Fro( 
Lower E*lmonton to the southern end of KingbUnd green; au' 
the 4th from Stratford -grove to High-street, 

Sewerage of Perth. — The magistrates of Perth have res^dved I 
adopt a scheme for a general system <tf tlrHinage ft>r tlie burgh, 
keeping in view the practicability of utilising the sew.tge, aoii 
avoiding the pollution of the river Tay. They ha%*e engaginl 
Messrs. Stevenson, of Edinburgh, to lepoVt *in the subject. 

Sanitari/ afui City Improvement of Edinburgh, — A veij crpin*! 
prehensive scheme for opening up the truly cb'se distnctj^ on th 
danka of the ridge down which the High-stret't and the Canon 
giite extend from the Caalle to Holyrood Palace, has been pi^e^j 
pared by Mr. Ro<lerick A, F. Coyne, C.E., and submitt©<l to ths 
city authoritiea. Mr. Coyne's plan includes three gre^it lines tif 
street, the longest and intermediate one extending from the Grnfls 
market down the (widened) Oowgate, whence it ne «ra more and 
more to the ridge of High -street as it croi>aes South Bridge-nireer, 
Niddry-street, and St. Mary'a-wynd, running t»o into the Canon- 
gate at the head of St. John's^treet, where other two newatreetfl 
are proposed to be joined with it, one atforfling an opening to 
Queen's-jwirk, and the other running back nloug tlic other or 
northern flank of the High-street ridge to Cockburn-atreet, 
ward of the Ki>rth Bridge- street, which it crosses > ■ *^ "^ 
it also does the other block of Mr. Chamber»i* tv 
The third line of street runs from Grey Friars Chui _., 
ward, pasBini^ the College to the Pleaannce, The estiui 
of the two first, and most irapnrtaul^ of tlose plrtuti. i 
Queeu*d (>ark approach, b ^168,031. 



I 



I 



ART IN BELATION TO AECHTTECTirEE. 
Bt Johk P, Seddok, F,EJ.B.A- 

• Tn object of tbis paper ia to direct atteDtion to what 10 tho 
otttire and object of Art. 

Art may be defined as the skilled labor of man, the object of 
which is to auperadd to wh&t ia pmotical or utilitarian, the 
pleaatirable and the iDstructiy©* 

In the earl J dayi of civilization Art was tho Bim pleat, readieatr 
ftod most efFective moana of conTeyinf^ instruction. At the 
present time thia particnlar office baa oeen almoat superseded 
Dy the iavention of printing. We know, however, how welcome 
an aid the pictorial is in the tuition of children, emd we have 
none of ua so far outgrown this propenaity, childiFh, if you will 
(and it is to be hoped wo never may) as to be willing, if able, to 
diapenae with ita attractions. Inatruction is still the highest 
and nobleat office of art, and we all owe much, and we hardly 
know how much, to ita influence. Of all the arta, that which has 
been moat serviceable in one of ita most valuable oiSces. that of 
handiuir down hi9t4:irical records, architecture haa been the moat 
»o, and little ah on Id we know of many eras in the history of the 
world but for the fragmenta of the buildings which modern 
research haa exhumed. Christianity also from ita earliest days 
made use of art. as an able oa^iiBtant and disseminator of its 
doctrines. Its Cathedrala were but vaat storied books in atone ; 
and their citrved portals and painted walls and windows preached 
to the people aermona, the necessity of which, in those days, 
when such were the only books they had access to, we can now 
hardly appreciate, and it is this auperaddition of instmctiou to 
the practical purpose, of providing a mere covering for the wor- 
shipping multitudes, which forms in those structures the one 
grand distinguishing characteristic between architecture and 
more building. 

I am, however, disposed 10 claim no greatly diminished im- 
portance for the other characteristic of art which I have named. 
that of providing the pleasurable element to the handy work of 
man, and I believe its importance to be now-a-days greatly orer- 
looked. Thia is eminently a scientitio age, and science has 
m&de« and is makings such vast strides, that the comparative 
progress of art is little noticed or cared for — and yet science 
merely provides the meana of life, or caring ita ills^ while it la 
art which embellishes it. 

Art and Science are the tranMlaiortf as it were, of the beauty 
and the constructioa of God'a book of nature. In nature, which 
of these is the more freely offered to our admiration P We aro 
not taken behind the scenes to see the subtle method of her 
construction, but beauty is showered upon the surface of all her 
works. We need have no close acquaintance with the hidden 
machinery of bones, of muscles, and ligaments, to perceive the 
grace of outline, the glory of colour, or the power of expression 
which lie on the surface. Inasmuch then as health is prior to 
disease, and tlierefore to surgery, which would euro it — ^so is 
Art the elder sist«r of Science. 

It cannot be denied, however, that at the present day there is 
a wide-spread feeling that art is a luxury, or at any rate anything 
but a necesFity. The world is so absorbed in making money, 
that it seems to have no time I0 stop to consider, what alone can 
make the poaseasion of money deairablo. My present object 
IS to shew that this should not be so— that it never haa been so, 
until the last three centuries : to prove that those centuries 
have been none the better or happier for its absence, and that a 
Bfidendid future lies before us, if we would only accept the doc- 
trine that art should go hand in hand with science, the one assist- 
ifi£, the other adorning, their mutual progress. 

I must^ Brstly, then, shew what art haa been at diiTerent 
periods in the history of the world. 

Its power over the minds of men was early recognized by 
tiioee who have ruled the religious aspirations of the various 
Siaticns, and |in theur hands there haa been no more effective 
erogine of priestcraft. It was thus wielded by the Assyrians and 
JC^ptiaos, and to realize the manner in which it could bind, as 
in tetters of iron, the spirit of multitudes, I would ask the reader 
to oeoompany me in thought to the ancient city of Thebes, on 
the banks of the Kile, and to approach the far-famed Temple of 
Cimao, through its wondrous avenue of sphiniea, more than a 
mil*? ill L^ii-^fli frnrii ifio rivcr's brink, each of vast size, of hewn 
aoil jfpearing sternly, but calmly, to be gazing 

mU J . .on these wo pass up to the stupendous 



Pronaos or Portal of the Temple Courts, flanked on either side 
by its obelisks, emblems of light, wrought all over, as indeed 
was almost every atone, appearing by very multitude of design 
to realize infinity, with significant hieroglyphics. Enter beneath ^J 
its frowning brows into the spacious outer court with colonnades ^M 
all round it, and through successive pronavi and courts, until the ^H 
Temple itself is reached, and we are lost amid the vistas of 
colossal columns, with spreading lotus capitals, dimly tlirongh 
-which may be seen the shrine of the sacred ox or embalmed 
Ibia, which the deluded crowds have come to worship. And 
now in imagination atrip the caged beast, or potted mummy, 
from all this external paraphernalia of architecture and art, and 
what remains in the bellowing or shrivelled carcase of the god, 
that myriads of human souls should bow down themselves to it 
in abject reverence. 

Let ua pass from this rude, yet indisputably effective style of 
art, calculated to im precis, to bewilder, and to crush into sub- 
jection the ignorant masses, to the other side of the shores of 
the Afediterrancan, to the Acropolis and city of Athena, and acan 
there the art which addressed itself to the polished and sceptical 
Greeks — votaries of "the unknown god,*' in search ever for 
something new, and gaze upon their Parthenon, the shrine built 
to contain the precious chrys-elephantine statue of Minerva, 
begirt with fluted columns, forming a grateful (*hady promenade 
for those who thronged to do honour to that favourite goddess* 
There ia no mystery, no redundance here, no aid sought hr 
meana of mere magnitude or multiplicity of parts, but inateaa, 
by the utmost delicacy and refinement, such as our uneducated 
eyes could hardly appreciate, optical irregularities are corrected 
with scrupulous ana scientific care, even ita pavement was said 
for this purpose to have been laid with an exquisitively delicate 
curvature j the snowy marble to have been tinted in order to 
soften its glare; the aid of sculpture — and such sculpture aa 
the worid neve saw before nor iince— was invoked to heighten 
and complete the effect of the architecture, and to speak intel- 
ligibly to inteUigent men. Take away this casket, with all its 
lovely setting, trom the ^oddcsa* statue, which was the gem it 
waa framed to guard, ana the crowd of her worshippers would 
without doubt hare been most woefully thinned. 

Kow let us follow the stream of tim^, and proceed to the 
confines of imperial Eome, and see the wondrous array of arches 
which traversed the wide Campagna, to bring the tributary 
waters from the provinces withm the walls : to this day tho 
stupendous wrecks of these remain to attest to the magnificence 
and wealth of the city. Let us enter the va^t circumference of 
the guilty arena of the Coliseum, with it^ arcoded tiers of 
building, in wbich the fashion of Kome congregated to gloat over 
the death throes of the victims of the State, and we can read thore, 
in many clumsy expedients to marry the architecture they had 
stolen from more inventive nations to the science and scale their 
wealth could command, that their endeavour to keep art 
harnessed as a captive to their triinnphant car was a futile one. 
Still what is there that Rome has left to tell future generations 
of the away she once held over the world but the rmns of those 
her architectural works. 

And if n-e would know something more of tlie inner life of 
those days, we may turn to where the ashes and lava from 
Tesuvius buried for ua, and tho antiquarian reaesrch of the 
present ago has since ejcposed, the provincial towns of Hercula- 
neum and Pompeii, and there is preserved for ua through all 
those agea even the ordinary decorations and paintinga upon the 
walls of their dwelling-houses, and numerous minutiaj, which 
historians would have thought it beneath ihem to have chroni- 
cled in their pages, but which are nevcrtheleaa of the greatest 
interest to us, consecrated as they seem to be by their antiquity. 
Art, however, in the hands of the Eomans, sunk at length to 
such a depth of degradation, that it was no loss to the world 
when it was all swept away, in company with the empire of 
Kome itself, by the successive floods of invading barbarians, 
since it slowly bat gradually revived again with renewed en ergv 
and under better auspices aa Christi^ntty completed its triumph 
over Paganism. 

The period of this revival is one fraught with intense interest 
in an historical point of view, and from its associations, and yet 
comparatively fittle is known respecting it. Modern com- 
placency has given to it the term of '* The dark ages/* mainly, 
one would think, because we ourselves are unable 10 sec clearly 
into them ; I have grave doubts, however, as to whether our 
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own time Lai good caaBo to look down upon them, at anv rate, 
wben questions of art are under discnssion. 

Here again the remains of the architecttire and its aasociated 
arts of the period appear likely to afford valuable aaeiatance 
towards filliog up the hiatus in our knowledge of its history, 
and the character and de^ee of its civihzation. For although 
hitherto but a few remnants had corae into our posaeasion of 
those of a character which led us to believe that art, if not dead, 
was but in a stagnant and undcTeloped condition, this has been 
altered within a very recent period in a most remarkable manner. 
It would appear to many almost as if the age of miracles was 
not extinct, to be told that but the other day, not a few isolatfld 
monuments of this very era had come to light, but that a dis- 
covery had been made, in a region but little removed from the 
beaten track of tourists, of a whole country studded with deserted 
towns, entirely composed of buildings erected from the 4th to 
the 7th oentunedi of stately and sumptuous character, evidencing 
a higher and more reQned state of society than we had dreamed 
eould have existed then. 

In Syria, in the district known as The Hauran, near Damas- 
cus, and in the country around Aleppo, which has been recently 
explored bv the Corate do Vogii^, who haa just publiahed the 
results of his travels, there are now existing in an area of about 
30 or 40 leagues, more than 150 towns, uoinhabited, save occa- 
Bionally by aiew wandering Arabs, and which are in a wonderful 
state of preservation, due to the character of the climate, through 
the empty streets of which the traveller may pass and examine 
at his leisure monuments of the era under notice, and enter 
Boble courts, spaciouB and stately houses, the very staircases of 
which remain, clccant baths, colonnades, and fine churchea, in 
the detailfl of which may be found the missing links between 
Classic and Media?val art, very different from what had been 
imagined from that we had previously been acquainted with as 
theworkof the contemporary early Christians, who in Home had 
passed a hidden and struggling existence in the gloom of the 
catacombs beneath that city* 

Mr. Cyril Graham, who rapidly explored this country in 1857, 
speaking of the enormous city or '* Um-el*Gerael," to the South 
of Bozrah, and probably the ** Beth-gamul ** of scripture, says, 
" I wandered quite alone in the old streets of the town, entering 
one by one the old houses, went up stairs, looked into the rooms, 
and, m short, made a careful survey of the whole place ; but so 
perfect was every street, every house, every room, that I could 
nave almost fanried, as I was wandering alone in this city of the 
dead— seeing all perfect, and yet not hearing a sound— that I 
had come upon one of those enchanted places described in the 
Arabian If igbts, where the population of a whole city had been 
petrified for a century/' 

Venice, which was founded in the 5th century, might fitly be 
called the battle ground of the styles, and there more easily 
than in any other l<:>ca]ity may the 'history of architecture a id 
its associated arta from tliis period, until the complete establish- 
ment of the Medireval Gothic of Western Europe be studied. 

The classic art of antiquity was at the time of the foundation 
of the Queen of Ihe Adriatic, dragging out a languid existence at 
Borne, under one phase, which was founded upon the type of 
the Basilica?, the old Courts of Justice of the Eoman empire, and 
in Constantinople, and the Eastern Provinces under its ^ way, 
under another phase, known as the Byzantine. In Venice these 
met and contended for the mastery. There the various nations 
oftheeoiit and the west met ancl built for themselves, under 
ita tolerant and paternal government, according to their own 
traditions, and as might be expected, we Br>on see their work 
united in various proportions in the same buildings. 

But the northern Teutonic energy was the most vigorous, and 
before long asserted iU supremacy, taking however from each of 
it« competitors some element which it Wended with its own, and 
thence sprung and spread over Europe the Gothic Architecture 
and Art. 

However, the brilliant story of its rise and progress, as 
written in the atones of Veuioc, is it not well chronicled in the 
glowing pages of Mr. KuskinP I will not therefore follow it 
further, as mj purpose is now to trace the same progi'ess from 
this point, aa it may be seen in the noble church of Sl Nichoiaa, 
Great Yarmouth. 

Hie whole series of the styles of English ecclesiastical 
architecture are represented iu this structure— tl»e firht in order 
being The Ngrtnan, tliis is the Enghsh dcvclopmLMit of the 



Romanesque, which is the Teutonic version of the ^^Te^ 
Boman architecture and spread from luly along the banks 
Bbine and through France and thence into thw countr 
receiving in each a distinct local character. Thia style w m I™ 
seen in t\e lower stages of the Tower of St. NichokiJ Church. 
immediately ahove the roofi, being a remnant of the onginal 
church built by Bishop Herbert, (surnamed I^zmga). to whom 
this diocese is so gn^atly indebted for the foundation of th© 
noble Cathedral at Norwich as weU. The semicircular arch is the 
principal feature which distinguishes Norman from t^^e sucW- 
[ng ecclesiastical atyles of architecture, lu this matjnce ^^^^^ 
a^ very simple and plain, and devoid of many of the ^e^'^l^^^^J* 
which usually are its characteristica ; probably from the pus tioP 
of the church upon the aea-coast, its character was half-miUtiii3 
and such simplicity was a necessity enforced by circumstancea. 

The next period the work of which we find represented in 
this building is that known by the term "^9"'^^ f'^^f^'h 
which is the earliest of the Gothic stylea. Without cntennis 
into the discussion aa to how and whence this style a«jw s 
whether it was due to the Crusades, woich brought the^a*^^^ 
and western nations into close if not friendly contact, or to 
other causes ; certain it is that in Gothic architecture, whicU 
became indigenous in all the western countnes ^^^^'^f^?^ J^ 
mediaeval ages are to be found the best elements of both the 
Komanesque and Byxantine styles, but with the pointed arch as 
henceforward the mUng form of every opemng. .^^a 

In EngUnd alone was the earliest phase o4 Gothic developed 
BO as to form a style of itself, which ia termed tlie Earij 
English, in which the windows are aimply narrow, lanet^t 
shaped openings, uaed singly or grouped m coupleta or tnpleU, 
as ti the West «id of the nave of St, Nicholas' Church, whereas m 
other countries tracery appears in the windows almost ^.^^ 
as Gothic architecture may be said to have been estftbuauaa 
at all. , - ' J • *i * 

Another point which should always be borne ii^ Ki'^d. is tumt 
although for our own convenience we have aaasificd ^<^.*;^ 
architecture into distinct styles, these were not abruptly divided, 
in point of fact, but passed gently, almost msenaibly, tbe one 
into the other, and indeed its whole history was but ono oouwe 

of transition or growth. \ „„.,,, r^i v 

The orchitectSre of the naWe of 8t. Nichohia' Church wmj 
therefore be described as of tb^ period of the transition fi^m 
Norman to Early English Gothii^ ai^d is remarkable for^U fane 
arcades with their admirably l^ed piers, being circular. 
octaeonali and shafted in successions^, , - .. \%,jk 

The great feature of St. NicholasSfitBTch la its un equaled 

and splendid aialea, those adjoinbg th^^^? *^f ^\ ^ J^J^ 
oompletely advanced Earlv English or IVaSP^^t?^ ^^^f* ? J!l° 
the fariy English and Decorated. TlieiTV^if^ ^^^^ "^i ^a1 
shew the rudiments of tracery, and doubtldlf . o"ginal aia» 
windows did BO also. I have prepared a drawif fif ^ *K^^ T„ * .t 
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believe to have been the southern side of 
was spoiled by later alterations. The side wino^ 
the beautiful original internal dressings, it being 
framework which was replaced later by perpendij 
their great detriment. 

The south porch has been a sumptuous work, of 
what later than that of the aialet. It is of the earl^ 
period, with rather curious and unusual tracery, sup'^! 
detached Purbeck marble shafts, and is an excellent 
the style. 

Then we have the chancel and its aisles, and the caai. 
tower piers, of fully developed Decorated work, and the 
of stiU later date, or flowing Decorated ; and of the las 
Gothic urcbitecture, known aa the Perpendicular, 
numerous inserted windows and other alterations, vr\i\ 
fortunately do not improve the architectural and 
character of the fabric, although they increase in some 
its antiquarian interest, as a monument embodying in its( 
work of all the periods of eccleeiastioal architecture. 

Becently the interior of this unique and magniiieent strn 
haa been restored to its full magnitude, and its just propojti 
It is, however, far from being in a condition to convey an id*- 
the splendour wliioh in olden days it undoubtedly pofisrh 

It IS well known that few of our churches, none of sur 
8t. Nicholas, were letl in unsophisticated stone and plaster, 
were all sumptuously enriched with works of high art, vn 
and decorated screens, such aa Norfolk, beyond any couur 
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uttU ffuned for? am! from enciwifltic flooriop to painted and pOded 
eeiiingi, tlic wl cl with ricJi and beautiful colouring. 

The i>rcfieEt . :t has made a vast advance beyond the 

limited appreciation ut art wbich baa obtained during the last 
three centoriee, if tbey can be said to bavc appreciated art at 

It ti naeleia to speculate why it was that aimnltaneoualy with 
the Seformation (which we nil belieTe to have been a ^reat 
boon to the world, bb clearing away the mists of superstition 
that at lenifth bad obscured the Christianity of the middle ages) 
art at the same time fell into so lamentable a state of decay and 
:le<rt. 

t is ihe Hflture of mankind to run into extremcfl, and the 
UnjET that art had been made the instrument to foster such 
tion doubtleaa helped to lead to a reaction, through 
.eh it became altogether ijjnoreil and set aside. 
NeJrt succeeded a period of stupor, of entire indifference to 
art, when men could see naui^ht but the merest utilitarianism in 
ench buildings at all. 

From this deplorable condition the present generation has 
awoke. It does at last admit, not ouly that it has no right to 
destroy it^a ancient churches, but that it is a duty incumlK'nt 
opon it to maintain them, nay even if they can accomplish it, to 
restore themv and to wipe away the slrnme of the neglect of their 
forefathers. All this is well, it ia wcU that this appreciation 
oi art and arcliitecture has commenced with our churches, but I 
mm anxious that it should not bitop there. 

I wish to plead for the inif^ortance of art in our homes, 
throughout our touns, bo that our improved churches should not 
be fo utterly out of harmony with their surruundinps as at present, 
mnd in the oountryt so tbnt our Tillas and cottages should not 
be «ach mmplots in a fair landscafxt as they are at present* 

This was tbecase formerly. Those who nave seen such cities 
■I Borne and Nuremburg will attest that their noble churches 
are but the best buildings where all are good and of harmonious 
aijd picturescruc character. 

IVn;ilr toott then a pride in their houses, and tome thought 
•irtitside ; their work was solid and subiiitantial, and 
eased the character and feelings of their builders and 
tnii&biiij^ts. 

But what does modem building express? Does it exprefo 
anjtlmigi' At any rate it is to be hoped it does not express our 
cliaracter. For if so, how could we claim truth to be a part of it P 
seeing that one material is commonly made to mimic another, 
aa cement to imitate stone, and the whole decoration is in 
general one system of sham. 

For this state of tilings who is to blame ; the art prodacerp, or 
the poblicF As is generally the case, there are faults on both 
sides, which act and re-actupon each other. Primarily it is the 
of the art producers, wlio have acted the part of unnatural 
ita. by giving stones in answer to the cry of the people for 
; that is to say, giving them nothing thnt could interest and 
them, but instead, only dry scientific architecture, not 
►sed as our own indigenous Gothic was, of fair arches and 
traceried openings, that everTbody could love and tuidersland, 
but the dreary exhumed dry bonea of classic architecture, what 
"^"ey hare been plcesed to call Italian, and ^which, however 
lenttfic and convenient ^though I am prepared to contend it ia 
so than Gothic), Dever touches the feelings with the 
ightfst pleasure. 

Then arcliitecture^in modem times, has lost the able assifltance 
painting and sculpture, by which in olden days she pierced 
ib# hearts of men, oirr buildings are thus left devoid of colour, 
d tbetr corvinif is done by men hardly raised above the rank 
if maaonF. — ^ ' -^ cold and cheerless they have no charms for 
ordinary t ^ince it retpiircs some education of the eye 

and b ""'• -o intellectual effort to appreciate the merits of 

ich is all that is aimed at. Our painters are 
4^.ted in the production of easel pictures, for which 
are commissioned, and our sculptors give us little 
anual ghastly array of busts in tlio dungeon of the 
!idemy, with an oocaatonal galvanio revival of some long- 
mythological personage. 
tu the public, accastomed to bo treated as if it had neither 
aor lot in artistic matters, and finding no pleasure in 
ture*and in the other arts only in a dilettanti manner, has 
wn its sympathy from them> and makes no demand for 
dcecription of supply. 



Must we then despair of better things F Mr. Easkin, the 
eloquent author on these subjects, says ho is weary of writing 
about them, seeing so little result. But I think wc mny loot 
forward much more hopefully. The progress made by artists of 
late years is undoubtedly great, and as the demand increases tho 
supply will keep pace. 

All should love architecture and art, and not believe there is 
an^ difficulty about them; I want all who cun enjoy beautiful 
thmgs in nature to equally well admire them translated into 
the languago of art ; and they should believe that architecture* 
paintiag, and sculpture, are each and all necessary to complete 
and render intelligible that language. Separately they are 
imperfect; their strength consists in their unity, which combinei 
the efforts of each, and gives purpose to their power and 
direction to their aim. Thue architecture embodies but the 
abstract principlee of nature ; recreating, by means of her laws 
of construction and geometry, she gains sublimity by sijse, by 
symmetry, and contrast — beauty, by proportion and harmony. 
She builds up the polished stones of tlie earth into a music of 
visible ma tier, wtiich yet is, and must remain ever but a 
•' froEcn music'* as it has been called; out of tune with the 
natural melodies around, which concentrate all kinds of attrac- 
tion, it she avail not herself of the graces of her sister arts. 
Apart from these, her means of expression are rery limited, and 
extend not beyond the simplest emotions of the mind, addressing 
but few of the aympathies of men ; with no more power than 
the lispings of a babe, or the gestures of the dumb. But still, 
that which she has to say ia told from one generation to another, 
is told so clearly, that men may not but hear ; and while she 
shielda within her arms the more fragile works of Painting 
and isculpture, their roice, whoso compass h greater, blends 
with and bccomea one with her own. Hiistory lends ita 
associations, and the wild legends there are ; arid when records 
have perished and the voice of tradition is still, so long as one 
Btono will stand upon another, time will but add a chanu and 
bedeck the mouldering walls with the golden hues of the lichen 
and the moss ; till, bcautiiul, even in death, the loat relic ia 
ploughed into dust* 



THE ARCniTECTUBAL ASSOCIATION. 

The ordinarv fortnightly Dicuiing of tUia Aaiociation wss held on the 
16th ultiaio, Mr, R. W, Edia, rresiik'nt, in the choir. Mr. Betijamin 
Lcc, Mr. Edward Haaolhorst, Mr. (Jharks Ditrby, and Mr. Urmoad 
Suoley Brown, wore dect«d membcrB of the Association. The Proeidtfnt 
rtjported that he had received a letter from Mr. Phi ' I=.tol, tlio 

honorary Bctretary of the Bristol Arch^ological Soti ^' before 

tho Aaaociatiou the intended demoUUoa of an old hut^j,. ... — l^I named 
Colaboro Houao. U was proposed and carried that the Aa«4>ciaUon almuld 
roemorialiae the Town Council of BrUtol, in the hope that they might 
he induced to save this ancient rehc. 

Mr. Mathews observed, at one of the earlier meetings of the present 
fiosfiion a question had boon raised relative to whether arnional beaiings 
used in building were hablu to pay government duty-. Mr. Potter, who 
had oommunicatcd with tho Govt-rninent on the subject, had receivBd an 
answer from the GhanccUor of tho Exchequer stating armorial beahngs 
uafid in buildings wore not liable to duty. 

Mr, Tarvcr called attontion to a letter from Mr, Burgeas, nddrcjwcd to 
the ** Building News." having reference to the Figure Drawing Claa, 
and explained that tho statements relative to poor attendance were too 
true ; and that it was consequently found necesaary to raise tho suttsorip- 
tion somewhat above the seven shiUrngs monthly, which it had been 
hoped would be sufflcient to cerver the ouihy caused by increasing the 
number of weekly meetings from two to thrt*c. lie had heard that the 
ejipensc of joining this daaa, as compared with that of tbe Govemmual 
schools, had deterred some gieutlemeQ from boooming members ; but he 
hod learned from onquiryi ttiat those who draw from the life in the 
Crovemment schools^ were only admitted after a much longer coutbo of 
study than arehiteete have time for. lie diaclaimdl the notion that 
arobitccts should devote to figure drawing so much of iheir valuable 
time DB to make them perfect maetcrs of the art, but hoped that many 
now membcw, from among the pupila especially, would seize thia oppor* 
t unity of acquiriag most useful iafonuatiiju by attending the class. 

Pbofsbsbb Xbbb, F.EJ.B.A., then delivered an address upon 

DOMESTIC AECmTECTUKE. 

Thb Professor stated that hi** lecture would be ujion the 
design for an ordinary country liouso lor a gontlemnn, Tito 
plan he proposed to follow in his address was to sho^^ pracLicatly 
tbo way in which he had been accustomed to design the [)latt 
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of ft country house. There tnl^ht bo some gentlemen present 
who knew as mnoh m he. but he was aware that there were 
jomiger men who did not, and it was to the Utter that he 
addrefiied himself. He assumed a hoase, containing rooms of 
the following dimeneiona, for the purpose of ahowing the 
principle in which it should be planned : — Dining room, 24 feet 
Djr 18 ; drawinji^ room, 24 feet by 18 i library, 24 feet by 18 j 
billiard room, 24 feot by IH ; j^cntfoman's room, 18 feet by 18 ; 
morning or breakfaet room, 18 feet by IH ; entrance hall, stair* 
case, cloak room, of each dimensions such as may be convenient ; 
kitchen, 20 feet by 16 j scullery, 16 feet by 16; 3 small larders ; 
lerrants' ball, 20 feet by 16 ; butler's pantry, 16 feet by 12 ; 
hoasekeeper's room, 16 feet by 16 ; a store room j side 
entrances ; back entrances, and so on. 

He ventured to diatingnish three types of plan, not so much 
theoretically as for practical purposes. These were what he 
would calli'lst, the regular typej 2ad, the irregular type; 3rd, 
the quadrangular tvpe, 

Taejir^t of these he sub-divided ag(ain into the square house, 
the gallery plan nod the Cortili plan. 

The second be subdivided into the ball plan, the gallery plan» 
and the Scotch plan. 

The third he would shew in two different manners, the first 
with side ofDces, and the second with rear offices. 

Professor Kerr then proceeded to draw in crayon a number of 
interefiting ground plans, illustrating the various styles of whit-h 
he spoke, pointing out their merits and defectp, and giving a 
number of practical hints as to placing of doors, fire places, &c , 
which, however, could only be understood by seeing the drawings 
which the Professor exhibited. Having finished his description 
of the various styles of ground plans he proceeded to deal with 
a few questions of interest connected with ihe subject. He 
considered it a self-evident proposition that internal convenience 
should be ihe first consideration in designing a house. He waa 
not stating a mere truism, which waa to enter in at one car and 
go out at the other. Whatever reverence an architect may 
have for art, whatever desire to shine, or to produce a grand 
ciFect, all must be made subeidiary to eonrenienee. Looking 
at the works of nature we find this rule to be universally 
dominant.. There is no attempt to moke a shew on the outside 
go as to compromise any organic property within, fi peaking 
with reverence we saw that nature never sacrificed the interior 
to the exterior. The exterior was ever designed with reference 
to the interior. And in art the same principle outjht to be 
adopted, whether for ft warehouse ur a church. He could fiud 
5<HJ men who can defdgn a good outside, but he would not like 
to say how mnny of thera could design a good inside. 

lie then made some ob*»ervatiot»s on the question of aspect. 
He would remind tbem (hnt tbe sun ehoue on the east side of 
a house at six in the morning ; on f he south side at noon \ on 
the west at six in the evening. Also he would remind ihem 
that wiud^ from the north-west and south-west were boisterouw ; 
from the north-east keen ; fr«^m the south-east mild ; and I here- 
fore the rooms in which tbe family mostly resided ought to have 
a south-easterly aspect, 

A window to the west will never do for a dining room, because 
the sun would shine in ut such window nt the Udual dinner hour, 
^orlh was therefore the proyier aspect for a dining room. 

The drawing room must be towards the soutb-ea^t ; it has the 
beiiclilof tlie t'arly morning sun, but the glaie is <>irthc winduwa 
betimes. The souih^eost was also best for the dining room, if it 
could be managed, and in cases where the dining room was ali*a 
the sitting room, it should have window^ to the south-cast. 
With regard to the question of archilectural e flee I, he pointed 
out the fact thut Enghtih gentlenii'n do not like anything thtit is 
obti-usivc or conspicuous, or which «^ ill provoke remark ; they 
want what is ordinary, not extraordinary; the colloquial sense 
of tbe w ord elegance expresi^cd that whioh the better class of 
this and other countries appreciate. 

As regards Archaism, he observed, there were mnny men in 
the present day who seemed to desire to maku* their buildings 
aw ugly as possible. He did not want too much ornament, but a 
piiucity ot decoration or rudeness uf execution were not 
clrnnable. On the point of style he remarked, that architects 
\i I r -' very much divided between the Gothic and tbe Classic. He 
•.N Mild not go into any controrersy on tbe subject, because he 
. . 'jj-^hlercd the controversy a most healthy stimulant. That 
HiAuIi is ifaJ/t'if IiaJmn iU'ehiiecimn ouglii rather to be termed 



modem Enropean, because it l>elouged to that reorga nidation of 
intellect which took plaee in the airteenth century, and spread 
over Europe, and which was only called Italian because Italy 
was ita cradle. Be thought, however, Italian architecture 
was perhaps less suitable for domestic design than tho 
Elizabethan style ; the latter did no violence to our ideas, it 
peserved a certain picturosquenees which bad nothing repulsive 
m itp and also coincided with our habits and historical feelings, 
which made it peculiarly applicable to England. Therefore 
he considered there waa something pleasant in the competitive 
rivalry between the Italian and the Blizabethan styles. Neither 
style was likely to throw aside the other. The Elizabethan 
tended to add picturesqueness to the Italian ; the Italian was 
fitted to add elegaQce to the Elizabethan, and the styles offered 
a pleasant alternative. Architects often found a client with a 
peculiar structure of mind, which led him to prefer whatever 
was delicate and classical; while another man, perhaps hia 
neighbour or his brother, with different tastes, would have 
leanings in a different but not in a contrary direction, and would 
prefer something more picturesque, more piquant, more stimu- 
lating. According to the tone of mind which a man possesses, 
80 in a great measure would be his preferences. He ^Professor 
Kerr) considered that no architect need have any hesitation in 
offering a gentleman his choice between tho two styles. An 
architect should feel himself quite at liberty to 'say to a 
genllemaa consulting him. " You may have either style you 
please, and I will do my beat for you.*' 

Professor Kerr next proceeded to speak of some of the rooms 
which were essential to a gentleman* s house, and instanodd 
** the service room," He said it was the small chamber con- 
necting the ollices with the dining room, in which dinner wiia 
placed, and then served through a private entrance. The object 
of having such a room was to prevent the inconvenience of the 
dinner being carried through the house. He (Professor Kerr) 
was acquainted with a wealthy gentleman who had not such a 
room in his house, and the dinner had to pass through tho 
staircase. The consequence was that the dinner odoora 
penetrated through the entire dwelling. This showed the ne- 
cessity of considering the dinner route in planning a house, and 
of plauniog the kitehen in such a position with respect to tbe 
dining room that all such unpleasant results might be avoided. 

A cloak room was another apartment which the lecturer 
considered essential to a gentleman's house, and on the imi>ort- 
ance of which be laid great stress. It waa necessary to have a 
room fitted up with lavatory, iScc., and it ought to be as near th# 
outside door as possible. 

Strangers visiting often lost their way in a large house, tkey 
oonld altt-ays, however, find thair way to tho entrance door, mxui 
it was always of great convenience to know there waa such n 
room at the entrance, 

Tlie gentleman's room he considered deserved a few words of 
notice; it was the business room of the masc^r of the house* and 
into which no one was allowed to enter, except of course the 
servants who cleaned it. No one had a right to come in and ait 
dow n without leave ; it was like an architect's private oiSaae, in 
which after visitors had transacted their business they were 
not at liberty to remain. The gentleman's room ought to be so 
placed as to be easily accessible from tbe private entrance, and 
also for the attendants. It ought, however, to be somewhat 
removed from tbe ordinary traflic of the house, so that tbe ladies 
should lisve no excuee for operiing the door if passing f>y» 

The Professor then proceeded to denl with the question of 
suites of rooms. He said he did not refer to the system of 
having communication between several rooms by means uf 
folding doors, but rather to the method of hanug two or three 
rooms separated from the other apartmants by having an outer 
door, which, when closed, completely excluded the dwcllera 
within from all the other people in the house. The suite to 
whii'h be iirst adverted was the bed room suite, lu m«»st 
houses people were accustomed to find bed rooms " pitchforked" 
together any bow* Sometimes they were so constructed that 
people eould not find room for a washstand. A bed room ought 
to oe designed so as to hold tlie furniture. The object in 
having rooms in suites was to give guests, and c^peciall/ 
married guests, a set of rooms as their own. This was a 
particular point in the designs of Mr. V 'h welbknown 

architect, and gave great satisfaction, i i( be a auil# 

consisting of bed room and drosding room urn j lur gueeU* tktsv 
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mierlit &Uo bo what wts called the ftmilj ^iiite. In ii large 
lii>u90 in wliieh the majter and mi^treaa were quite alone, it is 
▼frry unromfortnble to inliabft the whole lioaae, and even if the 
hou^e n ere filled with gueat* there were times when the host 
und hosteat dpsirnd to retire from the bustle and enjoy a period 
of quiet. The fttijiily eaite woald consist of a bedroom* 
dresiiDp room and pitting room. The ladj*fl boudoir should be 
wljoinitiif the dfes«iiitf room. There were Tanous erroneous 
ideas estant regarding the lady's boudoir* It was not a fanciful 
apartment, it was the lady's buavnesa room. 

Another anite which was to be recommended wai the nursery 
iiute. to whieh a bath room, ecullerjt and other conyeniencea 
ought to be attached. 

The lecturer then proceeded to make aome obaervations 
relative to the dbtifir;tion between the Claaaioal and the 
Mediajral hall. The classical was diatin^ifhed by great Jofti- 
nciiH, The mediflD^al wtk» more homely in character. In 
olden time* it ^aa the room in which everybody ate and 
drank and slept. The hall ah on Id be the firat apartment after 
pMfiing through the porch. It was more domestic than the 
nobler and more refined Classical hnlL 

On the kitchen group of a gentleman's house, he observed, 
that in simple form they consisted simply of kitchen, scullery, 
and larders, Tliey ought to be as far as possible from the 
l)oiuse, so that the dinner smells might not be perceptible in 
(he rooms. 

The lecttirer recommended that io planning a house, the 
architect should place the furniture on fiis plan, it might be a 
lit"' *-i trouble, but it would save much inconvenience 
n: . 

J tiir iir*itleinan*8 desk was a piece of furniture which was most 
particular in its requirements. It must have light from the left 
aide ; It mu'it be near the 5re, and the door must be at the right 
txaxid* and the bookcase must be conveniently placed. 

The lecturer concluded by saying he would impress one 
further remark upon the younger members of the profession, 
tkanjelyt the aeeessily of considering the function of an architect 
i« ita pniely practical light. Great allowances were to be moHo 
for the rnthufiissm of youili* but still » in tbe present day, he 
believed there was a necessity to impress on the younger 
tacmbers of the profession t<) devote more attention to the 
practieal maitera. 



Mr. Tarver observed that Prrjfojwor Ken's condemnation of 
•^ ^othit ** domestic arcbiteeturo at the proecnl day was, to a great extent, 
deftcrved. He considered that one aecrot of this failure was to be found 
an tlie neglect of the details, and especially the joinery, which ought to 
Ik* made the object of individtial study ; and be olao pointed out that in 
many ca*Mf« architwta applied *' church gothic ** to domoetio purpoaca, 
for vhieb of course it was unauited. 

Mr* Webber mcpmiddd his approbation of many of the remarks 
made in the rourac oftbtf paper, and supported the vote of thanks. The 
Prtsident sftid, that thougn Profeaaor Kerr and be mieht differ on somo 
|K^Q£i, it was with very great pleasure he hod liatened to the lecturer, 
fu no m*n was more able to deal with the subject. Although 
TiotttaoT KcTT mtf»!tt nof lilreMediajval houses or Mediceval architeeture, 
jrt he (the Pi d in its practical applicability with mcMii- 

^eatioufl to * ijincos. It was for the architects of the 

pp,.- .. , .... ^i^rvile manner the architecture of tho past, 

111. r : ,v ' 1 the appliances of modern science, and so to 

tjj nijij4 ;:i t i -qit ii Ui existing dcmanda; he agreed with 

a1! :^or Kerr had aaid on the subject of planning, and felt that 

ILn 3ij oontained in the leoturo were of great value. 

liii; vuU was carried. 



The International Exh'hitiim of the products, arts, and manu- 
fiicluree of New South Wales, Queensland, South Australia, 
Wettem Australia, Tasmania, New Zealand, and Victoria, to bo 
hold dariu;^ *^"^ nr.iuont year in Melbourne, promises to assume 
proporti>>nh ^ beyond tbe calculations of its authors. It 
ts eatimatcij . m the growth of manufactures and the 
ffeumtl process uf the colonists since I9<n, the space require<l 
hy V^ictorian exhibitors alone would need an eclitice at Ua&t 
doable the size of the present exhibition building, so that if 
lh« di adjoining colonies only contribute in moderation, the 
a|Ki^,ite ciiUcction of objects will be very large indeed, and 
wut ntceaa.'irily involve Uie erectlou of a new aod very capacious 
g- 



THE MAINTENANCE ANP JIEKEWAL OF 
TEKMANENT VfKY. 

Bj E. PsTCE WiiLUMs, M. Inst, C.E, 

The Author thought it must be confessed, that the condition 
of the permanent way, so far as regarded its durability, had itt 
no way kept pace with the demands nyon it. and that in thi« 
reppert it compared nn favourably with other branches of 
railway engineering. Thus, for instance, whilst the weight and 
power of locomotive engines had been more than quadrupled in 
thirty yearn, the increased efficiency resulting from more 
perfect workmanship and a better description of material was 
such, tfiat, on tfie Great Northern Eailway, the per cent age on 
the irro*9 trallic receipts for locomotive expenses had even 
slightly decreased during the last fourteen years, whereas, OR 
the other hand, that of maintenance of way had increased mora 
than 200 per cent, in a simihvr period. 

With a view of showing that the durability of the permanent 
way. nnd more especially what wa?^ termed tne ** life of a rail," 
ha(t been eonsiderubly over-estimated, and further with the 
object of supplying more reliable mf^ans for comparing the cost 
of maintenance anil renewals on different rsilvvay^, the Author 
had been engnged for some years in preparinir from reliable 
sources, tables and diagrams relating to the folbji^Hng lines of 
railway, arranged according to their mileage : — 1. Loudon and 
North Western : 2. North Eastern; 3. Midland; 4. London 
and South Western ; 5. Great Northern ; <1. Lancafhire and 
Yorkshire; 7. South Eastern; 8. London, Brighton, and South 
Con^t ; and 9. Manchester. Sheffield, nnd Lincolnshire. These 
tables and diagrams showed, for a period of nineteen years. 1st. 
the detailed charges of i7, maintenance of way; K staff and 
other charges ; e, works of line ; d, stations and station works ; 
and p, renewals of way, all of whieh were usually comprehended 
under the head of maintenance atid renewal of pt^ramntut way 
and works ; 2nd, the number of miles maintained ; 3rd. the train 
mileage ; 4th, the groj^s tonnage, together with other information 
bearing upou the subject. 

The diagram relating to the London and North Westera 
EaiJway was then explained in detail, and it was remarked, that 
the cost of maintenance of way had reached £270 per mile per 
annum, that of staff and other charges liad been regular and 
uniform throughout doirn to the pre Rent time, that the item 
works of line showed considerable vanation, due probably to the 
heavy expenditure at times in replacing timber viaducts and 
repairing slips, and that stations and station works also exhib- 
ited the same variable character. It was, however* in the last 
item* r*>newal« of way, that the principal disturbance of outline 
was noticeable. This was alluded to in periods in the Taper 
and the grross result arrived at was, that in the nineteen years 
£1,906,858 had been expended on renewals of way alone, 
representing something like 1,302 miles of single lino, or almoat 
one-half of the whole mileage maintained in the year 1^55, 
This gave an annual average, since 1847. of £l03,fJ<<0, which 
was equivalent to nearly 73 miles of single way of the main 
line broken up and entirely replaced annually during the period 
referred to ; chiefly in situations where the iratlic was heaviest, 
and where consequently, owing to the short intervals between 
the trains, the facilities for doing the work were the toast and 
the dansrer of accident the greatest. 

The average cost of renewals per mile per annum during a 
period of years, on the nine raUways to which tho statiatics 
related was shown in the following tatle -. — 

AircT«g« Conlpermila 
No, }7»m« of Ratlwftj. Of joariH per A&nttta« 

L London nnd North Western 181 *- ^^^ 

2, North Eastern 14 8^ 

3. Midland ^ ^7\ .. 84 

4, London and South Western 1 ' 72 

5. Great Northern llM 

G. Lnneusliiro and Yorkshire 150 

7. 8(>uth KfiPtern ... ... ... i'>4 .. 1<^Z 

8. London, Brighton and South Coast ... I'^i ,-, 94 

9. Manchester, Shefljcld and Lin col nsh ire... *.. 4U 

As the Piagramp and Tables already de^orilicd were too 
general in their charucter to enable a reliable csUmatc to bo 
formed of the " life of a rail," the Author, with the assistance 
of Mr. 11. Johnson (M, Inst. O.E.). had i a^iplrmentcd ihioiia 
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relating to the Great Northcni railway, by lonijitudinal sections 
of the two principal divisions of tlie main Jino, from Kinej's 
Cross to Peterborough (75 \ miles), and from Peterborourrh to 
Askerne junction (81J miK's), showinjif the places ^^he^e the 
renewals had occurred, the jieriods of renewal, and the nature 
of the different ffeolojrical formations. Here it was that the 
destructive effects upon the permanent way of a larsje and 
concentrated traffic, more ej»peciallv of a heavy and rapid coal 
traffic, were most sijjnificantly evident. Various modificRtions 
had been rendered necessary in the way as orij^inally laid, and 
the rails and chairs now used in renewing: the road were of a 
heavier character, and the sleepers were of a larjror scantling 
and were placed closer together. TJie cost of renewincr n single 
mile of this road, exclusive of ballast, credit beinu^ allowed for 
old materials, was now cstimntod at £1372. It appeared that 
durinjr the last twelve years315 miles had been entirely renewed 
on the main line between Kini^'s Cross and Askerne junction, at 
an expenditure of .£42.1.820, luMnj;: at the rate of £:J5.273 per 
annum, which was e(iuivalent to upwards of 1 per cent on the 
ordinary stock of the Company. In other words, the renewals 
on. the 16()^ miles durimr the period mentioned had a^nounted to 
an averaire cost of £2(K) per miK» per annum. It was explained 
that the up traffic, includinir as it did all the heavy coal trains, 
exceeded that on the down line nearly in the ratio of 2 to 1 ; 
and, as might naturally bo exueotod. the co.st of maintenance 
and renewals was found to be much in the same n^lative 
proporti.ns, 203 miles on the up line havin/ been re-laid, nnd 
112 miles on the down line. Where the different streams of 
traffic converged, as, for instance at Uitchen and ITatfield. the 
frequency of tlie periods at which renewals had occurred became 
very apparent; for the fjjreater part of the up line, on the 
de8ccndin«j trradients between Potter's Bar and Hornsev, had 
already undergone a third renewal durin<T the short period of 
■thirteen years, ffivinj; an averaije of only tliree nnd a-half yeara 
as the life of a rail under these except ional circumstances. From 
a return, furnished by Mr. Grinlnifr, it appeared that, on the 
up line near 13arnet. 57.53(> trains and 11,700,920 tons had 
iafficcd to destroy in three years the raih laid in 1857, and that 
65.529 trains and 13,481,GGl tons those laid in ISGO and taken 
up in 1S(33. 

The results of an invest illation made by Mr. Meek, extendinsf 
over a period of seven and a quarter years, showed that on tlio 
Lancashire and Yorkshire, where the traffic was of a heavy 
character, but conveyed !^^ a slow speed ns compared with the 
Great Northern, on the falb'n*; ^rradient of 1 in 130 at Rams- 
bottom Viaduct, between Uury and Acerin^ton, 02,393 trains 
and 12,451,781 tons wore out the beat sample of rails in seven 
and a quart<»r years. At Bolton, on the levol. where all trains 
drew up, the same description of rails had required 2)3.122 
trains and 38.803,128 tons to wear them out in a similar p.eriod. 
The Author considered these facts clearly proved, that the 
rapid deterioration of the permanent way was in a irreat measure 
attributable to the increased wei;^ht and speed of the traffic ; 
and that the concurrence of the tonnage outlines with the cost 
of renewals was collateral evidenee of the truth of these 
deductions. It was contended that the chief^ material, the rails, 
was w-anting in the essential element of durability, and that the 
experiments on the Lancashire and Yorkshire showed that both 
the be^st Y'orkshire iron and the coirser and harder descriptions 
of Welsh manufacture, were alike incapable of withstandin<T for 
any len^jth of lime the rxeessivo wear and tear to which they 
were exposed. The mode of manufa?tui-in;r iron rails, and the 
various methods of formin;^ the pile adopt:*d at the principal 
iron Works in South Wales, wt-re. tln-n described. It was 
stated that very few makers were now di^pos./d to ::ive even a 
seven years* guarantee for iron rails, whicli was tantamount to 
an admission, that when exposed to the exeesaive wear and tear 
of main line traffic, their employment must no lon^^er be 
looked for. 

The introduction of steel rails, manufactured cliieily by what 
was known as ihip Be.<?emer process, and the satisfactory nature 
of the results obtained, eneuura-iod the belief that in this 
material had ut lenujth been obtained, what was alone wanting? 
to nive somethinj; like real jierman'mcy to that which in name 
alone had hitherto deserved the title of permanent way. Two 
j*tee\ rails laid in .Mav, 1802, at the Chalk Farm Bridj^e on the 
I^oadoa and North Western Railway, side by side with two 
animary iron rails, after outlasting Bizicon faces of the iron 



rails, were taken np in Aun^ust last, and the one face only which 
had been exposed, during more than three years, to the traffic of 
9,550,000 engines, trucks, &c., and 95.577,240 tons, alihouj^li 
evenly worn to the extent of a little more than a quarter of au 
inch, still appeared to be capable of endurinj; much more w ork. 
A T.iece of one of these rails was exhibited, and another piece 
had been tested by Mr. Kirkaldy's machine, the results beinij 
recorded in tables and diagrams, showinijr the comparative 
strength of steel, steel- topped, and iron rails of dilTerent 
sections. 

The general adoption of steel rails on main lines, where the 
traffic was of the heavy description referred to, would, in the 
opinion of the Author, not only prove chenper in the end. but, 
what was of inlinitely greater importance, would through the 
less frequent breaking up of the road, materially, add t3 the 
safety of the travelling public. A tabular statement, which had 
been prepared by Mr. K. Johnson (M. Inst. O.E.), of tin? cost 
of usmg guaranteed iron rails at i:7 18s. per ton^ and estimated 
to last three years, and of steel rails at £15 per ton, supposed to 
last twenty years, showed a balance of fifty per cent, in favour 
of steel rails. 



OHRlSrS COLLEGE, BRECKNOCK. 
( With an Engraviny.) 

The group of buildings of which we give a view and plan id 
the accompanying illuslnition have lately been completed, and 
are now opened as a public grammar scho»»l, of which the Rev. 
John D. Willinms, M.A., is the head m^ister. It comprises 
acjommodatiou for forty bonlers, with masters* residence, and 
school and class rooms on a sciile sufficient to receive a consideni- 
ble number of scholars resident in the town of Brecon and ita 
neigh bourhowl, besides those who are boarders in the establish- 
ment. The site of the buildings is just outside the town, on the 
Merthyr-road, among the fertile meadows on the b.'ink3 of the 
Usjk, and beneath the majestic and towering range of the Brecon 
Beacons. This position was fixed by the ancient buildings 
belonging to the College, which have been restored, utiliseil, an<l 
abided to, to render them (it for their pi-osent purpose. T!le^e 
old buildings were the resnains of a monastery suppresseil in the 
reign of Henry the VII Fth, and consisted of the chapel seen in 
the foreground of our illustration, and parts of an old Dec;in:d 
house, now converted iuto the schoolroom and library. The 
chapel w.os originally the chancel of the monastic church, the 
extent of which may be seen on the plan by the enclosure wAU 
of the yard to the west of the chapel, and which are, in fact, j)oi'- 
tions of the very walls of the old church itself. The nave aud 
chancel seem to have been one parallelogram, without structural 
division, or even chancel arch, iis is not unfrequent in the locality, 
and there wiis a north aisle extending only as far as the nave, 
the treatment of which was very unique, as there are uumistake- 
able proofs that it was lighteil by a series of five large dormer 
gables, of which one gable (seen in the view) exists nearly in its 
original condition. Between the gables the aisle wall received 
the lean-to roof continuous with that of the nave. 

The walls which now form the western wall of the chaiicel, 
and enclose westwards the eastern portion of the aisle, as may be 
seen by the plan, date less than a century back, and the bell- 
turret upon the west wall of the chancel, the copings and cross 
of the eastern gable, aud the side eavescourses and corbels, and 
the roof, are part of the recent works, all traces of original woik 
having been previously destroyed. The interior of the ch.ip'l 
contains a founder's monument, a beautiful range of scJilia auv 
])iscinro, and rich arcaJes to the side windows, all of the line;*' 
thirteenth century work, executed in hard grey sandstone 
The school room and library, which formed the juincipn 
apartments of the old Decimal house, still retain their noble o.d 
roofs and stone chimney-pieces of fourteenth century work, and 
a few other old details. 

The building in the centre of the group contains the boys* dor- , 
mitories, with a i>roposed tower over the general staircase. This i 
tower has been omitted for the ])resent, fi*om the insufficiency of | 
the funds. An octagonal kitchen projects from this buihling, and i 
forms a prominent feature, as may be seen by the view. The ^ 
masters' house is the furthest portion of the group. 

The expenditure up to the present time has been about ^ 
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^O^OOO. The liuHclitigs were erected frcm the design of Mr. 
John Prtchard, then of tlie firm of Prichard and Seddoti of 
UandafT. The chiiptl coTtUina some striking stained glass by 
Me«srft. Clayton Aud Bell, and rich tile decoration by Mr, 
Godwin of Lngwardioe, from designs by Mr. Seddon. 

Mt^ftrencei to Plan. 
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TflK CATHEDRAL OF ST. CANTCK. AND OTHER 
AKCBITECTUHAL ANTIQUITIES, ]i:ILXEN^^^. 
IBELAND* 

By T. Nkwenham Dbamb, r,R,LB,A, 

TnB Cathedral of Kilkenny bein^ now in process of restoration 
Thingfl hnve been brotight to lipbt connected with its 
a] dt'sigiN wliivh may innke a short paper on the subject 
iuunftinc lo the Inelitule. In cunnexion wilh the deseripiion 
of the C«itbidr«l, I purpose louchinij briefly on the other buLld- 
it^lis of interest which still exist in Kilkenny — ecclesiastical, 
aiilitary and secular. 

Under the first of these headji I would enumerate tho 
Cathedral ; the Augustinian Abbt^y of St. John the Evungrlist, 
hose chsrter, in the *' Mona^tieon/* is dated 1220. founded by 
"illioni Marshall, the elder, P^arl of Pembroke ; The Botninican 
r, founded by William Marf^ball, the younger, 1225, dedi- 
(o tho blessed Trinity, commonly called tiie Black Abbey; 
.... iranciscan Abbey, founded 1230; St. Mary's Church, 
probflbly finished 1328 J the Vicar's Hall, neai* the CathedraU 
and other buildings forminj^part of the Cathedral establishinenU 
Under the second head, the Castle forms Ihe most interi?5ling 
object uf attention. Under the third licarl. I would mefttion the 
Hospital founded by Sir Kiehard Sliee. 1581, and several houaos 
dating from the Sixteenth C-outury and onwards. 

Thk Cathedbal.— a full description of this beautiful and 

int crest innr structure has been jjrven by the Kev, James Grares, 

booK on the ** History and Antiquiltes of Kilkenny," frora 

, and other authorities, 1 have made a few notes. St. 

> whom this church was dedicatedf was u man of 

od piety, the intimate friend of St.Columbkilb on the 

' foundation at lona he founded a monaetery at 

I per Ossory, which existed in 577. The earliest 

i-nny, in"The Four Masters,'* a,d. 1085, men- 

Cniunngh, or the Church of Canice, was partly 

—^n'-Mtiuty a wooden structure, which was shortly after 

It, and destroyed by fire 1111. After this second destruc- 

t.vi^, it appears to have been raised iif^nin, of more costly 

Hiitenals, Kunierous can'cd stones, of tttolfth-century work, 

liri\ I- 1m 4 11 found built into the walls, and under the paving of 

it churdi J and eitensivo foundations at the eastern 

Cathedral indicate that n church of that period ex'isted. 

in il&l>, W'illiam, Earl Marshall the elder, through a marriage 

with Isabella, only child of Kiehard FitzGilbert. Lord of 0.-»fiory, 

Wame Earl of Pembroke and Lord of Leinster, With this 

Boblemaii commences the authentic history of Kilkenny. He 

was appointed Governor of the Kingdom of Ossory, by Prince 

JohOf 1101 — Biehard I. beint; then in exile. He erected tho 

ctvtlo 1102, returned to England 1191, came back to Ireland 

1207, rebuilt the Castle of Kilkcnn}, and gare a charter to tho 

town, under which it still enjoys certain privilepjes. In 1203, 

* lltlfaol of a Paf Of i«ad before the Bojal Imtitate of BritiAb Arolutccts, 



we find the see of Ossory at A^haboe. St. Canic«*a original 
foundation, under the prelacy of Felix O, Dullany, who wa« 
succeeded by Hugh Rufus. or'Be Rous, an Eugli8h Au^ustiniaa 
canon, and the first Enj^b.^h Bishop of Ossory. This prelate 
exchanged the see lands of A^'haboo for others at Kilkenny, 
belonging to the Lord of Leiuster, and probably used the 
church which he found on the site of the present cathedral, 
afl it is stated ** he did nothing further for his episcopal 
see.'* Frora manuscripts in the Ormonde Collection, we find 
that a cathedral existed in 1229. This may have been tho 
ancient church of Dullnny's time, or the choir of tho present 
church, used as a cafljcdrul prior to the completion of the 
structure. Bishop Hu|>b de Mapleton carried on the work with 
in^at rigour from 1251 to 125(3* and nearly brought it to a finish, 
GeofiVy St. Le^^er. 12t»0, completed the cathedral, at ^reat 
coat. From the foregoing remarks, it will be seen that the 
present structure in its main features, was built between tho 
years 1251 and 1260, and possibly may have been commenced 
before 1229. In 1332, we find that the beJfrey fell, breaking 
the side chapels. For twenty years the cathedral remained in a 
rainous condition, when, in 1364, tlic tower was restored, tho 
vttulting of which was put in by Bishop Hackett, 1460 (this 
prelate was architect of the Convent ofBathalla i a Portugal). 
In 1338, Bishop Ledred filled the windows with beautiful stamed 
j;lass, particularly the eastern ones, which represented the whole 
life of Our Lord. So beautiful were they tnat Kennuccini, the 
Pope's Kuncio, who saw them in 1645, ofiered £700 for the 
stained glass, whieh was declined by the then prelate Da?id 
Roth. In 1050, those windows were demolished by Cromwell, 
who broke the monuments and '* took away the great and goodly 
bells, and threw down the roof thereof/* On the 12th of August, 
1658, the Coramonwcfthh passed " An Act for tho Heparation of 
Churches," which do^6 not appear to have taken effect on the 
Cathedral. In IC60, Bishop Williams, finding the church in this 
ruinous condition, commenced to repair it, expending on the 
choir alone £400. From this date until 1G76, the tathcdral 
underwent sundry repairs, and was supplied with a ring of four 
bells at a cost of i'246 138. lOd. In 1077. Bishop Parry supplied 
plate, value £100; and, 1756, Bishop Pocock, finding his cathe- 
dral almost totally neglected, its roof tumbling down, and its 
monuments broken, commenced the work of renovation, and with 
the assistance of his chapter placed the Cathedral in the 
condition in which it has been handed down to us when the 
present restoration was commenced, The fittings of the choir 
put up by Bisbo]) Pocock, being of a Grecian character, were quite 
at variance with the architecture of the cathedral, as were also 
the stucco ornaments which covered the ceiling. In 1863, the 
roofs were found to bo much decayed, and it was then deter- 
mined to restore the church, as far as possible^ to its original 
condition. 

The accompanying plan gives the general arrangement and 
principal dimensions of the Cathedral, which is the second in 
point ot magnitude in Ireland. The total length is 226 feet, 
bresdth at trensept 128 feet. The chapels on either side of tho 
choir, marked upon the plan H and k, have given rise to 
various discussions as to their uscf until tbe present alterations 
were commenced, the only access to these was throujrh small 
doors, one opening from the north transept, the other from the 
Lady chapel. The removal of the old plaster on walls, disclosed 
the fact that these chapels were divided from the choir by 
large arches, with beautiful mouldings and corbels. Similar 
artmes opened into tho t ran septs » The fall of the tower, in 
13()0, carried in its ruin part of tlie adjoining arches and walls 
of cboir and tvansepts : when the tower was rebuilt, the injured 
walls were carried up in solid masonry, and thus the arches 
alluded to were blocked up, One of the principal features in 
the present restoration is the rebuilding of these arches, com- 
pleting their mouldings and corbels. Tho clerfStory windows of 
choir, five at either side, which were also buHt up, are likewise 
being restored. 

The church appears to have undergone several changes, 
shortly after its erection in the thirteenth century : for insiauce, 
the Lady chapel, although a beautiful epecimcn of early English 
work, has cleariy been an addition, as the wall of side chapel, 
shows indications of a continuous arcade of arches, proving it to 
have been an outer wall. Almost all tho windows in the 
Cathedral have detached and filleted shalts. Tho east end of 
choir is very beautiful, having nine lights, with detached and 
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filleted shafts, heads ensped on interior, and scraicireular on 
exterior. The windows (wore ori^nally filled with the Ptained 
fjlass, so much admired by the Papal Nuncio, and for which he 
offered so larji^e a sum in 160D. Funds for the restoration arc 
too limited to allow of those large windows beinjx restored. It 
is, however, hoped that persons interested in the work may be 
induced to lend their aid to the accomplishmerit of .this part of 
the restoration. 

The Lady Chapel, owingj to defective foundations, has had 
to be rebuilt, the stones beini? numbiTod and used in the 
work. A complete arcade of arches runs ro«md the two external 
walls, soutli and ea^t. On the former thoro are nine lijjhts, in 
groups of three, with throe drop arches to tho interior, with 
marble filleted pillars and carved capitals. To tho east, six 
lif^hts, prouped in pairs, with drop arches and pillars. This por- 
tion of tho building: will be used as chapter-house. 

A small chapel used as tlie parish church and the two side 
chapels have each their aumbry and piscina. On the south 
■ide of choir has been discovered the site of the sedilia ; 
sufficient indications of the desi^s remain to enable it to be 
correctly restored. Hijrher up, beneath tho side windows, aro 
two recesses — the one an aumbrv, the other a piscina. 

Tlic carved capitals to windows of the side chapjls aro 
interesting, as ^vine: a certain weight to the theory put forward 
by Mr. Skidmore. tliat early Ensjlish foliage takes' its type from 
metal work. Each capital has its foliai;c bound round, as it 
were, with a hoop. These windows are being carefully restored, 
no stone being cast aside which can possibly bo re- used in tho work. 
On the walls of side chapels the original decoration has been 
discovered— scrollwork of excellent design in black, orange, and 
green, running under the wall-plate, tho walls covered with what 
may be called an ashlar pattern. It is propose^l to carry out 
the same mode of decoration in the new work. Tho roofs of tho 
side chajiels owe their design to tho only remains of an early 
English roof 1 have seen in Ireland, that of Ciillaa Church, 
removed some years ago. 

The roofs of tho whole church aro new, stone gutters having 
been used throughout, behind tho parapets, which are embattled 
—the most usual finish for ecclesiastical buildings in Ireland ; 
still, I am of opinion that such was not the original design, but 
probably dates from the fourteenth or fifteenth century, portions 
of tombstones of an early date forming part of their structure. 
Still, they are of sufficient antiquity, and nationality in their 
character, to make it desirable to maintain them. 

The porch is interesting as having been, in 147S, the scene of 
the murder of Richard, the son of Edmond Mac Richard 
Butler, in revenge for a similar outrage enacted thirty-five 3'ear8 
before under his dire<;tion. The mouldings of tho entrance 
arcliway are very beautiful, and busts, which are introduced in 
tho carving, exhibit as a fastening to the cloak what is now 
known in Ireland as the Tara Brooch. 

On removing the pavement, several patterns of ancient tiles 
have been discoverect, some of which liave been forwarded to 
Messrs. Minton, with a view to their reproduction. The device 
is generally incised, four tiles forming the complete pattern, two 
glazed with a black glaze and two with rod. A scale pattern 
has al«o been discovered, all red. Several stone coffins have 
been brought to light ; and an effigy, face downwards, forming 
part of tho modern paving, has been revealed. On opening an 
ancient vault, whioh is supposed to have belonged to the Ormonde 
family, a leaden coffin was discovered. The profile of the boily , 
having boon copied in lead, formed tho upper portion of tho 
coffin ; the under portion is shaped in such a manner as would 
have fitted into the hollow of one of the stone coffins which havo 
been dug up. In this same vault a leadon urn, supposed to 
contain the heart of Visp«:>unt Mountgarrot, was discovered. 

In examining the ruins of Ireland, it is interesting to trace 
the influence of a particular architect, or band of workmen, in 
various districts. In Kilkenny I trace the workmen who were 
employed at Christ Church, 'Dublin, and probably at Boyle 
Abbey — the filleted shaft and writhed angle shaft, as in north 
transept doorway, are to bo found in all throe. In Co. Galway, 
the tracery of altar tombs nnd windows evinces that the same 
mind was there at work, if it was not execulod by the same 
workmen. In Watcrford, again, I see the liandiwork of the 
Kilkenny craftsmen. In mentioning this, I do not wish to 



infer that one thing is a servile copy of another, but that 
is sufficient to load the enquirer to tho conclu-iion that a 
meu carried their art from place to place, and were esteeme 
their talent in architectural construction. 

Tho general details^ of Kilkenny Cathedral ar» much sii 
tlian is usual in English churches, owing to t!»;» hardness o 
materials employed, and limit(?d means ; but t'w.i proportioi 
in most Irish churches, aro very good, and tliL» simplicity 
massiveness of the work give an idL»a of sizo which elab 
tracery and multiplicity of mouldings, would not have prod 

Tho work of rMtoration has been pressed on with vi 
Tho roofs are linished, tho arches betwooi the choir and 
chapels opened, the prebend's stalls in hand ; still, mm*h roi 
to bo done. The tower must rest in its prcsiMit unfiu'shed 
until funds are collected for its completion. Cousidc 
portions of the common hall still exist, particularly the 
end, which has a very interesting window. 

At tho north-west angle of the Carln^dral Cloae is the lil: 
founded by Bishop Otway, 1G76. In mentioning the mo 
which his bequest was to be expended, he cnnmorates '• c 
for every particular book/* At the eastern corner of the 
transept stands one of the round towers almost peculi; 
Ireland, and so ably written on by the celebrated antiqu 
Dr. Petric, whose theory that they are of a Christian origni 
my opinion, tlioroughly borne out by the lbllo\vin:r facts. 
tower, which is one hundred feet in height, was filled to i 
siderable depth with accumulated rubbish, priucipallj 
deposit of birds. This was removed, and on digging tw^ 
below the outside level, human remains were discovered, 
tainod in wooden coffins, placed partly under the found a 
The tower must have been erected on, or nearly on, the !*i 
of the ground, which ground must have been a place of I 
previous to its erection ; and tho position of the remains, 
reference to the points of tho compass, indicates that they 
those of Christians. It is curious that a structure of such'l 
and small base, should have stood so well, resting on s 
foundation. 

Priory of St. John— The oldest monastic foundatic 
Kilkenny is tho Priory of St. John, founded by W 
Marshall, the elder, earl of Pemhroko. In 1045, whe 
abbeys of Ireland were everywhere being restored, the A 
tinians claimed their abbey ; but tho Jesuits, being the 
powerful body, opposed the claim, and wore conGrmeil in 
occupation by Rinnuccini, the Pope's Nuncio. Dr. Le 
states that a portion of the abbey was pulled down to make 
for an infantry barrack. Suflicient however, remains to 
much of its original extent and beauty. Fifty-four feet of 
side of choir is a continuous arcade of lancet windows 
largest pier being only nine inches wide. It is to be regi 
that, in converting this rum into a modern church, the wit 
havo been cut down, especially the eastern one, and 
second light stopped up. Theso ruins contain several i 
ments and effigies of great interest. The design of the eh 
liousp at the Cathedral was taken, evidently, irom the ch- 
St. Jolm's. 

liiE FBAycisc4N Abbby, situated among orchards nea: 
river, exhibits some interesting details. The east end is li^ 
by five lancets. Tho choir and tower of this abbey i 
remain. 

Thb Domintcax or Black Abbey, founded by W; 
Marshall, tho younger, 1225, has lately Iioen restored by 
MacCarthy, Esq., Architect, to whom I am indebted fc 
plan which accompanies this paper. It is interesting as she 
how the simple form of the Dominican or Franciscan cliu 
were added to, the most usual shape being two parallclog 
nave, and choir, sometimes with a narrow tower bet 
FrMjuontly this tower is an addition. In tho present ins 
tho usual addition of the two chantries has been extend 
aisled transept and nave. Tho top of tho tower is a partici 
good specimen of crenellated battlemi^nt and truncated roo 

St. Mary's has little of its original architecture t 
describing; the church has boon comolotely moderB 
Surrounding the church are several tombs of great inti 
principally of the lifteenth and sixteeth century, belongii 
the families of Archer and Shoe. 

(7b be continued.) 
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CELESTUL PHOTOGRAPHY. 

By A. Brothers^ F.R*A,a 

credit of bftviog produced the 6rst photograph of & 
lestial *»bject is geuemllv given to the Inte Mr. Bond, of Cam- 
liridge, U.8, ; but it uppeare from a imper by Proferisor H. 
Dmper, of New York, pobliahed in April, lti(>4, thnt iti the year 
1840 biB f-ither, Dr. J. W. Draper^ wna the first who succeeded 
m pboio^iphiDg the moon. Dr. Draper atatea that at the time 
DAOied (l*»40) it was generally aupp^aed the maon^s light con* 
teined no jictinic ray», and was eutireiy without effect on the 
illi«]lire silver eorapouiuis aaed in daguerreo typing. With a 
telaaoope of 5*inch aperture Dr. Draper obtained pictures on 
ttlver pUtes, and preeented theai to the Lyceum of Natural 
HlEttory of New York- Daguerre is stated to have made au un- 
succeaafnl attempt to photograph the moon, but I have been 
QQabl« to aficertaiu when ihiaexperiiuent was made. Mr. Bond*a 
pbotogrraphs of the moon were niflde in 18^W. The telescope 
tued by him w.is the Cambridge (U.S.) refractor of 16 iuchea 
aperture, which gave an image of the moon at the focus of the 
object glasa 2 inches in diameter. Daguerreotypes and pictures 
on glaaa mounted for the stereoscope were thus obtained^ ami 
[ae of them were sliowo at the Gi^at t^xhibiliou of 1851, in 
mdon. Mr. Bond also proveil the advantage to be derived 
icn photoj^r.iphs of double stars, and found that their distances 
uld be ranasured on the ptate with results agreeing well with 
obtained by direct measurement with the micrometer 
en the years IQoO and 1857 we find the names of Father 
Beecht in liome, and MM. Jierch ar>d Arnauld in France ; and in 
>n/iand Professor PhiUif>f4, Mr. Hartnup, Mr. Crookei?, Mr. De 
Rae, Mr. Fry, and Mr. Huggins, To these may be added the 
of Mr. Dancer, of Manche&ter^ who, in February 18*52, 
some negatives of the m<x»u with a 4i-inch object glass. 
They were amall, but of such excellence that they would bear 
eLaminatiou under the microscope with a 3-inch objective, and 
iboy are bc?lieved to be the first ever taken in this country. Mr 
Baxendeli and Mr. Williamj«»u, also of Manchester, were en- 
gaged about the same tioie lu producing photographa of the 
wooa. 

The first detailed account of experiments in celestial photo- 
gmpby which I have met with is by Profes-^r Phillips, who 
nttd nk paper on the subject at the meeting of the British As- 
•OMtioo at Hull, in 1853. Professor Phillips does not enter 
wmy minutely into the phot<»graphic part of the subject, but he 
givaa aome very usefal detaita of calculations as to what mny be 
eitpeeted to be »teeu lu photographa taken with such a splendid 
iiiflirtitnent as that of Lord Kosse. It is assumeil that an Image 
of the moon may be obtained direct of 12 iuchea diameter, and 
his when again mnguified sntficiently would ahow black tmnda 
^ yards acn»s9. What may be done remains to be seen, but up 
to ihe present time the Professor's anticipations have not been 
realised. We have next, from the pen of Mr. Orookes, a paper 
oomcpunicated to the Hoyal Society uf London, in December 
18fi6. Mr. Cruokea appears to have obtained good results as 
early as 1355, and, assisted by a grant from the Donation Fund 
of the i^oyal Society, he was enablwl to give attention to the 
ubjcct during the greater part of the year following. The 
•tiiils of the process employed are given in the paper with 
uoh minuteness. The telescope used was the equat^^rial re- 
Iraetorat the Liverpool Observatory, of S inches aperture and 12^ 
~ local length, producing an image of the moon 1*35 inch in 
r. The body of a small camera was fixed in the place of 
_ liece, au that the image of the moon waa received in the 
way oQ the ground glaM. The chemical focus of the object 
waa found to be S'lOtha of an inch beyond the optical 
i, being over corrected for the actinic raya. Although a good 
[clock movement driven by water power i« applied to the teleaoope, 
it waa found necessary to follow the moon's motiona by means of 
the alow motion handles atUiched to the right ascension and de- 
clinatioD circles, and this was effected by using an eyepiece, with 
ft power of -200 on the finder, keeping the croaa wirea steadily on 
ne fpot. With this instrument Mr. Hartnup had taken a large 
^umber of negatives^ but owing to the long exposure required 
le waa nut auccessful ; but with more auitable collodiou and 
chemical aolutious, and although the temperature of the obser- 
fatofjp waa below the freezing point, Mr. C rook es obtained denae 
M^^vea in about four seconds, Mr. Crookes afterwards en- 
tailed his negativea twenty diameters, and he expreaaea hia 



optnion that the magnifying ahould be condncted aimultnneoualy 
with the photography, by having a proper arrangement of 
lenaea, so aa throw an enlarged image of the moon at once on 
the ccdlodion plate ; and he states that the want of light could 
be 00 objection, aa an exposure of from two to ten miuutea 
would not be too aevere a tax upon a steady and akilful hand 
and eye. 

Mr. Grubb read a paper on thia subject before the iDublin 
Photographic Society on May 6th, 1857. After referring to the 
fact that he found the actinic focus of his object glass to be longer 
than the visual (thus agreein^r with Mr. Urookes) he states h to be 
generally understood that, in a compound object glass made as 
nearly achromatic a^ possible, the actinic focus is shorter than the 
visual. The must valuable portion of Mr. Grubb'a paper is the 
suggestion for a piece of apparatus to be atUached to the part con- 
nected with the telescope for holding the dark frame, which he 
proposes may be so arranged aa to follow the moon's motion in 
decliaation ; and he gives the following description of a oontri- 
vaaoe used by Lord Rosse, unci which ta suitable for teleaeo^ies 
not equatorially monnted : — "On a flat a nrfkce attached to the 
telescope, and parallel to the plaoe of the image, ta attache^l a 
sliding filate, the slide being capable of adjustment to the 
direction of the moon's path at the time of operating. The slide 
is actuated by a acrew moved by clockwork, and having a 
governor or regulator of peculiar con atructi on, which acta equally 
well ia all positions. The clockwork being once adjusted re- 
quires no change j but the inclination of the slide must be 
effected by trial for the moon's path at the time of taking the 
photograph." Thia »dea originated with Mr. De la Hue, J^ord 
Boeae'a share in it arose from his having applied a clock rantion 
tu the appariitus. The telescope uaed by Mr. Grubb ia 12i*, 
inches aperture and 20 feet focus, giving au image 2f^ inches 
diameter in from ten to forty seconda. Sir. Fry, in 1857, com- 
menced his experiments on the moon with an equatorial telescope, 
the pr^Fperty of Mr. Howell, of Brighton. The object glass of 
this instrument is 8| inches diameter and 11 feet focus, and gave 
au image of the full moon in about three seconds; but under 
very favourable circuraatawces a negative was made in a sincle 
aeeond, Mr. Fry appeal's to have lemoved the eyepiece of uie 
teleaoope, and in its place a board was fixed having a screw ad- 
justment, so that a plate holder could be moved backwards and 
forwards on the board (graduated to tenths of an inch) for tha 
purpose of finding the actinic focua, which waa J inch beyond 
the visual. He found that this position of the cbemic-d focua 
waa variable, owing, as he thought, to the varying distance of 
the moon from the eiirth, but, aa auggeated by Mr. De la Rue, it 
might arisu from the length of the telescope tube having altered 
through change of temperature. 

In 1858 Mr. De la Rue read au iraportaut paper before the 
Boyal Astronomical Society, from which it appears that the light 
of the moon is from two to three times brighter than Jupiter, 
while its actinic power ia only as 6 to 5, or to 4. Oo December 
7th, 1857, Jupiter was photographed in five seconds and Satura 
in one minute, and on another occasion the moon and Satura 
were photographed just after an occultation of the planet in 
fifteen aeoonds. The report of the council of the Royal Astro- 
nomical Society for 1858 contains the following remarks : — **A 
very curioua result, aince to some extent confirmed by Professor 
Secchi, has been pointed out by Mr. De la Rue, namely, that 
those portiona of the moon's surface which are illuminated by a 
very oolique ray from the aun possess ao little photogenic power 
that, although to the eyd they appear as bright as other portiona 
of the moon illuminated by a more direct ray, the latter will 
produce the effect called by photographers ' aolarisation,' before 
the former (the obliquely-illuminated portiona) can produce the 
£a.inteat image." And the report also auggeata that the moOQ 
may have a oomparitively dense atmosphere, and that there may 
be vegetation on thoae parta called aeaa. 

At the meeting of the British Aaaociation at Aberdeen, m 
1859, Mr. De la Rue read a very valuable paper on celestial 
photography. Mr. De la Rue commenced hia experiments about 
the end of 1852, and he uaed a reflectiog telescope of hia owu 
manufacture of 13 inches aperture and 10 feet fucal length, which 
gives a negative of the moon averaging about j^^ of an inch ifi 
diameter. The photographa were at firat taken at the aide of the 
tube after the image had been twice reflected. This waa after- 
wards altered ao as to allow the Image to paaa direct to the 
oollodion plate, but the advantage gained by thia method waa 
not ao aatiaCactury aa was expect^ la taking picturea at the 
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ie of the tube, a wnall camera box was fixed in the place of the 
ye-ptece, and at the back a amail compound microscope waa 
altached, so that the edge of a broad wire was always kept in 
contact with one of the cratefs on the moon's eurface, the image 
being seen through the collodion film at the same time with the 
wire in the focus of the micrnacope. This ingenious contrivance 
iu the absence of a driving clock waa found to be very efleciua), 
and some very sharp and beautifuL negatives were thus obtained. 
Mr. De la Rue afterwaxnls applied a clockwork motion to the 
laleicope, and his negatives taken with the same instrument are 
as yet the beat ever obtained in this country. The advantage of 
the reflecting over the refracting telescope is very great, owinff 
to the coincidence of the visual and actiuic foci, but it will 
presently appear thiit the refractor can be miide to equal if not 
pxrT'J the work of the reflector. In this brief history of the 
■5 of celestial photography, I have not referred to anything 
J has been done in making photographs of the solar spots, 
but the matter must not be altogether passed over* The first 
step iu this direction appears to have been taken in France, in 
1845, by MM, Fizeau and Foucault, but it is chiefly due to the 
cflbrts of Mr. Be la Hue that so much useful work has been done 
in heliography. In I860 Mr. De la Hue and his staff of as«ia- 
tants performed one of the greatest feats yet recorded in this 
branch of the art of photography, having succeeded in oblaining 
several beautiful negatives of the various phenomena 8t*eu only 
p^duriog total eclipses of the suu, and two ueg^vlives were obtained 
'ariDg the totiutty. One question of much interest to astro- 
omers waa determined by this gi*eat experiment. The red 
prominences or flames generally seen as issuing from the edge of 
the moon were proved to belong to the sun. Photographs of the 
BUn are taken daily, when the weather is favourahlei at the Kow 
nbser^'atory, and also by Professor Selwyn, at Ely. With the 
Kew photoheliograph, pictures of the so ifs spots have been made 
on the scale of 3 feet to the sun's diameter. Much, however, 
remains to be done. The light of the sun is much in excess of 
what is required to obtain a collodion picture, so that the loss of 
light consequent on the necessary interposition of leases, and the 
distance of the plate from the instrument, can be no objec- 
tion; and for these reasons 1 have very little doubt that, with ap- 
paratus suitably arranged, photographs of spots and groups of 
sprits will be obtained of very much larger diameter than any yet 
taken. 

The * Quarterly Journal of Science/ for Apiil 1864, contains 
the next imfiortant paper on celestial photography. It is by Dr. 
Henry Draper, one of the Professors at the New York University. 
Ou his return to America, after paying a visit to Parsoustown, 
where he had the advantage not only of making some observa- 
tions with I/onJ Kosse's large reflector, but also of seeing iho 
method there pursued m grinding and polishing mirrors, stimu- 
lated by what he had seen, it was determined to build an obser- 
vatory, and to construct an instrument to be devoted solely to 
celestial photography. The speculum used by Dr. Draper is 
L>4 inches in diameter, and 12j feet focal length ; but this was 
afterwanls superseded by one of glass on Koucault^s f>rinciple. 
The great labour involved in a work of this character may be 
judged of by the fact that Dr. Draper ground and poltshe<i more 
than 100 mirrors, varying in diameter from VJ inches to J inch j 
but he appears at last to have secured a good instrumeui. The 
chief points to be noticed in this article are, that instead of 
driving the telescope in the usual way by means of a clock, the 
frame carrying the glass plate was made to move on the plau 
previously referred to. Instead of clockwork to effect this motion, 
iU instrument called a *' clepsydra" was used. It has a weight 
and a piston rod, which fits into the cylinder filled with water, 
which is atlowed to escape by means of a stopcock, and can be 
regulated with great eiactneas, so as to follow the object. The 
U'ge number of 1200 negatives are stated to have beeu taken at 
his observatory, some of which would bear magnifying twenty- 
Sve diameters (the paper says, times, but I assume this to be aa 
error, as a negative must be vtjry bad if it will not bear more 
than five diameters, or twenty-five times). As the average size 
of the negatives was 1y*cj inch, an increase of twenty-five 
diameters would give an image of the moon nearly 3 feet in 
diameter. I have not seen the prints from these negatives, and 
h»ve never heard anything of the quality of the work prtxluced 
by tilts i^lescot>e ; but it may be stated that Di:', Draper writes aa 
if the* negatives were of the best quality, and encourages others 
to follow his ejiample. Nearly a quarter of a century has elapsed 
eiuce the moon was first photogrtiphed in America, and our 



friends on that side of the Atlantic have not been idle in the 
interval. To an American gentleman we are indebted for the 
best pictures of our satellite yet produced, and it is difficult loj 
conceive that anything superior can ever be obtained? and yetj 
with the fact before us that Mr. De la Hne*s are better than anjf 
others taken in this country, so it may prove that even 
marvellous pictures by Mr. Kutherford may be anrpaased, 

Mr Eulherford appears, from a paper iu the * American| 
Journal of Science,* for May of the present year, to have beguu 
his work in lunar photography in 1858, with an equatorial uf 
Hi inches aperture, and 14 feet focal length, and corrected in the 
usual way for the visual focus only. The actinic focos waa foundl 
to be ^5 inch longer than the visual. The instrument gav0| 
pictures of the moon, and of the stag's down to the fifth magni- 
tude, satisfactory when compared with what had previonsly beeni 
done, but did nr>t satisfy Mr Rutherford, who, after trying tal 
correct for the photographic ray by working with combinational 
of lenses inserted in the tube between the object glass and 
sensitive plate, commenced some experiments in 1861 with a 
silvered mirror of 13 inches diameter, which was niounte<i in a 
frame and strapped to the lube of the refractor. Mr. Rutherfoni 
enumerates several objections to the reflector for this kind of 
work, but admits the advantage of the coincidence of foci. The 
reflector was abjiudoned, and a refractor specially constmeted 
of the same size as the first one, ami nearly of the same foca] 
length, but corrected only for the chemical ray. This glass 
was completed in December last, but it was not until March 6th, 
lh(>'% that a aulliciently clear atmosphere occurred, and on that 
night the negative was taken from which some prints were 
msde, which were exhibited at the meeting. 

Every writer on this subject speaks of the difficulties encoun- 
tered from optic'il, instrumental, and atmospheric causes; and 
to this may be attributed the fact that we have so few of onr 
amateur astronomers givirg their attention to the subject. 
Another rejison may be that comparatively few of those who 
possess telescopes may have the necessary photographic know- 
ledge; but surely some fiiend having this knowledge roipbt he 
found who would be willing to spare a few hours occaaioniilly^ 
to assist in taking negatives of the stars, planets, or of th«^i 
moon. The reason, then, why this subject is brought before ^H 
your notice in this paper is, that it is believed that the apparatus ^P 
I use is — in some particulars^ — more simple than any heretofore 
described, and as it can be used with any kind of telescope, i 
greater number of amateurs than are now engaged in it tnay^ 
be induced to follow this fascinating branch of photography. Hi 
will have been noticed that when particulars of the apparatus j 
have been given, the writer has spoken of a tmall camWt, which 
has been fixed at the eyepiece end of the telescope. Al to how 
this was effected I have seen no description, and aa no aunera 
box is required I need not enter into any supposition V to 
the mode in which it may be done. Before deciding whawas 
necessary to be done, it occurred to me that the telescope iT 
itaelf is the camera, and all that waa required was the me 
of fixing the dark frame or plate holder. If the telescope! 
pointed to the moon, the eyepiece i^moved, and a piece 
grotfud glass held between the eye and the aperture, the imal 
will be seen on the glass, and we require then the means 
holding the scnwitive plate steadily near the same place, 
that is needed is a brass tul>e about four or five inches long 
of the size exactly fitting the tube of the telesoope in the pis 
of the eyepiece. In some cases the sliding tube of the eyepiece! 
may be unscrewed and useti for this purpose. At one end of I 
this tube a thread is cut, and is made to screw into a piece of I 
metal plate (in the centre of which is a circular aperture off 
the same size as the tube), of the same dimensions as the dark 
frame. Attached to the plate holder ajre dips accurately fitting 
the brass plate, but so that the frame will easily slide 00" and 
on without disturbing tlie telescope. This is all the additional 
apparatus required to enable photographs of the moon or any 
other celestial object to be made. A separate frame for the 
ground glass is not necessary, it must be cut to fit the dark 
frame, and while in nse can be held by slight springs fixed 
inside the frame at the sides. 

The method for ascertaining the actinic focus may be stated 
in a few words. With the rack motion adjust the focus for 
distinct vision on the gix>und glass, and then mark the tube 
and also the sliding part of the telescope. Although very 
unlikely to be of the slightest use, unless taken with a refiectiug 
telescojiej a picture may now be taken; it will at least serve to 
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of the proper exposure. If the chemical and 

not coincident the image will have a blurred 

"f f" . :]MM = t!- the next plate tarn the ad justiog 

] ji ■ liij U 1 uibe about the sixteenth of an inch> 

uaiilf by the ^ivater dij^tinctneas of the image, 

the chemical fociia id foumi. At every change 

si i -lit mark should be made on the ttibet and 

iH is satisfactorily deterDiiued the marks should 

.:, visible; and in all future experiments with 

Ljr I I f r]je focus will be atwAja at or very near 

.SiiuuKI it be fouud that the iudistiiictnesB 

■11 of coum© be found necessary to try iu the 

The appearaneea arising from atmospheric 

'e vavy much the same ns when the object is out 

ience alone will enable the operator to determine 

LiBe the defect proceeds. It is assumed that the 

jvided with a driving clock; when such is the 

« should be taken that all tlie parts are clean^ 

eaaary, oiled or greased, so that the motions may 

IS f>t>ssible. 

)hs of the moon in the phases prior to and after 

side opposite to the sun is always too light 

•' while those parts near the terminator are 

that only the tops of tlie craters and peaks 

though in the telescope a clear and bright 

seen. The cause of this must be that the 

m tinned long enough to brio^ out all the eye 

barker side, would entirely obliterate the details 

f ilhmiiuated portions of the moon's suiface. Mr 

iggealion as to why the dark side of the moon 

Bic effect^ baa been already referred to. I would 

I the light of the full moon is 100,000 times 

^t of the snn, the twiJight* on the muoii^s surface 

oeh leas, and consequently the actinic effect of the 

I iu the same way as at a corresponding time on 

t question, then, of photographing the terminator 

jBoe, and jn order to remedy the defect spoken of 

I have used diaphragms such as are shown in the 

the tube £, openings are made on opposite sides, 

% to admit the diaphragms to be used without 

le. The diaphragm must be of the proper length 

ilit off the moou^s light until the plate is ready for 

shape of the diaphragm will suggest which form 

I according to the moon's age. The exposure 

with the full aperture for as many seconds as 

ments have proved to Ije necessary for the briglit 

Iphnigm then gently moved and kept in motion, 

Wchiug the darkened side. By this means the 

Im^ulated, and the great differences in the light 

^Hb moon may be modified. 

HHb employed, each experimenter must adopt 

fro his hands gives the beat result It seldom 

ro operators can produce the same effects with 

lame chemicals. Experience has shown me that 

tent plate glass (carefa I ly selected, so as to be free 

ind other defect*) is preferable to the white patent 

And that after a time the surface becomes covered 

dew, or "sweat," as it is termed, owing to the 

'some of the salts used in the manufacture. The 

ras made for me by Messrs. Huggoii and Co., of 

r quick, fre^ from structure, and suitable for iron 

prefer to develop with an iron solution, using 

cover the plate; and with this developer and 

the plat© has been properly exposed, a negative 

which will not require intensifying afterwards. 

sufficient experience with pyrogaDic acid, I cannot 

ifidence aa to any advantage it may possess in 

Ire to the negative. With the bath and collodion 

proper state, there is no doubt that wiih this 

may be had as quickly aa with iron; but it is 

It to have ever>^thing constantly in the best 

Unless the greatest attention be given to this 

of exposure is so much increased, that iron, for 
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this reason, must have the preference. Upon the character of the 
image after development entirely depends the value of the 
enlargement to be made from it, and iu this direction there is ] 
much room for improvement. Even in the best negatives yet' 
made defects from this cause are very apparent. The microscopic 
photographs by Mr. Dancer have the finest textnre, and will 
consequently bear greater magnifying than any other photo- 
graphs I have ever seen, but the process by which they are made 
is not published. 

The weather in this country is so very uncertain, and success 
in this branch of photography is an entirely dependent on the 
state of the atmosphere, that it is necessary to be always prepai-ed 
to take advantage of a favourable nighL I have a small cupboard 
placed in a w>nvenient part of my house, where there is a supply 
of water, and the temperature is always much above the aiV 
outside. This cupboatxl is just large enotigh to hold a smalt glass 
bath fixed at the proper angle ready for use, also the bottles for 
collodion, bath, developing and fixing solutions, and other little 
reiiuisiles. This arningement is so convenient, that when there 
is a prospect of getting a negative I can set the telescope, prepare 
the plate, and take a negative in less than ten minutes. Bat 
when there is a chance of two or three hours' work an assistant 
is desirable, iiS the best results can only be obtained when one's 
attention is chiefly devoted to the careful adjnstraent of the 
Apparatus connected with the telescope. The convenience of the 
plan adopted may be judged of by the fact that, on the evening of 
the partial eclipse of tiie moon, the 4th October last, in foar 
hours I succeeded with the help of two assistants in taking no 
less thau twenty negatives, and the telescope was several times 
disturbed to oblige friends who desii'ed to see the progress 
of the eclipse through the instrument, but the a ppn rata a was 
quickly readjusted, although possibly in some cases with slight 
loss of definition in the negative, through haste. At a previous 
meeting I described how these negatives were made, but it may 
be interesting to refer to the lact that, while the fifteenth of the 
series was taken the telescope was at rest The clock had been 
disconnected for re.idjuatnient, and it was forgotten when the 
plate was ready for exposure, consequently the moon had moved 
partly off the plate, and the uegfitive shows a portion only; ba- 
the exposure was so short that the eye fails to detect any diffet 
rence in the sharpness of this and the others, which were all 
taken when the clock had been watched and carefully regu- 
lated for the moon's motion. Thiii fact is, I think, of bome 
interest, aa it shows that about the time of full moon, when 
the light is of the greatest intensity, pictures may be made 
with telescopes not equatorially moanted. My telescope is a 
refractor of 6 inches aperture and 6 feet focal length, giving an 
imige cf the moon, aven^giug about |J of an inch in diameter. 
The actinic focus is one-tenth of an inch longer than the visual. 
The object glass is of Munich mannfncture, and is mounted by 
Mr. Dancer on the Sisaons, or English plan, with double polar 
axis. The hour circle is 26 inches in diameter, and is 
used also as th#* driving wheel, having teeth cut iu the edge, 
in which a screw works, connected with the driving clock by a 
rod, and which can be instantly disconnected by means of tk 
cam, The object glass is an excellent one, and the mounting 
is everything that can be desired. 

The negative taken direct in the telescope is but one st^p 
towards what we require, that is, the enlarged copy on paper. 
From the small negative a positive on glass roust be made, 
say of twice or three times the diameter of the original. It 
will be quite unnecessary here to explain how the enlargement 
is to be made; but I may remark that the negative should be 
placed with the film side towanls the copving lens, and the 
resalting positive copy mast also be placed in the same way. 
The enlarged copy or negative will then give the true telescopic 
appeai-ance of the mcoo. In the print of tlie full moon by Mr 
IfuLherford a mistake has been made, arising from the negative 
or positive copy having been placed the wrong way, and con- 
sequently the moon looks aa if it had been photographed from 
the opposite side. The print is a very beautiful one in other 
particulars, but entirely worthless aa a picture of the moon, as 
the eye can never see it as there represented. I have sometimes 
taken two negatives on the same plate. It will be seen in the 
engraving th.it the dark slide is not quite central with the 
telescope, so that by r^versiu^ the plate after one exposure a 
second picture can lie tal^n. In photographing the planets Mr 
l>e la Rue has allowed the object to move on for a few seconds, 
the telesoope meanwhile being at rest, and thus four or fiv^ 
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„effftttves can be takea in ^h verjr Bhori time on the same plate. 

It has cMJCurred to me that by having a frame made " laiidBcape" 

ay, instead of upright, and in pbce of haviog foar clips tach as 

', there might be a kiod of groove at top and bottom, ao that 

-er taking the first negative, and the light shut off, by moving 

lie plate about an inch, at leant three negatives might be taken 

a the same plate^-or a " shifting back*' might be adapted. The 

ivantages of this plan are that differeut exposures might be 

ried, and the development cautinued for the one or two which 

romised the beat results. This method would effect a great 

aving of time, which on a fine night is of great importance. 

With a Barlow lens I have made some negatives, which have 

&howQ th.at when the aime care has been taken to find the 

actinic focus negaiives of a mnch larger sijse may be made, anti in 

a very short time. The image is increased from U-16ths 

to 1^ inchy and the time of exposure at full moon was two 

seconds. The fittings of the lens are so arrangetl that three 

different sized negatives may be takes. 



UNSINKABLE OR HAFT SKIPFING.* 
By Charles ATnERTON. 
Toe aggressive powers of ordnance rersug the defensive powers 
of iron armour plating still constitutes, after years of experience 
and millions of expenditure, an inquiry, the solution of which 
fluctuates with every alternate test of their relative capabilities. 
The introduction of armour plating induced improvements in 
ordnance; the ironsided floating batteries, which sncoeasfuUy 
withstood the fire from the Kilburn Fort in 1855, originated and 
succumbed to the more effective gunnery of 1859, The resisting 
p-w^r of armour plating was consequently increased, and the 
I inch armour of the "Warrior** was for a time regarded as 
iuvuluerable, until the gunnery of 1862 sent both shot and shell 
through the then moat approved model of the ** Warrior" target. 
Attention was then directed to improving the quality of the iron 
wliich constitutes the armour plating of ships. The relative 
ethcieucy of hammered plates, as compared with rolled plates, 
was duly i n vest igji ted, and in the lately launched ship ("Bell&- 
rophon") the thickness of the armour plating has been increased 
to 6 inches, with an inner plate of U, making 7 J inches; but 
now, again, guns throwing shot or shell of 320 lb. weight are 
found to prevail, and consequently the "Hercules," now being 
laid down at Chatham, is said to* have been designeti to carry 
armour plating of the aggregate thickness of 9 inches, but guns 
to carry shot of 600 lb. weight are also being prepared, and 
1 200-poundera are aaid to be in contemplation, and with little 
doubt of their being successfully introduced, fnr the whole matter 
of practical gunnery, as respecls the required quality of materials 
and the relative proportion of parts to produce any desired effect, 
is now prosecuted on principles based on the ascertained laws of 
progressive increase, whereby it Is confidently expected that guns 
mny henceforth be constructed of the required capabilities for 
penetrating any armour plating of which the thickness may have 
been determined upon. In short, practical gnnnery seems now 
to have become one of the exact sciences in the prosecution of 
which, wnth a view to the attainment of any given result, there 
is no limit but cost But this is not all We have hitherto 
aimed at rendering only the sides of ships invulnerable, and 
granting that we may attain that end, what of it ? What is there 
to prevent mortar practice being revolntionised, as has been the 
case with gunnery / Ships may thus be assailed by a new era in 
mortar practice, hurling down thunderbolts from above, smashing 
the deck, carrying all before them, and passing through the 
bottom of the assailnJ ship. No constniction of vessel has yet 
been devised to meet this mode of attack, so manifestly possible, 
and therefore so probable, and which, whenever adopted, will 
again necessitate the reconstruction of our ships of war. Whilat 
thus threatencii from above, we are also threatened with being 
assailed from below. Ships are now being constructed with sub- 
merged peaks for bursting through the sides of vessels below the 
level of the armour belt — a foul blow insidiously applied, yet 
lawful by the code of relentless naval bononr. Then again, the 
possible introduction of the steam ram, with monstrous powers 
of collision, combined with exploaioD, is not to be ignored. Now, 
how are the eflects of these aggressive forces to be met or averted i 

* r«per rewi «i the MojnX Uailed Serf ioe Initltatiisi, 



and in reply I propound the quefition — m:iy not the princi|l 
ratViike unsinkabiiity be combiue<l with the partial prot( 
afforded by armour pUtiog, by which combination the 
mortars, and rams of our opponent may do their worvt, 
still our vessel shall not sink? By this device there may* 
still be some chance of hostile ships being lasbed alongside 
each other, and victory determined not by the fire of guna, or 
the bullying of the ram, but by the arbitrament of hand-to-hand 
personal prowess* 

My purpose, therefore, now is, to bring forward f<fvr review 
those elemental bases, a knowledge of which is xieceasary, in J|, 
practical point of view, to a due couBideratiuu of the question 
whether resistance by armour plating being supplemented wit^ 
the introduction of the principle of "unsinkabiiity/' do^ nolj 
afford the moat available means as applied to ahi\m of war fo| 
mitigating the horrors that may otherwise result from tb^ 
destructive powei*8 of modern ordnance and modern device, ooH'^ 
sequently whereon it huM already been publicly avowed, tba 
butitile ships of wur will scarcely be able to approach each otha 
without one or the other being tent to the bottom. lapuraa&no 
of these views I proceed — 

L To explain the theoretical principle of procedure by whiehJ 
as distinguished from other plans, I propose to effect the obje " 
of preserving ships afloat, notwithstanding the penetration of 
shot or shell through the sides, deck^ and bottom of the ship. 

2. To give the theoretical elements, data, and calculations oo^H 
which the efficacy of the proposed system is based, and show tb^H 
general mode of practical construction by which the principlft^^ 
may be applied to mercantile shipping and to ships of war. 

Variuus devices have from time to time been adopted for miti- 
gating the danger of sinking to which ships, and especially steam 
ships, are liable fnnn the occurrence of leakage, rupture from 
striking on rocks, collisions with other vessels, derangements of 
machinery, and other accideutid causes. These devices havo^ 
hitherto consisted in dividing the ship into compartments and 
cellular divisions by means of water-tight bulkheads. Also, inl 
constructing the ship with a double skin or shell, and dividing 
the spice between the two shells into water-tight cells. These 
devices affoi-d great protection against ordinary casualties, which 
usually occur singly, and affect the ship only at one spot; but 
such cases are not analogous to the dangers resulting from thi' 
repeateij and continuous damages from shot and shell to which 
ships of war are exposed in action, and whereby all pary of tba 
ship may be penetrated, lengthways, cross ways, and veKicallyJ 
through and through, in a single hour. Several such comf>ait 
ments or cells may be penetrated by a single shot and becomftj 
immediately filled with water, and this oeing repeated, thej 
buoyancy of the ship becomes gradanlly reduced, till she uili'| 
mately sinks. This system of cellular air spaces may greatly 
mitigate the danger of sinking, and prolong the floating of ihel 
vessel, but it cannot be said that such ship^i are unthinkable by] 
shot. 

The system which I propose may be denominated the solid 
raft system, to distinguish it from the hollow cellular systen 
above referred to, and it consists in combining with the structural 
of the ship such a quantity of solid and non-absorbent materials,! 
lighter than water, as sliall support the whole weight of the ship^ 
and its loacl, whereby the vessel shall not sink, though perforated 
in all directions by shot and shell, or cut down by the stroke of 
a hostile ram. 

Theoreiicui E twenf#.-— The practical construction of raft sbic 
ping with a view to carrying out the principle of ** uusiukability/ 
must evidently be based on calculations involving the weight 
specific gravity of the materials of which the floating body is 
be composed, with reference to the weight or specific gravity ( 
the fluid on which it is intended that the vessel shall float, aod^ 
which in this a\se we will assume to be fi^sh water, which will 
give about 2'4 per cenL of the displacement in favour of the 
buoyancy of the vessel when floating in ordinary sea- water. That 
is, a ship which would carry, say lODO tons weight, on a freah- 
water river, will, at the same draf^, carry a loful of 1024 tons 
at sea; and the materials used for ship-building being, as respecta 
their specific gravity, of a fluctuating character, dependent on" 
their quality and condition, it follows that different authoritie 
have not always assigned the same specific gravity to timber 
the same denomination^ The following table is therefore annexed^' 
A8 the basia on which the reaulta put forward in this paper bave ' 
been oalcalated: — 
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Nov, us the weight of any fioating body is equivalent to the 
weight of the quautity of fluid displaced by the tloiiliyg mass, it 
follow? that the load which will h& auppiorted by a cuhic foot of 
any material of less specific gravity than water, when floating on 
water, will be equal to the weight of a cubic foot of water less the 
weight of a cnbic foot of the floating material; consequently, 
from the foregoing table, we at ouce detiuce the weight that 
would be supported by each cubic foot of the ditlerent materials 
referred to in the table, when immersed in frcab water, weighing 
6^ Ibu per cubic foot For example: — 

lb. 

Each cubic foot of oak wiE carry a load of 62 4 - 60 = 124 
teak i 

mahogany [ „ 624-44 = 184 

„ „ red pine „ 624'-41=:2l4 

„ „ yellow pine „ 624-35 = 274 

„ „ white pine „ 624-28 = 344 

^ „ poplar „ 624-25 = 374 

„ cork ., 624-12=604 

Hence we deduce the following table, showing the number of 
cubic feet of each of these materials which, if used as the buoyant 
material of raft shipping, must be employed to support each ton 
weight of load with which it will be burdened. 

For each ton weight of load there will be required as follows: — 



Cubic fcot. 
179 

121 



If oak be used as the buoying material 
„teak 1 

I, mahogany ^ 

„ red pine 108 

„ yellow pine ... ... ,., ... 82 

f, white pine 65 

„ fjoplar *, 60 

„ curk ... « 44'86 

Thus it appears tliat the advantages of cork as compared with 
oak tor the floating material is as 179 to 44*U6, or about 4 to 1, 
M rrapectfl quantity to be employed for supporting any given 
■ load, and ai 80 to 48, or about 16 to 1, as respects tbe weight of 
naterial for any given load. But cork^ or any other material of 
"be same specific gravity as oork» may require the support of 
EI6 bonding material to give it the aL>lidity which is desirable 
»r its ooDstitviting the buoyant material of raft shipping. It is 
I obable that cork and timber may be advantageously built Into 
be ship in alternato layers, whereby a light compound mass, 
pell bonded together, may be formed. The results shown in the 
Mlowing table will theiefore be useful: — 

Table thowiog the proportions of cork and different kinds of 
materials which will form a compound mass of one-fourth the 
eifio gravity of water, the specific gravity of the various mate- 
\ being taken as shown in Table A;^ 
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It thus appears that a compound mass oue<tourth the specific 
grttvttv of frejh water may be formed by combining 



G^bic test 
10 Cubic feet of cerk with 077 or 37 lb. of iron 
er ff ,t 1*05 cubic feet of oak 

$t II *$ 1 *o tt teak 

i» t, ff 1'28 », mahogany 

It t$ t» 1*-^ ft *ln^ 

II tt M ^''^^ tt ^^ ph^® 

ff t> it 1*87 „ larch 

tf II i> 1'87 I, yellow pine 

II ,1 »i 2'OS t» white pine 

ti ** II 8'88 „ poplar 

Hence we see in what proportions of thickness alternate layers 
of cork and other materials may be used to foi'm the buoyant 
material of raft sliipping, such that the average specific gravity 
of the mass shall be only oue-ftiarth of the specific gravity of 
water. For example, a layer 10 inches thick of cork, or other 
niateriai of the a^oiie specific gravity, may be alternated with 
•08 inch of iron, or 1'05 of oak, or 1*28 of teak, mahogany, or 
elm, or 1*43 of red pine, or 1"67 of larch or yellow pine, or 2*93 of 
white pine, or 3' 83 of poplar. 

Whence it appears that if cork at 12 lb. per cubic foot, or other 
material of the same specific gravity as cork, be used for our 
buoyant material, every en lac yard of snch material may, when 
built into the ship, be bonded together with 100 lb. of hoop- iron, 
producing a well-biouded mass of buoyant material, of which the 
specific gravity will be one-fourth that of water, and of which 
each cubic foot weighing 15*625 will carry a load of 46*875 Jb, 

Seeing now, from the foregoing tables, the great advantage of 
employing substances of light specific gravity as the buoyant 
material, it will become important to ascertain what substances 
or prei>aratioo8 of material will be available for the purpose 
referred to. There are many vegetable productions of tropical 
growth of a specific gravity nearly the same as that of cork, 
which productions may, like cork, be so pretmred and manufac- 
tured as to form masses or blocks, of any definite size, convenient 
for being built in layers of definite thickness, into the hold of a 
vessel, and so chemically treated as to be untJiflammable; such 
masses, manufactured by the aid of machinery, may be produced 
at probably a cheaper rate than cork, and be equally serviceable* 
Moreover, as an example of manufacture, small boxes of suit- 
able dimensions for being laid by hand, like bricks, may be 
formed of white pine, poplar, or other light wood, which would 
constitute a cellular mass of extremely light specific gravity, and 
which, if used in those parts of the ship least exposed to shot 
and shell, would be available for forming the buoyant medium 
of raft shipping. It is therefore, suggested that if premiums be 
awarded for the discovery and production of buoyant materials, 
whether in their natural condition, or manufactured suitable for 
the purpose referre^l to, a choice of such material would be pro- 
duoed whereby dependence on any one kind would be obviated, 
and various materials fit for the purposa would be supplied at 
their fair market value, based on the cost of production. The 
specimen of buoyant material submitted herewith, six inches 
square and three inches thick, weighs 10 ounces, being at the 
rate of 10 lb. per cubic foot, or about one^sixth the specific 
gravity of water; consequently, we may calculate on the buoyant 
material for raft shipping being prepared and cemented in place 
at the average weight of 15 625 lb. per cubic foot, being one- 
fourth of the specific gravity of water. The buoyant power of 
such material will be 46 875 lb. per cubic foot^ exclusively of its 
own weight, and each ton weight of burden will require 478 
cubic feet of such material, and the weij|ht of the material itself 
will be at the rate of 143'30 cubic feet per ton weight. 

Pradicai Conniructum. — We now proceed to explain the prac- 
tical construction (jf raft shipping with reference to its buoyant 
properties, such being necessary to enable us to arrive at some 
definite conclusion as to the mercantile effectiveness of such 
vessels for carrying weight of cargo with reference to their size 
as expressed by displacement, and also to determine, in the cane 
of gunboats and ships of war, the definite weight that can be 
allowed for armour plating, with reference to the size or load 
displacement of the ship, whence the extent of annament and 
ammunition which the ship can carry may be deduced, for it is 
presumed tbr^t the guns and crew of such vessels should be fenced 
m by armour plating equally with their opponents. Protection 
from sinking is the object which we seek, and we require to know 
at what haerifice of capability for carrying weight of cai^i in 
the case of mercantile ships, or of aggressive annament lu the 
case of ships of war, that protection is to be obtained, 
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Having predetermined that the length of our ship shall be aix 
limes the bread th^ and the depth one-tbird the breadth, aod that 
the Uqgs of the vessel shall be aucb that the dtaplncemeot 
erpressed in cubic feet sh.ill be one-half the product of the length, 
breadthi and depths we know from these data that, to obtain a 
dieplacemetit of about 2500 tons, the breadth most be about 45 
feetf tbe length 270^ and the depth 15 feet. These dimeusiona, 
under the abnve-meDtioned conditions of construe tiun, give the 
iramersed hull a cubical content of 91,125 cubic feet, which, 
dirided by 36, the number of cubic feet in a ton weight of fresh 
water, gives 2531 as the diaplacemeut of our ship io tons weight, 
and consequently the total aggregate weight of our hull, buoyant 
pfn^kiiig, packing for aurpltia buoyancy, engines, coals, ahip'a 
Mtoreft, armour plating, arinament and aroraunitjoD, such being 
the entire w*nglit of the ship aud its burden, and we propose to 
treat of each of these items separately. 

1. The HulL — For the sake of strength combined with ligbfc- 
DdSB, we may suppose the shell and frame of the hull to be of 
steel, lined or planked inside with timber, and as the buoyant 
male rial with which the vessel is to be packed will greatly 
atrengthea the shell of the vessel, we may assume the weight of 
the hull (including rig and equipment^ but not including armour 
pLnling, armament, ammuDitiou, or other! stores) to be 25 per 
cent, of the load displacement, amounting in this case to 633 tons 
weight. 

2. The Bimyant Packing, — Thia packing, on which the buoy- 
ancy of the ship is intended to depend, must be in such balk, 
with reference to its specific gravity, that when floating in water, 
it will uphold from siuking the entire weight of the ship and ita 
burden, consequently the bulk of the packing must be at least 
equal to the load displacement of the ship, being iu this case 
S»l,12rj cubic feet, which quantity is represented as tinted pink 
on the drawing; and the specitic gravity of thia pricking b^ing 
one-fourth that of water, its weight will be one-fourth of the load 
diJiplacement of the ship, or G33 tons weight. 

3. Sftrplue Buoyancy. — We have hitherto made provision only 
for siK'h quatitity of buoyant packing an would merely float tbe 
ship, hut iu the case of ships of war prtrttons of this packing may 
be blown away by the explosion of hIipIIs, which may have 
lodged in the body of the mass^ it is, therefore, pro|K>sed to allow 
20 per cent, surplus buoyancy, coloured light pink on thedi'awing, 
amounting to 18,223 cubic feet, the weight of which is 126 tons, 
llie Jiame being 6 per cent of the displacement. 

The centre of gravity of the hull and packing, amounting to 
1392 tons weight, is shown on drawing. 

4. Machinery, — It is proposed that this vessel of 2617 tons^ 
builders' measurement, or 2531 tons displacemeut, be supplied 
with eugiues suitable for propelling the ship at the speed of about 
12 knots per hour, requiring 316 h orse- power, workiog up to 
ir>8t) iiid. horse power; the weii^ht of the machinery complete and 
in working condition will be 316 tons weight, being 12^ per cent, 
of the total displacement. 

5. CoaU. — One ton of coals per nominal H.P. will give about 
six days* supply at full ateaming power, amounting to 316 tona, 
bffitig I2i per cent, of the total displacement, and as the weight 
of the machinery and coals is necessary to the sUibility of the 
ship, it is desirable that the coals be stowed in the lower hold^ 
and the coal-bunkers be Stted water-tight for the reoeplion of 
water-ballast. 

6. 7, and 8. tStoret — Armour -Plating — Armament and Ammuni- 
lion. — Having already appropriated, as above shown, no less than 
MO per cent, of the load displacement, we have now left only 20 
per cent., amounting U> 507 tons weight, to meet the requircmeuta 
of ship^s stores, armour-plating, arman^eiit and ammunition. The 
proportion in which these tbn?e items are to be distribnled 
eiitirely depends ou the intended armament for the ship, and the 
thickness of armour-plating which maybe considered suffirieut 
for the intencied service. We may, however, asaume the diatribu- 
tiou as follows: — 

Ship*» fftor«ff 2 percent., amounting to 51 tons. 

Armonr-piating 12 per cent, amounting to 304 tons. 

Armament and ammunition 6 per cent., 152 tons, of which the 
centre yf jfravity is shown on drawing, 507 tons. Hence the 
foregoing scale of appropriatiou of displace mettt gives as followa^ 
viz.;— 



Hull ,.„... 25 per eeoi^ weighing 633 (mis. 1 

Packing ., 25 ,, „ 6SS „ [ 18d2 

Sarplu§ packing 5 „ „ 12tf „ ) 

Machinery 124 n „ »l« ♦, l sSl 

ShipH Btores 2 „ „ 61 „ ) ■ 

Armament k Ammunition 6 ,» „ 152 „ ) ^M 

100 IHapt. 8&31 

From tlie above scale of appropriation of displacement the 
following talile has been deduced, showing the weights available 
for armour-plating, armanent and ammunition, the vessels 
varying from 257 tons displacement, to ships of 10,368 tona 
displacement, the largest size now built, whenco we may aee 
approximately what amount of armour-plating is avaXLible for 
ships of diflei'eiit sizes, and thence determine whether »nch 
ves^^els will carry out the object we may have in view. The 
weights shown as armour-plating, armanent and ammunition in 
the following table, constitute the tons weight of cargo whidi^ 
would be carried by the ship if fitted for merchant service* (See ^| 
p. 103). ^ 

From the foregoing table we arriye at the fallowing deduc- 
tions: 

1st. With reference to armonr-platinj?, it is manifest that m 
a ship of given size, as determined by displacement, the weighi 
avftilable for armonr-plating is to a considerable extent a com- 
promise with the weights required for machinery, coals and ar- ^ 
manent, as we increase the one we must reduce the other; bul ^t 
assuming the appropriations of displacement taken in the tablCi H 
the mtes allotted to armour-plating would give the following 
results: — 

Tbidamt, if plated iH Tbic](iic»t if pUted tJl Tbidoien, if pttttod all 
rottiuif 12 r««t demp, rottud, 16 feetdeet^. roaod, 30 foet deep* 

No. 9 ... 2-42 incbei 182 inohee Vi^ inches 

„ 10.„*i75 „ 21>« „ I'tiS „ 

., lU,. 310 „ 2-83 „ I'Se 

„ 12 ... 3-50 „ 2-«2 „ 2l>9 , 

„ 13 ... 3fi3 „ 2-95 „ 2*36 

„ 14 ... 4-31 „ 8-23 „ 2*68 , 

„ 15 „, 4-73 „ 3-66 „ 2 84 , 

„ 16 ...5 21 „ S'91 „ 813 , 

„ 17 ... 5'fl9 „ 4*27 „ 8-42 . 

„ Id ..,6*20 „ 4-65 „ 372 , 

It is also to be observed that If the length of the vessels be 

four times the breadth instead of three times, the thiclcueaaof the ^M 
armour-plating in each case would be increased 50 per cent on ^| 
the above dimcnsiuns; and, moreover, if instead of plating the 
ships all around the armour-plating be confined to protecting the 
limited space of the battery, the thickoesa of tbe plating will be 
proportionately increased, the application of the weight available 
for arm our- plating, armament, and ammunition is thus entirely 
a matter of arrangement dependent ou the class of ship to be 
constructed. 

It also appears that the ratio of power to displaoement being 
giveo, and the vessels of similar type, the speed becomes greater 
as we increase the size of the ship. The extra cost that would 
be incurred in the conatrtietion of raft shipping may be approxi- 
mately estimated as follows, supposing the material to be cork of 
tbe lowest quality, which is generally the lightest, and therefore 
the most suitable, for the purpose of raft ship packing. Take for 
example ahip No. 9, of 2&il tons displacement : — 

Cork for packing, 7«0 tons at £10 £7,G(K) 

Frc|>nratirm for reatlenng the packing uimiflanmiable, 

7«0 toiifi at £*2 lOjr. 1,900 

Warkinaiiship anil labour, prepariag matenal^ cement- 
ing, and Betting iu place, 7(30 tons at £2 IO4. l,900j 

£ll,40a 

Casualties 5 per cent. 570 

Total for ahip of 2531 tons displacement £n»970 

Being at the rate of about £5 per ton on the diepkcemeat toa*^ 
nage of the ship. ^M 

Rear- Admiral E. P .Halsted, — Mr. Atherton has bo clearly and 
completely given his details and deSnitions, that the question is 
searcely to be discussed, except upon its general principle. Ftoia 
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tlie p«.pdr just read it is clear tbat Mr. Atherton looks upon it as 
a question of absolute Bolidity. (Mr. Atheetot»: Yea,) This, of 
oourse, then becomes, with tiaval people, a question of accoiDCQO- 
d&tioti, which does not seem to have been very comfortably pro- 
vided for. However^ there may be circumstaDoes whereio vessels 
of that sort may be cunstructeil for special purposes, perhaps 
with great benefit, Ffir greater changes have actually intro- 
daced tbemselves within the last ten or fifteen years even than 
tlie one now described. 

Mr, Ajlexander Gordon. — Witb regard to the qucation of in- 
flammability, I am satisfied tbat Mr. Atherton is entirely correct, 
I bare had great expt?neDt;e in the preparation of timber for 
lighthouse and other worka^ where the danger of fire was conside- 
rable, and I found that by Mr, Maugham's prticeaa^ which was 
patented many yeans ago, timber was reinlered uninflammable. 
You may put a piece of wood so prepared into a furnace, and you 
may bring it out red hot, but it will not carry fire — it is unin- 
flammable. I mention this after having had great experience 
with timber prepared by Maugham's pruceas^ and I regret that 
thia process is not more generally kuown. lu a conversation with 
Sir G«orge Cockbum, when he was at the Admiralty, I proposed 
llie subject of so preparing the ceiling and internal fittings of 
H.M.S. ** Simoom." It was also proposed to line that ship with 
kaSDptnlicon &o prepared, of which I produced some specimens 
perfeetly uninflammable. 

Captain Julius Eoberts, Royal Marine Artillery. — I believe 
Mr. Atherton has in his mind the idea of connecting the sides of 
the ehtp toirpther by bulkheads, forming cellular compartments, 
riglit tlirooi^h, so that each of these compartments, separately 
formed with thin sheet-iron, adils very little to the weight of the 
cork* This would form a great protection against the penetra- 
iicm of fehot, and those cellnkr spaces filled with paL'kiog would 
give the ship A vast amount of strength in every way. 

Captain Sblwyj^, K.N.— We must recollect that the use of 
imms is dependent entirely upon their possession of extreme 
•peed, or superior speed, I may say, and the most perfect power 
of jaanceuvring. Unless these two conditions be attained, the 
iiae of raina is one which may possibly sometimes be brought into 
|ilay ax^inst other vessels which are at anchor, but which can 
iieverbe brought into play in tho^e great naval actions which 
•bould take place, as they have always done, at least with the 
English, on the open ocean, where the question is, how to chase 
your enemy, how to catch him, and when caught, how to dispose 
of him. The mm will nlay its part indubitably ; but we must 
not rely any more exclusively on that than we must on guns, or 
OQ ih# peouliariiiijs of ships, which may be attained, as Mr 
Atbertou ha« v»irv properfv remarked, by a compromise which 



sacrifices in a certain degree each one to all the others, that is to 
say, the speed may be attained by a certain sacrifice of capacity 
and of seaworthy qualities. The enormous power of cariying 
fuel may be attained by other sacrifices; and bo we may go 
through the whole list of compromises, never being able to attain 
in absolute perfection the whole of the objects which we seek. 
With regard to penetration, and how it is to be resisted, Mr. 
AthertoG, I think, does not intend that the cork or other buoyant 
material whicli he employs as packing should be viewed in any 
measure t\^ a resistant material. He relies for that on the 
armour-plate outside, and wliich must remain very much as it is 
at present, a question between the power of the gun and the 
power of the armoar-plate. If we build our ahips of a lighter 
material, such as steel, we may then atlord to devote increased 
thickness to the armour-plate, and, therefore, be able to resist 
heavier guns than those which are now brought against us. If, 
on the other hand, our enemies find that we are so disposing our 
weights, it is reasonable to expect that they will increase the 
size of their ordnance up to the power of which they may be 
eflective against the increaaed resistance. The cheapest buoyant 
material we have, and that hitherto has been resorted to, ia air, 
— cellular spaces filled with air; and the only objection which I 
understand Mr. Atherton entertains to tbat, is the possibility of 
penetration in every line by shot or by sheU. Now, I think if 
we were to enter into a calculation of the thickness of the trans- 
verse partitions required to stop shot after they have penetrated 
a portion of the water (because they are not dangerous above the 
water-line), but passing through a poilion of the wnter, the 
armour-plate, and then a oertam number of the cells, if tbat 
thickness of armour-plate and of armour-partition were calcu- 
lated, we should find it rather inferior to the weight of the 
packing which would be reqnired to prevent the ship becoming 
water-logged from these transverse perforations. There ia another 
circumstance to which we may torn our attention usefully — that 
hnviug engines on board, we can use them to pump air into the 
aircells to keep out the water; and that, then, although perfo- 
rated, the cells remain air-cells by the continued power exerted 
agrtinat the water. You can do that in this condition that the 
outer cells be kept free from water, and only if air be pumped 
into the interior oDes can you keep out a head of water. It is 
possible to do that, and it ia worthy of consideration how far we 
may do it in opposition to the system of filling up with a material 
which, after all, if perforated, doee not keep out water. In pro- 
portion as the cells, whether the packing material be cork or 
light porous wood, are destroyed by the impact of shot, so will 
the water penetrate those cells, and enter among the splinters 
or the powder into which the material would then be reduced, 
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thiiB not giving oa the fall value which we should obtaiD» if we 
ooDsiderea it oolj as cork having certain buojaot qnalitica. 
When by penetration in whatever direction the ehip has been 
red need to the water-logged line, it is verj clear, he sajs^ that 
the engines might be drowned out, and the ship would certainly 
be drowned down to such a line of flotation that her manoeuvring 
power would be gone, and then she would be at the mercy of 
any ship that ran against her having superior manteuvring 
power. I do not urge this as an objection^ but I merely urge it 
as a remark as to what would be the result in such a case of 
water-'Iog. When you have also a Urge quantity of buoyant 
malarial, if there bis an alteration in the centre of gravity, you 
find, if you consider this ship aa not alone carrying a hull, but 
carrying masts and yards, you will so seriously compromise the 
centre of gmvity, that you are liable to have your ship capsised, 
although she floats, particularly if she is in a sea. If it be poa* 
lible, as Mr, Atherton seems to show, that we may have ships that 
will not sink, then it becomes a very grave question whether 
the cupolas may not be more eflSciently introduced than they 
have hitherto been, for the whole secret of the want of success of 
the cufK>la system in large ships seems to be, that it is necessary 
tci defend the ship as well as the gun. Not alone must you put 
armour round the cupola, but you must put iron round the ship, 
not solely to prevent her crew being hit, but to prevent her 
offensive powers being injured, and to prevent the ship being 
sunk. If it is possible to make a raft like that, we shall return 
to that ingenious invention, for which Captain Cowper Coles 
deserves the greatest credit, of putting heavy guns on an nn- 
■inkable raft I hope, by the devotion of «ucb talent as that 
of Captain^ Coles as a Naval Office^ and as that of Mr. Atherton 
as an Engineer, to the subject, we shall yet arrive at a mora 
dear conclusion than we have hitherto been able to do. 

Mr, Athertok. — The stores and amunition will be stored in 
water-tight cells formed in the packing, so that in the case of the 
ship being sunk down to the water-logged line all the stores and 
ammunition will be accessible. The arrangements for the ac- 
ooromodation of the crew would be dependent on the number of 
the crew and position of the batteries. I do not pretend to 
know how a ship*s batteries ought to be arrangea, whether 
broadside, cupola, or fore and aft, but I have assumed that in 
this case the batteries would be fare and aft, thereby afford- 
ing the usual amount of accommodation for the crew amid- 
ships between decks. The lower hold J mean to be exclusively 
appropriated to machinery and coals. The coal will be put 
into water-tight com part n»enta, and as the coal is consumed 
the bunkers may, if necessary, be filled up with water, to 
presepe the stability of the ship. As reganls present mortar 
practice, the mortar practice of the present system is not 
at all comparable to what I anticipate being resorted to as the 
aqent for sinking iron-clad shipa, viz., masses of eight or ten tons 
weight being thrown nearly vertically to a considerable height, 
and falling into a ship through the deck at a range of say 200 
yards only. As you shorten your range you arrive at greater 
precision, and doubtless mortar practice may be so modified that 
at short range, say 200 or 300 yards, you would not fail to 
uvP * ?^°^ or shell through the deck of such a vessel aa the 
*' Warrior." With regard to the efficiency or otherwise of rams, 
It 16 not for me to discuss thut question. I am of opinion they 
Mar become form idabfe rivals to ships of war as now conslructea, 
and, therefore, I suggest this mode of rendering shii^a uusiokable, 
though assailed by the ram. With regard to penetration, the 
theory I go upon is that nothing will stop the penetration by 
•hot. I anticipate that the penetration will be absolute, but 
whilst the packing remains an integral part of the ship it will 
float the ship. You must entirely get rid overboard of that 127 
tons of surplus packiogbefore the ship of 2531 tona displacement 
will sink* As regards air-tight cells, if of iron, they would 
probably be of equal weight, and occupy the same apace as the 
packing. I believe it would be very difficult to make the cellular 
system absolutely air-tight, and if perforated by shot they would 
btoome non-effective. By the proposed systera when the vessel 
becomes perforated and water-logged, wo still have the lower 
deck some two or three feel above the water-logged line of 
flotation; therefore, I do not see why that ship, though water- 
logged, should not be perfectly mauagnable and seaworthy. Many 
A ship goes to sea with a wat«r-line as low aa that The stability 
Increases as she gets down, because the centre of gravity becomes 
lower with reference to the centre of displacement. 



THE ARCHITECTURAL MUSEUM. 
Pnze* ta Art Wm-kmtn. 

Mr. Beresford Hop« said they met that night in a new hQme« 
and for the very simple reason that the tabernacle — he supposed 
he must call it — in which they used to meet, at 8outh Kensington, 
had been pulled down to give way to a permanent South Kenaing^ 
ton Museum. Whether tbejehould meet again at Sonth Kensing- 
ton permanently, or not, was a matter in regard to which be 
wished to make a short explanation. The meeting was very 
well aw&re that for many years past South Kensington had beeo 
their home. He had talked of the tabernacle in the wildemeae. 
Some people said that when they went down to South Kensing- 
too, they went to Egypt. But he must friy that, baviug gone 
down to Brompton, they were most hospitably entertained there^ 
With the authorities there they sometimes had had a few 
friendly ** tiffa ;" but altogether they worked very well toeether* 
and owed a deep debt of gratitude for the kindness that tubd wX 
all times been ahown by the authorities at South Kensinfftoii. 
But as time went on, and as the distinguishing features of tke 
South Kensington Museum shaped themselves more and more 
clearly, the more it became apparent that there was a div«*rgenc« 
of intention between them and that body. He would XM the 
, meeting what that divergence was. All of them who had consi- 
dered the museum question most be aware that there were two 
kinds of museums. One was what was called a technical, or 
atudy museum, which contained things that were rather dry and 
uninteresting to the general visitor. There was no popular 
museum in anatomy, nor ought there to be, inasmuch as it would 
consist of a number of specimens in bottles. A technical moMUin 
in chemistry also consisted of a lot of specimens in bottles; and 
so in their line of science, a technical muaeum in architecture 
consisted of a number of mouldings, carvings, and detaile, many 
of them rough and mutilated plaster casts, and, therefore, Ytij 
uninteresting and ugly to the general public; but of ioestimabld 
v:due to the man who had to manufacture works of art, in which 
light and shade produced by mf^ntdings, and the art beauty pro- 
duced by foliage, were his requisites. Such was their idea of the 
collection that was essential for the study of architectural art. 
The other sort of museum, which he did not deny was equally 
valuable and necessary, was what was called the Exhibition 
Museum, but it did not go into the detail neeeiaary to enable the 
art-student to work out either originals or models of monnmeots, 
like the tomb of Archbishop Grey, at York, or the Piaa pQ^pit, 
which raised its head so proudly at Sonth Kensington. He 
thought their Government, — he did not mean the authorities at 
Kensington, who were not to blame, — but the Government, were 
to blame for not having realised the great importance of a stttdjr 
collection; and, when they had the unique opportunity of plentj 
of acres at Kensington^ they were to blame for not giving to 
England what, he believed, no other Government had giyen to 
any other country in the world, a Study Musenm of Archlteo- 
tural Art There was plenty of room at Kensington for carrying 
out such a project, and it was a sort of museum which it would 
not be very expensive to create. The authorities, however, 
thought otherwise; and it was impressed upon those oonneoted 
with the Architectural Museum that they were to clear out a 
very large amount of their collection, and leave only so much 
behind as would form part of an exhibition collection, and not 
|Mirt of a study collection. 

Now, they had been looking forward, as ho had stated, to * 
great national study collection for the benefit of the art-worknen 
of England. They did not pretend to say that, with their limited 
means, their collection could be either a very large one or a very 
perfect one; but they did say that it was theflrst thing of the soft 
that had ever been started. It was a matter of honourable am- 
bition with them; and they thought that it might have been taken 
up by the Government aa the foundation of a more importADt 
collection of the siime kind. That matter was now past and gone* 
The itudy collection was no longer to be an element of the South 
Kensington Museum, It was only to be an exhibition oolloction. 
It would, no doubt,, be an interesting, a beautiful, and an impor^ 
tant one, but it would not be that spedal kind of technical ooK 
lection which was required. Accordingly, they felt there wis 
ncthing to do but to give an amicable notice to quit That notice 
was taken amicably, and he was able to say that they were leav- 
ing on the best and most affectionate of terms with the author- 
ities at Kensington, who had not withdrawn from them the 
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SrivHege of nning their collectJona, Now, at this tirae of final 
ivorce, urtthiog could be mor© friendly than the terms upoQ which 
ibey «t«MKi toward a each other. Speakinjf iniuisterially, the qnes- 
ttf^M fi'< to where thej shouUl go was uadeL' ooadideration. Talk- 
lentially, they hi^d very little idea where they would go. 
were workiog hard for a place, and he might «ay, 
wilhaut breaking coutidence, that their coadition was under 
mature consideration by a very important body, of a cognate 
to their own, thoiigh somewhat older, and more dig- 
■ meant the Royal Institute of British Architects, 
iir ui^sv passed to the special work wliich they had to perform 
that ereniug, namely, the distribution of prizes. The meeting 
were aware that last year was a year of disapjioiLitmeiit. They 
offered vtiUiable prizes, but it was not conaidered that the com- 
^««n^^r^ fuioe up to the mark, and they went down to South 
'Q with rueful faces and blank cheques. This year they 
he course, not of sulking or despairing, but of revising 
their iist of prize objects^ and offering prizes even more valuable 
in A m'»nelary view. He was glad to say that the exhibition of 
one cla^^of works t»f art had met with signal sticcess. They had 
had rin iMiusu ul good tender of objects, and they felt that they might 
'.(usly award the large prizes which they offered to the 
as. *H«? was exceedingly glad to have to say that the 
aiL-woLkmen of the country had awoke to the movement of the 
iiisxen — he did not allude to the Reform movemenL He was glad 
to say that they felt in all thiugs the growth of education and of 
refinement: that growth of refinement which had substituted 
the present cheap press for t!ie scurriloua press of forty or fifty 
jeiu^ago — a cheap press which had placed the study of literature 
»nd the discussion of political questions, whether they agreed 
with the concInsioDS they were come to or not, on the high level 
which they now occupied. He was glad to «ee the realisation of 
the growth of education and the improvement that had taken place 
in those mean^ of locomotion which matle the word ** provincial 
Almost a word belonging to the dead languages. The growth of 
sctenoa had extended itself to the wants of private life, and 
people felt that the furniture they lived amongst, the carpets they 
Uxxf a poo, the arm-chairs they slept in, the plates from 
which they ate their mutton, and the basins in which they 
wjwhed their faces, might be, need be, should be, and could 
be, specimen!! of art, without being too expen ive to those persons 
_ who might become their purchasers. He was glad our workmen 
^H TMUxecf that fact; and this brought him to another point. The 
^H mother day a capitalist; who was a producer of art-workmanship, 
^H hadii0ke<l him whether he (Mr. Berei^ford Hope) knew what he was 
^Hiftbont; whether be knew the necessity of capital toprcnluce these 
^^* large works, and was he not putting the art*workman out of 
I his place I He (Mr. Hope) said disLiuctly he was not putting the 
I ftrt-workman out of his place; and he would tell them why. 
I Everybody's duty was to be moving on. It was like the theory 
I of the astronomer, that the sun and all the fixed stars were in 
I reality revolving round some very distant central sun. He did 
fc not put the art-workman out of his place, because the capitalist 
^K who employed that workman, and the purchaser who went to 
^1 ^he capitalist, had themselves marched oti, and he only iisked 
that the art-workmen should march on by their side. Of oourBe, 
ther«» were many branches of art-workmanship that required 
fapitAl to put them in the market, and he should be a very bad 
friend to the art-workmen if he were to come forward to bring 
down that ne<3e88ary law of political economy which made the capi- 
laliat necessary to put his work in the market, — ay, and necessary 
U»give bim the materials with which he could work. All be maiu- 
iiined was, that the development of art edai^ation on all sides 
did not destroy the relations between the employer and the work- 
IDMI. It only placed them in a more satisfactory position towards 
msh other It showed the workman that artistic work was 
initite<i from him; and it U>ld the employer that it was right and 
fenermia that with his name the name of Ui© man who produced 
the work should be connected. Of oonrae, many art^workmen 
would only b© art-workmen all their lives. It waa an honour- 
able thing to be an art- workman all one^s life if one stamped bis 
uatoe on the work. Bat it was possible that, like Chan trey, a 
man fn»m being an art-workman might become a great master 
and tmcher of art, and he was for throwing open the door to such 
a man, that he might oome forward and prove himself aChantrey, 
Ho would give an illustration in point. It might be thought a 
trivial oonnideration, but it would show his meaning. For many 
yeara past it had been the habit in this country to hold flower- 
sbowi, at which they saw that Mr. Smith, gardener to Lord 



Brown, took prizes. Lord Brown was the capitallat^ but Mr. 
Smith's knowledge of botany produced the grapes, the melons^ 
or the roses which won the prizes. Now, he wanted the art- 
capitalist to be the squire, and the art-workman the gardener. 
He would now pass to the special prizes for the present ye* 
He was going to apeak plainly. In former years they had hfi 
many pleasures and many disappointments. He dared to say 
that, in the allotment of the prizes it might have been suppose 
by some that they did not take snfficient account of tbe sms 
number of hours, comparatively speaking, that might have bee 
at the competitors* own disposal; that they did not take snffi •'"-* 
account of the wear and tear of mind which ranst have t 
place in the pursuit of their calling, before they could apply ;....» 
wear and tear for their own advantage. They felt, for the pre 
sent, at least, that they were asking for two things that it wai^ 
hardly right to ask for; at the same time one was a pure and ab- 
solutely original composition; the other that knowledge of mani- 
pulation or practice in art-handling which made the good render- 
ing of the composition manifest its superiority to the bad ren- 
dering of the same. Accordingly, except in one ease, in which 
they included comj-^osition, they had determined this year to 
absolve their competitors from much of the original composition, 
and only looked to them to give them the best rendering of an 
idea for which the institution was responsible, and they were jus- 
tified in that d.^termi nation by the results. He asked pardon 
from those of whom in former years, in their over-enthusiasm, 
they might have exacted too much. 

Mr. Hope then procedeeded to distribute the various prixea to 
the successful competitors, as thus: 

Stone CarviniT. — Priie 1, £20. — Arthur N. Harrii, Rytle, Iile of 
Wight ; prize 2, £5. — John Seymour, Tower-huie, Taiiiitoo ; prize 3» 
X2.— Henry Harrimn, 82, Upper Ehury-»treet. London ; extra priw, 
£1 la.— T. Sharp, 50, Conoaught- terrace, Edgwart>*roftd. 

Wood Carving.— Supplementary priae, £10.— W. Wormleighton, at 
lirlr. Rnddia'a, 19, St. James's etreet, Birmingham. 

Silver Work.— PriKj 1, £15.— W. Holliday, U, Noiloor^t,, Islington ; 
prize 2, £o. — A. G. Frantzen, 20, King iquare, ClerketiwelL 

Transparent Enamels. — Friae 1, £10.— Frederick Lowe, 13, Wader- 
neaa-row, Loiidoa; extra pme, £1 1a. — H^DeKuniagb, 69, Dean-street, 
Boho. 

Opaque Enamels.— Prize, £10.— Frederick Lowe, 13, WQdemesa-rww, 
Loddoii, 

Marble Moaiuc. — Prize, £10. — Oeorge Rooke, 27, Bywafcor-street, 
Kinj?Vrf)ad, CThelsea. 

Msxlelliug in Clay (Architectural Union Oimpany). — Priae 1, £5. — 
R. W, Mftrtin, 5, John*i-terr*oe, OJney-ttreet Walworth-Toad ; priae 2, 
£2.— J. W. Gould, 33, Bayham-plaoe, Camden Town. 



ON ARCHED BOOFS.* 
By C. R. Voir Wesselt. 

The present paper does not aspire to exhaust the very inte- 
resting Bubject of arched roofs as it stands at present before the 
profession. Its purpose is only to describe some structures of 
this kind recently carried out with success, and to make a few 
comparative remarks upon their main features and merits. In 
offering the same to this society it is the hope of the author to 
elicit valuable criticism from different quarters, and by a dia- 
cuision of a subject on the theory and practice of which very 
little has been published hitherto, to throw more light upon the 
many important questions connected therewith. It is a deaide' 
ratum ^iniversally felt in the engineering profession, to have ae 
complete as possible a collection of the designs and details of 
important engineering structures ; a contribution towards such a 
collection, however incomplete, may not be thought out of place 
before a society entirely devoted to the advancement of engineer- 
ing science. 

Arched roofs are the production of the conjoint requiremeata 
of beauty and strength. So long as the roof is destined to serve 
as a mere object of utility, an engineer would spend very little 
trouble in designing fine outlines and selecting noble proportions. 
Economy of material and workmanship dictate such plainness of 
design, that, firstly, the engineer shall be able to take out the 
ttrnina so minutely as to reduce the sectional area to a minimum ; 
and secondly, that the roof is carried by itself and does not 
induce any transverse strains in the structure supporting it. 
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The usual triaugnlar pnudple is adopted iu auch caaea. It is a 
very different matter when a roof is U} be made for an archi- 
tecttiral buildiug, for inetance a large hall, where it b often the 
main feature of the structure. Fineoutliuea and simplicity, two 
lu&iii componentfl of noble appearance, will be required roost 
pATtlcularlj, No obstruct iona to the view, as ties, struts^ &c., 
are admissible. Architecture ha%*iug been always represented 
iu stotie, forces its newly acquired material, iiou, iutn the cus- 
tomary shape of the pure arch. A more or less powerful hori- 
zontal thrust has now to be providtid for, and a certain deficiency 
in ihe practicability of minute calcylatiou of atraina under unequal 
loads, must be compensated for by the sound judgment of the 
engineer. Many dififereut arrangements can be embodied in the 
structure supporting arche<l roofs, for taking the horizontal 
thrust, but no rules can be given for it In each separate instance 
the arrangement must be adapted to the peeuli^ir nature of the 
case, and depends for its degree of perfection entirely upon the 
skilful design of the engineer. A few words on scientific inves- 
tigatious with resard to wrought-iron arched ribs, may not be out 
of place, befure beginning the description itself. 

The calculation of strains in arched roofeis one of the mostdiflS- 
cult mathematical pi^blems iti engineering, partly on accouut ot 
somewhat complicated principles on which a thorough investi- 
gation should be founded, partly on acct>unt of a great variety in 
the position of the d liferent parts of the stiucture. Unfor- 
tuuately there is very little information on ihid subject to be 
found in English eDgineering litei-ature, and not macb more iu 
that of other nations. The follow ing is submitted as a means of ap- 
pro liimately investigating the stability of wrought*iron arched ribs. 

It is well known that the way of ascertaining the stability 
of a stone arch is to draw the curve of equilibrium, which 
must remain within the depth of the youssoirs of the arch. 
This is not necessary iu the caae of iron-arched ribs, which can 
be strained by tension as well as compression. 

The outer forces which act upon an arch are, 1, its own 
weiglit; 2, the vertical*, 3, the horizontal pressure due to the 
resistance of the abutments; the latter is transmitted unaltered 
tht^ugh the whole of the arch, since there ia no other horizontal 
strain actin? upon it but that of the abutments ; 4, the pressure 
of wind and snow. 

In every arch there must be somewhere one particular point ia 
which this horizontal strain is not co-existing with any vertical 
force ; therefore, if we cut the arch through this point in two 
pieces, in either of them the state of equilibrium will be con- 
served, by replacing the action of the other by that horizontal 
strain. This point is coincident with the point of action for the 
resultant of all the vertical forces acting on the whole arch. 
Thus, in an arch under its permanent h^d, the section before 
mentioned will be at the crown ; iu an arch under both its per- 
mauent and unequal loads, it caunot lie in its crown. The curve 
of equiiibrium passes through the section with its vertex. 

The way to find the horizontal strain is as follows: — Given a 
semicircular arch, loaded on n points, whose horizontal distances 
from the left-hand springing are *ri x^.,,,.,^^^ with weights 
PiPj;»3— Pm accord i ugly, and x ou the distance of the vertical 
section before mentioned, we find 

where H is the horizontal strain, and ^ the rise of the curve of 
equilibrium. 

This equation f ^^"*^j?=HyJ docs not determine H or y, 

but Assummg one of them it ascertains the other. 

By taking y=j("' (the height of the neutral fibre in section tit) 
the vertex of the curve is drawn through point C (Figa. 1, 2, 
Z, Plate 14) ; II is thus determined, and aeclion m is iu compreb- 
8 ion according to H. 

It is quite clear that not all the other points of the curve will 
in this case ^l within the neutral fibre of the arch, but will take 
the position as shown by the dotted line, though it must go 
through the supports. This causes a tendency for point B to 
move in the direction of the arrow; and strains in the fl&ngee 
at that place will be effected accordingly. 

If the flanges of the rib iu B should really not be strong 
enough to witbstantl this strain, there is no necessity yet that 
tliey should break, but the CAse will be as follows :— 

Ut'*' ^ if is assumed so that the curve of eauilibrium passes 
^jxfugh B, juid remdei'S this point to be simply m compression. 



H is determined by the equation VL{=^ ^\ ^ 1 

and acts ou a leverz^yi", or in reganl to section m ou a lever 
jfi" — y", and will effect a compression in tie upper flange and 
a tension in the lower one at this place. Thus the*fact that the 
section at B is in mere compression is conditional, and dependvJ 
entirely ou the presence of the said strains in the flanges a ti^ 
section wi. In respect to these considerations, it is certain that 
stability and rigidity of an iron arched rib can be fulfilled by 
different arrangements. 

Although it appear? strange at first sight that in an arch, of 
which the architectural outlines are given, there should be no 
restriction in assuming the rise of the curve of equihbriumi 
according to which the dilferent sectional areas could be deter- 
mined, nud that nevertheless the slability of the structure caxt 
be effected. This will become obvious from the following 
example: — 

Given an elliptical arch, in which the different areas in flaogeSy 
&c., have to be determined. The disUncfs of the points where 
the load acts, and the loads, are deterniined. Thus the equatioa 
:ip j=Hv can be formed, by which it can be seen that H, the 
horizontal stndn, might be taken ad libitum^ and that y will then 
be ascertained accordbg to the equation. For instance, y may 
be taken equal to a\ which is greater than the rise of the arcb^ 
the vertex of the curve will be iu C, and its branches will go 
through the points of support, as shown in sketch. 

H^ is determined by putting a* for y iu the equation. The 
position of this curve leads to the remark, that iu the crown, 
besides the horizontal strain Hj, which is transmitted through 
the structure and ttikeu by the abutments, there will be a 
certain tension iu the lower, and a compression in the up|>er 
flfliuge, due to H^ acting on the k^vel 00^; and that, following the 
line of the curve from C| towards A^ or A, there is a point B^ or 
B on each side^ where the curve of equilibrium intersects the 
neutral fibre of the arch, and where only compression exists. 

The segment between B^ and B, therefore acts as a girder,! 
while the joints at these points coultl safely be replaced by hingeal 
as long as the load is equally distributed. The abutments will, J 
in this case, react with a horizfiUtal strain equal to Hj. 

Now, instead of the abutments, & tie may be supposed between 
Aj and A, and a screw in it, to eff<*ct any required borizontAlJ 
strciiri on these points, and it may be arranged so that this hort« 
zontal strain 18 = H,^. By putting this H^ into the equation, thai 
calculation gives y— Oo, which is fiinallerthan the rise of the arch. , 
Ai Cj A ia now the curve of equilibnum. 

The horizontal sti-ain H, is transmitted through the crown] 
unaltered, but, besides Ibis, there exists at the crown tension in] 
the upper and ctvmpression in the lower flange, due to H and thol 
lever CC, on which it acts. According to the curre assumed iu ' 
this case, the whole of the arch will act as a girder under forces 
acting upwards, and the dimensions of the flanges and diagonals , 
have to be determined accordingly. ^m 

No doubt, by means of the supposed crew, a horizontal strain^ .^| 
H, can be applied to the arch, so that the corrosponding y beoomei 
equal to the rise of the arch a, in which the entire section at the 
crown is in compression due to the force H. In other words, by 
means of a tie and a screw iu it, the curve of equilibrium can be 
forced to pass through the crown^ or through any other point in 
the vertical C^ C^\ and if the material is distributed iu the struo* 
ture according to a certain curve of equilibrium, it will tuable 
the abutments to bear the horizontal strain belonging U tlus 
curve. 

On the other han(K this does not require that a wrought-fOfl 
arched rib of a certain shape must have abutments of a cer 9&i^ \ 
strength, there being even a chance for the stability of an aj^ i 
without any abutment or tie. The only consequence of thiaHJ 
that the rise of the curve of equilibrium becomes 00, and if 
horizontal strain by the equation becomes 0. 

The crown of the arch will^ therefore be strained as if it 
the centre of a straight girder of the length AA,. NowJ 
question arises, which curve of equilibriuni, among so 
which do not exclude a chance of constructing the arch, will be 
that one according to which the least quantity of ma tar/ 
required ? 

Although the solution of this question with mathel 
accuracy is a matter of almost impmcticable oomfilexij 
following consideration leads to a sutficiently practl^ble 
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namely, it can W proved by simple calctiUtioa and by many 
Indtaoces of practical eDgineenug, that a certam load (listtibnted 
over a given space can be aup per ted in a more profitable way by 
an arch in which only compression prevaila, and which rests 
between abntiaents« than by a straight gtrtler. Therefore it ia 
more profitable to arrange the material in a a tract u re so that it 
is strainer! only by corapreaaioa than to have compression and 
tensioa co-exiating in every part of the stracture. 

From this truth a rvile can be derived to lay the curve of 
©Qailihrium so that its points may be as close as poasihla to those 
oi the neutral fibre. 

The further calculation of strains in the different parts of the 
structure (fl^tngeaand diiigonaU)^ can be dealt with by starting the 
im interiiectiou of the curve of eqniUbrium with the neutral fibre, 
where the strain is known from th^ curve and continuing by pro- 
per oombiitation of this strain with the vertical loads. 






Sydkkham Crystal Pauics Roof. 

There are two roofs of similar construction, but different span. 

The principals are, in both roofs, arranged in pnirs, being 24 
feet aptirt in each pair, but the pairs leaving a clear space of 7'i 
faet between them. Tlie 12l^ feet span roof is to be described 
0rst, the alterations of tiimensions in the 12 feet one to be given 
afterwards, and details being quite alike in regard to tbeir 
general arrangement. 

The priacipjil of this nwf is very peculiar in its construction. 
Ife 18 an arch of such a depth that it carries partly as a girder, 
throwing npou its supporting structure a comparatively small 
hanioQtal thrust The outer and inner outline of the arch is a 
perfect semicircle, struck from the same centre, the rib has there- 
f^ '^-.-' "i^hout an equal depth of 8 feet — tlie inner radius bein^ 
.n outer one 60 feet The rib consists of a bottom ami 

Uf^ lA.vLi-^K'; each cnnniating again of two I. irons, 6 inches by 34 
iachesi and a i inch plate 10 inches wMe having an available 

ctional area of Dj scjuare inches. These fianges art; throughout 

le leoarih of rib of equal cross section, and are connect^ to- 

tht^r bv' a double lattice work made of flat diagonal bars, 
of the rib is divided into eleven equal parts, between 
if uig and its centre. Each of these parts contains two 

diaj^otials one above the other, and struts radiating to the centre; 
one of the struts being a cast-iron distance strut carrying pur* 
lins and connecting them to main rib. The other is a wronght- 
iron strut made of two channel irons 4 inches by I J inch by 
I inch, liaviug two distance pieces ri vetted between them. The 
joints in 6 inches by 3 inches L irons are made alternately at in- 
tervals of about fourteen feet, proper distance pieces filling out 
the 3| inch ap.v!e between L irons, its | inch rivets act only with 
ui^e shearing area. At intervals of about I ft. 9 in., distance 
^^cea are put between L irons, and fixed also by } inch rivets 
iu W I struts. The diagonal bars are throughout 4 inches 
wide, f inch thick with an available sectional area of 1'2 square 
inches ranning always through two diagonals, and are not 
•traight. But they are, f^r the ?take of architectural appearance, 
M arranged that they cross exactly in the middle of rib, and in 
one fourth of its depth from its outer and inner outline. They 
are connected at intersections by a | inch rivet. A rouud orna- 
mental kaoh^ made in two halves, being c^mnected together by 
ibree | inch tap screws, covers this joint. The ends of diagonals 
«ii4 W I struts are connected with the L irons by a Ij inch bolt. 

The cast-iron distance struts are shaped according to the W I 

uire, which they have to strengthen, and according to the 

•u end pieces of purlins, which are bolted to them by six or 

mch bolts, as they belong to the 6 feet or 3 feet deep purlins, 

I I Alrut has accordingly a cross section of 7 squ.tr© inches 
-^.^vj^nal area, its | inch web is widened out to a pocket for 
letting the di agon .da through, interaeeting at this point. The 
web at top and bottom of strut is brought out to two lugs, winch 
fit with a washer between the two angle-irons, ami are each 
bolted to same by one 1 i inch bolt. Proper bosses are cast on to 
tbt web for eight ( inch bolts connecting purlins to same, 
tJttderneath these struta, nroaraental pendants of 5-16th8 
inch metal, are bolted to so flit of rib by four A inch bolts. There 
are two kinds of parllna, one kind heini^ 24 feet long and Q feet 
dc«D| and the other 72 feet long and 3 feet deep. The first servo 
lor Dracing each two ribs of one pair together, the others act as 
pnrv purlins between each pair of ribs, that is, they have the only 
aiatinetion to support the intermediate rafters. 

The $ feet deep purlins consist of a top and bottom flange of two 



L irons, 3 inches by 2 inches by J inch of 2 square inches available 
sectional area, they are connected by wrought-iron struts and 
double lattice work. Besides carrying intermediate rafters, they 
serve as bracing of main ribs for giving them lateral stitfnesR. 
The struts are 8 feet apart, and consist of two X irons, 2 inches 
by 2 inches by J inch, with 1^ inch available sectional area, 
having between them in all cases two diagonals, one above the 
other, similar to the lattice work in main rib. The diagonals are 
flat bars, 3 inches wide, 5-16ths inch thrckj they are straight, and 
run always through two divi^sions of 8 feet. At their ends proper 
cast-iron distance strut*? are fastened to L irons by one 1 J inch 
bolt, the web is again widened out properly to a pocket for 
receiving ends of two diagonal bars, which are each rivetted to 
casting by one | inch rivet. The 3 feet deep purlins serve only 
ft>r carrying the intermediate ribs. They consist of a top flange 
of two L irons, 4 inches by 2 inches by i inch, 2*44 available sec- 
tional area in centre, and a bottom flange of two flat bars being 
at end, 4^ inches by | inch In centre, 4^ inches by J inch, with 
4*t)8 square inches available sectional area. The-»e flmges are 
connected by vertical atruU 8 feet apart, and diagonal tie bars, 
decreasing in the three diagonals next to end from ll-lGths inch 
tbicknestj to J inch, to 5'U>tha inch to J inch. They are respec- 
tively fixed to top and bottom flanges by a ij inch, IJ inch, 
1 inch, and | inch bolt All bars 4 inches wide (the struts are 
of cast-iron of a X cross section, 2 inches by 2 inches by | inch); 
diagonals of wood are put across the diagonal Lie bara, 4 inches 
wide, 4 incli thick, fastened by J inch bolts. 

Both purlins carry above each strut an intermediate rafter, 
having the same outline as the main lib. It is made of a J inch 
web folate I foot high, in length of about 8 ft. 5 in*, with a top 
and bottom flange of two |, irons 2 inch by 2 inch by ^ inch iu 
length, of about 16 ft. 10 in, with li square inch available sec- 
tional area, A special arrangement is made for bracing purlins 
sidewayn to these intermediate ribs. The purlins at each bottom 
end of their vertical stnit^s are suspended, as it were, by two 
hangioi]; rods, to points of the intermeiliate ribs, being just iu 
the middle of two bearings or purlins. For that purpose, a cast- 
iron shoe is fixed to the bottom L irons of rafters at those points, by 
four i inch bolts of a proper shape, to fix on it the ends of the 
hanging rods, f inch in diameter, by keys. The other ends 
are widened out to an eye fixed to the bottom flanges of the 
6 feet or 3 feet purlins by the bolts fixing end of the vertical 
strut to the same. The details of this connection are for both 
purlins the same, except the altered angle of the hanging rods: 
Next to each of the cast-iron end struts of purlins a kind of 
pocket is rivettet! ^n by eight | inch rivets, consisting of two 
J inch plates, with two Ij inch thick distance pieces between 
them, for receiving the ends of wind ties, fiattened out to eyes, 
and fixed by one li inch bolt each. The wind ties are, through- 
out, round rods of 1| inch diameter, and form the diagonal 
bracing between main ribs. At the point where they cross each 
other they are connected by a rmg, to whicb each end of the 
four is screwed in the usual way. The ring is in this case of cast 
iron, and has a sectional area of 9| square inches, strengthened by 
proper bosses round bolt holes, and besides by two wrouglit-iroa 
rings of 1 inch sectional atea, put on while red hot. This con- 
uectioQ serves for bringing strain on to these diagonal bracing 
rods. 

The covering of this roof is entirely of glass, on the " ridge 
and furrow" principle. The main and intermediate ribs carry 
wrought-iron gutters, 9 inches wide at the top, 7 inches at 
bottom, 4 inches deep. They are rivetted to top L irons of ribs 
with ^ inch bolts, alH>ut 9 inches apart alternately, and to inter- 
mediate main ribs by | inch brdts in the same way. To the edge 
of this gutter an L iron 1 4 inch by L| inch by 3-l6tha of an 
inch, is rivetted on, and to this a piece of wood ij inch by 
2J inches is fixed by | inch screws, about 6 iochea apart. Into 
this piece of wood tlie ends of the sash bars are let in about 
I foot apart; the top being fixed to the ridge. This miniature 
roof runs right along the whole rib, from the main gutter up 
to lower stitndards of ventilator, and is hipped at its ends. 
The main ribs, as well as intermediate ones, carry at their 
crown, over the cast-iron distance strut next to a centre, a 
louvre standard of cast-iron, 5 ft» 10^ in. high, of H ♦-'ross 
section. The sides are filled in with wood, to which the louvre 
plates are fixed. 

The ventilator is cohered, as the other parta of roof, by a 
number of similar small hipped roofs, formed by mere slanting 
sash bars, having ia this oaae only wooden gutters, eacb 
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supported bj the frtandard in centre of each rib. The oater 
st&ndards of veatilator are kept up bj a diagonal bracing run Ding 
from each to the other, consiatiDg of i inch rouod roda, 
paaaiDg through a slotted hole spaced out in the middle one. 
At the base of outer standards a wrought-iron gutter nms 
ttlon^, supported by wood boarding, for conducting the water 
which drQj>3 down from the ventilator covering t^a gutters on 
top ribs. The main rib weighs 10 tons. The purlins which 
are ij feet deep, weigh each 12 cwt,; those 3 feet deep weigh 
eaoh 1 tim 4 cwt. Total of ironwork in one bay of 86 feet 
weighs 61 tons 3 cwt. Each of the main ribs is supported by 
two columns, 8 feet apart, so that each of the flanges starts 
over one of the columns. This is effected by means of a cast- 
iron square fntrae, H ft. H in, wide, and 8 feet high, bolted to 
top of eft-eh column by four 1 inch bolts, and also by four 

I inch boltii to top of girder, connecting top of columns. It 
conai»ts of two pieces of the same section as the columns, 
connected by a | inch web with a large circular hole taken out 
in the middle and smaller ones in the corners. Froiier flanges 
are cast on to the top corners of it, to which each of the flanges 
is bolted on hj six 1 J inch bolts, by means of a strong bracket. 
The cross sections of this frame, through the weakest part of 
the columns, has 25^ inch sectional area — columns being of 
"^ 'T'f'hes outer diameter, octagon 1 inch thick, the web and its 

j'-'s } inch thick. Tho paints of frame acting as bracing to 
li-j :tugies has 9 inches sectionel area. Appropriate pockets for 
receiving ends of diagonals ai^ constructed iu the upper end 
of wub, the outline of which is shapeti like that of cast-iroD 
distance struts. The two diagonals in the middle are fixed to 
it by one 1^ inch bolt, and the diagomila at springing of 
flanges by one 1 inch bolt each On top of outer column of 
frame higs are provided for tiling bracKcts of 6i inch inner 
width under water outlets of main guttler by four 2 inch bolts, 
with 1 ft. 2 ill. by 5 inch waterway. The main gutter running 
alotig the whole roof is, on the avemge, 1 ft. 9 in. wide and 

II inches high. It is c?wt in lengths of 7 ft. 11^ in., 7-16th3 
of an inch thick, the joints being made by eleven § inch bolts. 
The intermediate ribs are supported by cast-iron standards 
8 feet high, which rest on one deep cast-iron girder 3 feet 
deep and 23 ft, 3^ in. long, which serve iu the whole building 
;t>t brjieing and floor-carrjiug girrlers between columns 24 feet 
;t|>itrt. ISuch girdere b nice the columns also right under the (lunges 
of main rib lengthways. The before mentioned sU-indarda hav^e 
the ejection of half a column of 9 inches diameter, are of | inch 
meUd, and wideneil out at the top to a bracket, on to which the 
l>ii^e of intermediate rib is bolted by six ^ inch bolia. The lowest 
of purlins connected to tofi of frame supporting niain rib is also 
connected by four ^ inch bolts to this bracket, and proper lugs 
are cast on to the top of standard for fixing a bracket, by four 
i inch bolts supporting main gutter at each 8 feet The horizontal 
thrust of the main ribs is tmnsmitted by the cast-iron frame to 
the system of colnnins connected by cast-iron girders as described 
before, and well braced by diagonals fixed to ends of girders by 
means of keys. 

At the intersection of vertical diagonals a similar adjusting 
cnniipctinn with a ring and screws^as for wind ties, is applied, the 
wlicle being covered by an ornament a! joint cover. The entire 
su|t|inrting structure up to the frame being very rigid, and 
Iu ^:JeH loaded heavily by having on the girders below floor level 
on one side a fire -proof flooring of brick arches, and on the other 
side cast-iron girders fiistened to brick foundations, takes easily 
the thrust arising more from wind pressure than from the weight 
itf the roof, which is certainly taken partly by the rib itself, it 
being of so great a depth. The rain water is carried off in the 
usual style by the hollow columns. 

The smaller roof is very similar to the larger one, as already 
stated; the dimensions of the details being altered only. The 
principals are arranged in pairs, being 24 feet apart, each pair 
having a clear apace of 72 feet between. The rib of principal 
has an equal depth throughout of 8 feet, the outer and inner out- 
line of it being struck from the same centre respectively, with a 
radius of 3<i feet and 28 feet, its curve is a true semicircle. The 
lop und bottom flanges are connected by flat bar diagonala, 
wrouf;ht and cast-in)n struts. The flanges consist of two L'ifons, 
4 inch by 4 inch by j inch, having an available sectional area of 
B*3G inciter. T!ie diagonals are throughout flat bars, 4 inches wiHe 
by yjj inch, having «n available sectional area of 1 inch. The 
verlieal wri'iight-iron struts are chaunei irons, 4 inches by 1^ 
/acit bj^ ^ hjch, with available sectional area of 1*37 inch. Each 



of these strata and diagonaJa are connected by one 1 inch bolts to 
the flanges, L irons are jointed in lengths of about 25 feet alter- 
nately. The arrangement of lattice work is the same as in lureo 
roof- pendants being fixed underneath them to soffit of rib in the 
same way. There are also two kinds of purlins, C feet deep; 
nearly 24 feet long^ and 3 feet deep ones nearly 72 feet long. The 
constructioD and dimensions of them are like those in large roof. 
The intermediate ribs are of the same construction and dimen- 
aioDS as on large roof; so is the arrangement of gutters fixed oo 
top of it, and the covering the same. The arrangement of 
bracing and wind ties is also similar to that of the large roofj 
the ventilator is also the same. The main rib weighs 4^ tons;i 
one purlin, 6 feet deep, weighs 12 cwt,; one purlin, 3 feet deep, 1 
weighs 1 ton 4 cwt. 

Iron work of roof only in one b^y of 96 feet, that is from 
centre of one pair of main ribs to the centre of another pair af 
them, weighs : o tons. 

The raaiu rib is supported by structure similar to that of the. 
large roof, that is by a frame formed by two shorter pieces of^ 
columns connecteil by a web. To the outer one is the main 1 
gutter fixed of same dimensions as on large roof The interniediate 1 
ribs are also like those of large roof supported, all the details of ^ 
connections being the same. The 72 feet trussed purlins used in 
these roofs are the same trusses that were used for carrying the 
roof over the nave of the Great Exhibition of Ibol. A large 
portion of the columns and girders, also employed in the Syden- 
ham Crystal Palace, are the same as were used in the Grest 
Exhibition building. 
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Maw Atiched Boop or the Ditblin Ex^iBinoif 
Winter Gauden. 

The area devotetl to the portion of the exhibition covered by 
this roof is 2iS ft. 10 in. by 60 ft. C in. The space occupied by 
the Winter Garden, which it* covered by a simikr kind of root *« . 
353 ft. 6 in- by 50 ft. 6 in., having a transept 33 fl. 8 in. wide and I 
50 ft. 6 in. long. These two areas are divided respectively into 
thirteen and twenty-one bays of 16 ft. 10 in. It is proposeii to 
consider the various details together, that is to say the roof ^ 
proper^ comprising the principals^ purlins, and covering, and tbel 
supporting structure, with the arraugements for taking tbdf 
horizontal thrust. 

The outline of the arched rib principal is semicircular, the rndluflj 
of the intra/los being 20 ft 61 in., and the exlrados 28 ft. Ij in .I 
The rib is thus at its crown 1 ft. 6 in., and at its springing 2 ftl 
B in. deep. It coiisists of a bottom and top flange each of two! 
L-irons 2^ in. by 2j in. by g in. throughout its length, connecte4 
togetlier by dif\gonal bars. The four diagonals next to the crown 
of the rib are 2? inch by y-^- inch, the next three are 2j inch by 
J inch, then follow three of 3 inch by J inch, and the last three 
are 3i inch by 9-lf>th8 of an inch, the rivets for connecting the 
diagonals to tlie flanges being j inch, 5 itich, arid 1 inch diameter, 
according to the strength of the diagonals. At theirinteraections | 
the diagonals are connected by | inch rivets. At each point 
where the dimensions of the diagonals vary the purlins ai*e fix^. 
There are therefore three purlins on each side exclusive of the 
ridge purlin at the top. The purlins are of cast-iron, and their 
construction is well adapted for securing water-tight joints where 
the covering is fixed to them. They are cast in lengths of 
16 ft. 10 in., 9} inch in height, and finch thick, the bottom flange 
being k inch thick. The web of the purlins is ornamentally I 
perforated, the perforations being glazed, aud joiute of the I 
purlins chipped* tor connecting the purlin firmly to the rib [ 
and to give it a certain amount of lateral stiS'ness two orna*! 
mental brackets are fixed by four bolts, 1 inch diameter^ to I 
the rib, so that one end appears to support the purlin to which ' 
it is well bolted, and the fmrt fixed to the rib being ^ inch in 
thickness acts as a stiff strut. 

Under each of these brackets of § inch metal an omameiital 
finial is fixed to the soffit of the rib, on which a 7 feet by 
\ inch board ia fastened to cover the open space between ^ 
irons. The two upper bolts of those connecting brackets to 
ribs serve for fixing the wind ties, the ends of which are 
flattened down in the usual way, and have right and left-hand 
screws for adjustment 

The roof of the Exhibition Palace is covered with Italian rinc 
and glass. The zinc is No, 14 gauge on rolls 3 inch by 1| uich, 
about 1 ft. 2| in, apart. The winter garden is covered with glass 
on sash bai-s 2^ iuch^ and 2| inch by 1^ inch, about 1 ft. f^ 



I 



acart The glftas or zinc overHanga centre of top flange of purlin 
4f inch. The veatitatioo in this roof is effected bj a novel 
arrangfRient at the top. The ribs carry in their oeutre caat irou 
•taodords, which are connected at the top on each side by one L 
iron 3i inch by 3 J inch by I inch, for aup porting the oovering 
juid giving them lateral stability. The space betweeo these two 
angle iroaa is used for ventilation, and can be opened or shut by 
means of a valve consisting of a piece of convex; sheet iron fixed 
to a spindle running along the roof and having a bearing in each 
of the cast-iron standards. At certain places pulleys and balance 
weights are fastened to the spindle, from which a cord goes down 
to the floor of the building. By means of this cord the spindle 
mod valve can be turned, and the opening or shutting of the 
ventilator controlled. The whole apparatus is covered by a piece 
of corrngated zinc forming the ridge, and fixed on am all caat-iroa 
rapports. 

The main ribs weigh each 2j tons. The weght of the purlins 
in one bay is 1 ton 1 cwt 21 J b, and the weight of brackets for 
one bay is 5 cwt. 4i2 lb. The entire weight of wrought and cast- 
iron in one bay, exclusive of coverings is 3 tons 14 cwt. Each of 
the ribs is supported by a cast-irou column^ 45 feet high from 
floor level, in three lengths. There are other series of columns 
3i feet high in two lengtlia, 1€ ft« 10 in. apart from the columns 
supporting the main roof^ thus fonj>ing squares of 16 ft. 10 in. 
The iirit tier columns carry at a height of 15 feet cadt-iron 
girders 2 feet deep, with ends widened out to brackets supporting 
the flooring of the gallery. At a height of 32 feet they carry a 
castrircm arched roof of 13 ft. 5 in. clear span. The Inner columns 
support the ribs by brackets which are caat on the clerestory 
columns, the inner curve of which completes the semicircle of 
S4 ft 6 J in. radias. The base of the rib is simply bolted to the 
top of springers with No, 6 1-inch bolts. 

The horizontal thrust is transmitted by this bracket, and a 
flying buttress h fixed to the column. The cast-iron principal of 
tmall roof is fixed to the inner and outer columns by bolts. This 
throat tends to overthrow both coliimus outwards from the top, 
but they are strongly connected under floor level by a cast-iron 
girder I f l 6 in. deep, and thus form, with the upper gallery 
girder and the arched roof, a strung frame. By having the 
connections made sufl^cienlly strong, and the columns increased 
in thickness at the i-equired parts to enable them to bear the 
transverse stiaiu, this friiiuebe^mes perfectly rigid, and takes the 
horizontal thrust without the aid of diagonal bnicing. 

The columns are cast in two lengths, one portion extending to 
the top of the gallery girder, and the other to the lower and upper 

fitlera in the first and second tiers. They are connected by four 
Inoh bolts, two of wbich fasten the tie-rods for the diagonal 
thrust of gallery flooring directly to the column. The greater 
0art of the permanent and moving load of the gallery is thus 
brought directly on to the columns^ and the gallery girder is left 
to take the thrust of the ribs. The columns are nearly alike, 
ausd have a uniform cross section. 

The capital of column supporting springing of cast-iron side 
roof is formed by brackets project in j^ from each side, leaving the 
OoUmn itself to pass through. The water is carried off from the 
gutters of the main roof by the columns. The two sides acting 
mm flanges in relation to the transverse strain arising from hori- 
jCODtal thrust is | inch thick, the remaining two sides are ^ inch 
thick- The longitudinal girders of the gallery are connected to 
the columns by dovetails cast on the columns at each eud, fitting 
Into corresponding grooves cast in the ends of columns allowing 
^ inch space, which is run with Jead. 

The bottom girders have 5t square inches sectional area in 
tlie top and bottom flanges, and are widened out at both ends 
•O M to form a sort of square box, to which the base of the 
oolnmns are attacheil by four Ih inch bolta. The columns 
with boxes and girders rest on foiindations of concrets. The 
Bying buttress ia composed of several pieces, the joints being 
applied so as to secure correct action and good workmanship, 
l^e weight of iron work in one bay of supporting structure 
ifl 7 tODd IB cwt 



Arched Roof of the Derby Maeket Hall. 
The area covered by thia roof is a squace space 192 feet 
long and 86 ft. 6 in. wide. It is divided into eight bays of 
524 leot each. The roof is hipped at both ends, and therefore 
there ore only five ordinary principals of SI ft. 5 in. clear span. 
The principal consist of wrought-iron arched ribs, the inner 



and outer curves being true circles struck from the same centre 
with radii of 43 ft. 9 in. and 41 ft. 5 in. respectively, the springing 
of rib being 7 ft. 6 in. above centre. The height of rib at 
crown is 62 ft. 10 in. above the floor level. The wrought-iron 
rib is of the same depth throughout, and consists of a plate 
girder with j\ inch web, and top and bottom flanges of two ^ 
irons 3i by ^ by 7-16th8, 

At every alternate sujjporting place of the purlins the web 
is joined by means of a joint plate I ft. 9 in. by ]0| inches by 
I inch thick, which plate is also rivetted on to the web at 
the other purlins as a strengthening plate. Angle irons extend 
always over two lengths of web. The web is ornamented in aa 
original way. A neat desf^ of holes is punched out of the solid 
plate, leaving the material intact, where it acta in a similar 
manner to diagonals. As holes show much better than mere 
lines or raised ornaments, the efl*ect is much more powerful; 
besides, it aeems the only right way of ornamenting a plate girder, 
because the main construction lines, adapted to cei-tain scientific 
laws, are not only left intact, but even brought out to a greater 
extent. Ornamentation by casings and ornaments stuck on may 
be sometimes really required, but if the real working structure 
can be made in itself good looking its merit is by far greater. 
These holes (about 6 inches in diameter, the larger ones) were 
punched out by a simple screw press, with long levers and heavy 
weights attached to them. When brought once into the swing 
the mere monieutura sufiices to drive the punch through the plate, 
which ia S-lCths inch thick. The base of rib is horizontal, 2 feet 
long, while the top flange is 2 ft. 5 in. above, carried vertically down. 
It is fixed by eight 1 iuch bolts, on each side of the web, to the 
supporting cast-iron column, the angle irons of the bottom flange 
being carried round horizontally for that purpose, Ri vetting ia 
done throughout with J inch rivets, about 4 inch pitch. A board 
8 J inchefi wide by 1 inch is fixed to soffit of rib for mere appearance. 
The rib carries wrought-iron lattice purlins, at intervals of 
6 ft. 9 in. On each side of such purlin a cast-iron strut is fixed 
to rib and purlin by six } inch bolts. By this connection the pro- 
jecting of the purlins beyond the ribs is prevented. 

The purlins, which are 23 ft. 10 in. long, and 1 ft. 6 in. deep, 
are radial, and are connected to the main ribs by means of the 
cast-iron end struts of § iuch metal by two Jinch bolts. They 
consist of a simple truss, the top and bottom flange of which are 
each formed by two L irons 3x3x1 inch. The top flange ia 
also connected by two | inch bolts to top flange of main rib. 
Dust-iron struts, 3 feet pitch, and flat bar diagonal bracing 2^ 
inch wide, increasing from J inch to J inch, andl^ inch in thick- 
ness, connect the flanges of the truss by | iuch bolts serving as 
pins for diagonals. Wooden diagonals are also used for giving 
the appearance of a complete diagonal truss. The purlins sup- 
port at each strut a wood rafter 6 inch by X f inch. Each 
alternate strut is so enlarged as to form brackets connected to 
the wood rafters by | inch bolts, which are employed to keep 
the purlins in their radiating position. The other struts are 
brought out at the top to mere lugs fixed to i-after by J inch 
coach screws. 

On the top of the main ribs a piece of wood 54 JQchea X 3 
inches is fixed for nailing the 1 inch boarding thereto. 

The 1 iuch boarding is coverod by Italian zinc near the crown, 
and at the lower part by slates. A portion of the roof is glazed. 

The ends of the roof, it being hipped, are formed by ribs, 
which are in general constt^ucted like the ordinary ones, but 
stronger in cross .section. 

One ordinary rib weighs 5^ tons; weight of purlins^ standards, 
&c., for one bay, 9^ tons. Iron work for one bay of roof weighs 
14l tons. 

Each rib is supported on a cast-iron column 23 feet high from 
floor level to bottom of gutter, of an octigon section, and Ij inch 
thickness of metal. The ba.se is also octagon, 2 ft. 10 in. high, and 
at the bottom of 2 feet inscribed diameter. At a height of 19 ft. 
Tin. from floor level it widens out into an octagon capital of 
2 ft. 9 in. inscribed diameter at tlte top. The base is plain. The 
top is a little ornamented by a kind of laised leaves. Above 
that the column widens out into a kind of flat box, 4 ft, 2 in. 
high, with a bracket in front supporting the horizontal plate to 
wliich the L-irons of base of col urns are bolted. The horizontal 
plate extends over the middle of the continued column^ leaving 
on each side of bracket oblong openings for receiving outlets of 
gutters; the column changes above this horizontal plate into a 
vertical piece of T section, 1 ft. by lOA in. by 7| in. by 1 J in,, 4 ft, 
4 in. high. The vertiokl part of the base of rib id bolted, as alx«id — 
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meuttoaed, to the inner flange lOj inch wide. The bracket in 
front, being only a mere web, is hidden by a casing, appeiiring as 
an ornamental bracket of the same thickneas ae the flat box 
forming part of column, which is in elevation shaped like the two 
brackets anpportinff the outlets of gutter on each side of calumn. 
The gutter joins the column by a semi-ellipiical arch forming 
the outlet. The casing is here required for the aake of appearance 
and for saving a core. To the hack of the upper part of column 
(supporting outlets and the upper flange of the I iron), a frauje 

11 ft. 6 in. long ia fixed by six 1 inch bolts. It consists of an 
arch of 5 ft. 1 m. radius of bottom outline, with a pretty filling- 
in ornament, and on the top a square frame 2 ft, 6 in, deep. All 
the main flaogea are 8 inches wide, j inch thick, only the upper 
flange of frame 1 foot wide by | inch, web being J inch thick. 
The other end of the frame ia suitably pro\^ded with a vertical 
l3ange and a log at the bottom, for resting on the wall, being 
besides bolted to it by four 1 inch bolts. 

This frame would apparently transmit the horizontal thrust to 
the walls enclosing the hall, but that is not the case. The hori- 
zontal thrust is in this roof taken by a very peculiar arrangement 
On the top of the frames juat described, on each end strong boxes 
are cast on, each of which contains a pin dropped into it from 
above. These pins connect the ends of diagonal bracing rods, with 
eyea on one end and key adjustment at the other. Along the 
outer boxes a wrought-iron flange runs throughout the length of 
the buildiog; decreasing towards the end in strength, the diagonals 
increasing towards them. This flange, consisting of four jilates, 
1 foot by 14 inch, and two L-irons, 3 inch by 3 inch by A inch in 
centre, is connected by the pins to the diagonals. On the other 
hand, the gutter acts as the other flange of this horizontal girder, 
and is made sufficiently strong, being cast if inch thick. The 
single leuffths of gutters are connected together by means of eight 
2-inch bolts, being equal in sectional area to the strength of the 
gutter, of course piercing the web of the I-shaped part of column. 
The gutter being of caat-iron, and sometiraea exposed to tensile 
strain a, requires, therefore, the above-mentioned ai"ea. There are 
eight diagonals, one for each bay, the dimensions of the rods in- 
crease from the centre towards the ends. The diagonals having 
to sustain just the same as the flanges contrary strains must be 
always of the same sections as them, because they can only act 
as the ties. At the hip of the roof only simple ties are re- 
«|nired ai diagonals. 

The roof offering in its longitudinal direction a very great 
resistance, renders it unnecessary to provide for an extra uori- 
SBontal throat arising out of the wind-pressure, &c 

The gutter, being 1 foot by 5^ inch deep, 1 foot wide, and 23 
feet by 4 inches long, If inch thick, has in diatanoes of 3 feet 
small shoes cast on, which receive the ends of the intermediate 
raft^i*s 6 inches by 3 inches. The rafters are placed across the 

12 foot corridor at a proper slope, laid with 1 inch boarding, and 
covered, like the large roof, with siates. The other ends of these 
rafters rest in shoes on the wall surrounding the hall. The 
gutter is covered by a snow grating, which is i foot by 3 inches 
wide, and cast in length of 6 feet. It rests on small supports 
fixed by two f inch bolts to cross pieces cast on the gutter at 
every second pair of shoes, and serving as distance pieces in the 
castiug, while it cools and prevents it from warping into awkward 
shapes. These distance pieces must always be made with a top 
flange; otherwise tho other parts of castings prove stronger in 
shrinking and tear it in the middle. The rain-water is caiTied 
sideways by the bracket-shaped outlets of gutter in the column 
and carried off by the same to the drain-pipes. The cast and 
wrought ironwork of one bay of roof weighs 14j tons. The cast 
and wrought ironwork of one bay of supportiong structure 
weighs 17} tons. 

(To he c<mtinued,) 



tower is surmounted by a belfry, having a slated spire, ter- 
minated by a weather-cock, and containing three bolls, for the 
quarters and hour. On the side next t^he Borough are shops, 
with cellars below, and two stories of rooms above. The ground- 
floor on the side next Castle-street is occupied by offices, with 
an eDtrance-liall, 32 ft. by 10 ft., in the centre, paved with black 
and red tiles, for access to the market-hall, which is built behind 
the shops, and is lighted from the roof and one end. This hall 
ia 70 ft. by 36 ft., and 30 ft, high ; it is faced inside with white 
Huntingdon bricks, slightly relieved with red and black bricke^ 
and is covered by a polygonal ceiling reating on circular arches^ 
formed of three thicknesses of 3^inch planks, bolted together on 
the Delorme principle, which spring from sU-Jue corbels on pro- 
jecting piers. One compartment of the ceiling on each side of 
the centre one ia filled with rough plate-glass the whole length 
of the hall, and there is a large threedight window at one end: of 
the room. The rest of the ceiling is boarded, the whole of the 
woodwork being stained and varnished. On one side of the hall, 
and entered from it, are offices for the use of merchants attendin j^ 
the markets; there is also a side entrance to the room from the 

Borough. J • t 

The assembly-room is placed on the upper floor, and m the 
portion of the building fronting Castle-street This is reached 
by three separate stone staircases, the chief of which is 7 feet 
wide, and leads from the entrance-hall in Castle-street. Tho 
room is 48 feet by 32 feet, and 30 feet high, with retiring-room 
and cloak-room adjoining. Its roof and ceiling are constructed 
on the sante principle as that of the market-hall, the ribs spring- 
ing from carved stone capitals, supported on red shafts of terra- 
cotU. Both this room and the market-hall are lighted by sun- 
burners of Messrs, Strode^s manufacture, and are warmed by 
Hadeij's hot-air apparatus. 

The ouUide of the buildings and also the staircase and entranoe- 
hall, are faced with white HunLiogdon bricks. All round Uie 
roof of the assembly-room is an arcaded parapet, surmounting 
a moulded cornice, all of terra-cotta; and the arches to tho 
two chief entrances are of the same material. The raulliona 
of the windows are of Bath stone, with carved cap and i-ed terra- 
cotta pillar-shafts. The entrance doorway in Castle-street has 
recessed jambs, with carved caps and red terra-cotta shafte. 
Carved stone caps ami red shafts are alao used at the outer angles 
of the lowest stage of the tower, and also to the arched openings 
at the base of the tower. The windows have gauged semicircular 
and segmental arches of moulded red bricka, with stone keys and 
skew backs. All quoins, window and door jambs, arches of 
tower, aud panels for clock-faces, are of Bsth stone. 

The terra-ootta was supplied by Mr. Blash6eld, of Stamford, 
Mr. F. Biisch, of Farnham, was contractor fbr the general building; 
and Mr. R. Mulley acted as clerk of works. The architect 
employed was Mr. E. Wvndbam Tarn, of London. The total 
cost has been about £3500. The style of the building is an 
adaptation of that prevalent in Italy during the eleventh and 
twelfth centuries. 



TOWN HALL AND CORN EXCHANGE, FARNHAM, 
SURREY. 
Thk new buildings, which have been in course of erection 
during the laat twelvemonth, and are now completed, were 
opened on the 15th ult The new edifice, which includes a 
market hall or corn exchange, offices, shops, and assembly rooms, 
has been built on the site lately occupied by the Goat's Head 
IoD,at the junction of Castle-street with the Borough. At the 
oorner of the building is a clock-tower, 88 ft. high, in the top 
story of which ia a four-dial clock, by Frodsham, presented to 
the town by Mr. S. Nicholson, of Waverley Abbey, This 



ON THE FORCES CONCERNED IN LAYING AND 
LIFTINU DEEP-SEA CABLES^ 
By William Thomson, LL.D. 
The forces concenied in the layinar and lifting of deep sub- 
marine cables attracted much public attention in the years 1867 

An experimenUl trip to the Bay of Biscay, in May 1858, 
proved the possibility not only of safely laying such a ropo 
as the old Atlantic cable in very deep water, but of lifting 
it from the bottom without fracture. The speaker had witnessed 
the almost incredible feat of lifting up a considerable length 
of that slight and seemingly fragile thread from a depth of 
nearly two and a half nautical railes.t The cable had actually 
brought with it safely to the surface, from tho bottom, a splioe 
with a large weighted frame attached to it, to prevent untwist^ 
ing between the two ships, from which two portions of cable wiUi 

• RfeAd before the Royftl aodetf. .^ * j ..a^ .«i 

t Throuf hoQt rbfl foUowinjr aUtemenlfl iha word mile irUl be used to dcoofte act 
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Ofipotite twbta bad be^Q kid. The actual laying of the cable a 
few montbfl later, from raid ocean to Valentia on one side, and 
Trinity Bay, Newfoundland, on tbe other, regarded merely as 
a iBechani<»I achievement, took by surpnae some of tbe most 
celebrated eogiueers of the day, who had not concealed their 
opbuoo that the Atlantic Telegraph Company had undertaken 
an Impossible problem. As a mechanical achievement it waa 
completely ^uocessful^ and the electric failure, after several 
hundred messages (comprifiiuij upwards of 4359 worda) had 
be-D tianarnitl^ between Videnlia and Newfonudlaod, wae 
owing to electric faults e^LJsting in the cable befure it went to 
mt^ Sacb faalts cannot escape detection, in the course of tlie 
milliuiacture, under tbe improved electric testing since brought 
into practice, and the causes which Jed to the failure of the 
first Atlantic cable no longer exist as dangers in submariue 
telegnphic eoterpnse. But the possibility of damage being 
done to the insulation of the electric conductor before it leaves 
the ship (illustrated by the occurrences which led to the tem- 
porary loss of the 1S65 cable), implies a danger, which can 
only be thoroughly guarded against by being ready at any 
moment to back the ship and check the egress of the cable, 
and to hold on for some time, or to haul back some length, 
according to tbe results of electric testing. 

The for€6s concerned in these operatioi^ and the mechanical 
mmAgements by which they are applied and directed, constitute 
ane chief part of the present address; the remainder is devoted 
to explanations as to the problum of liftiug the v^est eud of the 
ISOO miles of the cable laid last sumraer, from Valentia weat- 
v«rdsp and now lyiog lu perfect electric condiiion (in tbe very 
miemi place in which a submarine edible can be kept), and 
randy to do its work, as soon as it is connected with New- 
foundland, by tiie 000 miles required to complete the line. 

Force* Concerned in tJis Submergence of a Cubie. — In a paper 
published in 1867, tbe speaker had given the differential equa- 
iions of the catenary formed by a submarine cable between 
the ship and the bottom, during the submergence, under the 
influenc'e uf gravity and duid friction and pressure; and he 
Lad pitjuted out that the curve beoomea a straight Hue in the 
case of no tension at tlie bottom. As this is always the case 
in deep-sea cable laying, he made no further reference to the 
general problem in the present address* 

When a cable h laid at uui/orm speed, on a level bottom, 
quite straight, but without tension, it forms an inclined straight 
hue, from the point where it enters the water, to tbe bottom, 
and each point of it clearly moves uniformly in a straight line 
towards the position on the bottom that it ultimately occupies.^ 
That is to say, each particle of the cable moves uniformly along 
the baae of an isosceles triangle, of which the two equal sides 
are tbe inclined portion of the cable between it and the buttom, 
Aod the line along the bottom which this portion of the ciible 
covers when laid. When the cable is paid out from the ship 
mt a rate exceeding that of the ship's progress, the velocity and 
direction of the motion of any particle of it through the water 
ate to be found by compounding a velocity alon^ the inclined 
side^ equal to this excess, with Uie velocity already determined 
along tbe base of the isosceles triangle. 

The angle between the equal sides of the isosceles triangle, that 

I is to say tbe inclination which the cable takes in the water, is 
determined by the condition, that the transverse component of 
^e cable's weight in water is equal to the transverse component 
of the resistance of the water to its motion. Its tension where it 
enters the water is equal to the longitudinal component of the 
weight (or, which is the same, the whole weight of a length of 
_ cable hanging vertically down to the bottom), diminished by the 
longitndinal component of the fluid resistance. In the laying of 
the Athmtic cable, when the depth was two miles, the rate of the 
ship sax miles an hour, and the rate of paying out of the cable 
•eveo miles an hour, the resistance to the egress of the cable, 
accurately measured by a dynamometer, was only 14 cvvt. But 
it must have been as much as 28 cwt, or the weight of two miles 
of the cable hanging vertically down in the water, were it not for 
the frictional resistance of the water agtiinst the cable slipping, 
as it were, down an inclined plane from the ship to the b«jttom, 
which, therefore, must have borne the difference, or 14 cwt. 
Accurate observations are wanting as to the angle at which the 
Oible entered the water; but from measurements of angles at the 
ttem of tbe ship, and a dynamical estimate (from the measured 

* DrtdNly the iaoTcoi«bt of a battaliea b line chufliig front. 



strain) of what the curvature roust have been between the ship 
and the water, 1 find that its inclination in the water, when the 
ship^s speed was nearly Gi miles per hour, must have been about 
nj deg., that is to say, the incline was about 1 in 8k Thus the 
length of cable, from the ship to the bottom, when the water was 
two miles deep, must have been about aeveuteeu miles. 

The whole amount (14 cwt) of fluid resistance to the motion of 
this length of cable through it is theiefore about fil of a cwt per 
mile. The longitudinal component velocity of the cable through 
the water to which this resistance was due may be taken, with 
but very small error, as simply the excess of the speed of paying 
out above the speed of tbe sfiip, or about one milo an hour. 
Hence, to haul up a piece of the cable vertically through the 
water at the rate of one mile per hour would require less tlian 1 
cwt for overcoming fluid friction per mile of the cable, over and 
above its weiRht in water. Thus fluid friction, which for the 
laying of a cable performs so valuable a part in easing the strain 
with which it is payed out, offers no serious obstruction, indeed 
scarcely any sensible obstruction to the reverse process of hauling 
back, if done at only one mile an hour, or any slower speed. 

As to the transverse component of the fluid friction, it is to be 
remarked that, although not directly assisting to reduce the 
egress strain it indirectly contributes to this result; for it is the 
transverse friction that causes the gentleness of the slope, giving 
the sutlicieut length of seventeen miles of cable slipping down 
throu»ih the water, on which the longitudinal friction operntes, 
to reduce the egress strain to the very safe limit found in the 
recent expedition. In estimating its amount, even if the slope 
were as much as 1 in 5, we should commit only an insigniticant 
error if we supposed it to be simply equal to the weight of the 
c^ble in water, or about 14 cwt. per mile for the 186j Atlantic 
cable. The transverse component velocity to which this is due 
may be estimated with but insignificant eiTor by taking it as the 
velocity of a body moving uirectly to the bottom in the time 
occupied in laying a length of cable equal to the seventeen miles 
of oblique line from the ship to the nottom — therefore it must 
have been from 2 miles in 17 H- 6^ = 2'6l hours, or 8 of a 
mile per hour. It is not probable that the actual motion of 
the cable lengthwise through the water can aflect this result 
much. Thus, the velocity of settling of a horizontal piece of 
the cable (or velocity of sinking through the water, with weight 
just borne by fluid friction) would anpejir to be about 8 of a 
mile per hour. This may be contrasted with longitudinal friction 
by remembering that, according to the previous result, a longi- 
tudinal motion through the water at the rate of one mile per 
hour is resisted by only one-seventeenth of the weight of the 
portion of cable so moving. 

These conclusions justify remarkably the choice that was made 
of materials and dimensions for the 1805 cable. A more compact 
cable (one, for instance, with less gutta-percha, less or no tow 
round the iron wires, and somewhat more iron), even if of equal 
strength and equal weight per mile in water, would have expe-* 
rienced less transverse resistance to motion through the water, 
and therefore would have run down a much steeper slope to the 
bottom. Thus, even with the same longitudinal friction per mile, 
it would have been leas resisted on the shorter length; but even 
on the same length it wouM have experienced much less longitu- 
dinal friction, because of its smaller circumference. Also, it is 
important to remark that the roughness of the outer tow covering 
undoubtedly did very much to ease the egress strain, as it must 
have increased the fluid friction greatly beyond what would have 
acted on a smooth gutta-percha surface, or even on the surface of 
smooth iron wires presented by the more common form of sub- 
marine cables. 

The speaker showed models illustrating the paying-out ma- 
chines used on tbe Atlantic expeditions of 1858 and 1865. He 
stated that nothing could well be imagined more perfect than the ^ 
action of the machine of 1865 in paying out the 1200 miles of| 
cable then laid, and that if it were only to be used for paying out 
no change, either in general plan or in detail, seemed desirable, 
except the substitution of a softer material for the "jockej i 
pill leys," by which tbe cable in entering the machine has tlMll 
small amount of resistance applied to it, which it requires to keep ^ 
it from slipping round the main drum. The rate of egress of the 
cable was kept always under perfect control by a weighted fric- 
tion brake of Appold's construction (which had proved its good 
quality in the 1858 Atlantic expedition) applied to a second drum 
cairied on the same shaft with the mam drum. When the 
weights were removed from the brake (which could be done 
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almost iDBUntHneoasly by menus of a simple mechanisra) the 
resisUince to the egress of the cable produced by "jockey pnlleja" 
and ttie friction at the bearings of the abaft carrying the main 
drtim^ &c., waa about 2| cwt. 

Priwedure to Repair (ke Cable in caae of (he Appeumnre of an 
Eltfctric Fault during the Laying. — In the event of a fault being 
indicated by the electric test at any time durinj^ the paying out 
(as proved by the recent experience) the aafe and proper course to 
be followed in future, if the cable is of the same construction as 
the present Atlantic cable, is instantly, on order from an autho- 
rised ofliccr in the electric rooni^ to stop and reverse the ship** 
engines^ and to pnt on the greatest saft^ weif]fbt on the paying-out 
brake. Thus in the course of a very short time the egre^ of the 
cable may be stopped, and if the weather is moderate, the ship 
may be kept, by proper use of paddles, screw, and rudder, nearly 
enough in the proper position for hours to allow the cable tohanj? 
down almost vertically^ with little more strain than the weight 
of the length of it between the ship and the bottom. 

The best electric testing that haa been praciiaed, or even 
planned, cannot show within a mile the position of a fault c«m- 
aistiog of a slight loss of insulution, unless both ends of ihe cable 
are at hand. Whatever its character may be, unless the electric 
testa demonstrate its position to be remote from the outgoing 
part, the only thing that can be done to find whether it la just on 
board or juat overboarfl, is to cut the cable as near the outgoing 
part as the mechanical circumsUmcea allow to be safely done. 
The electric te^t immediately trnnsferred to the fresh-cut seawartl 
end shows instantly if the electric line is perfect between it and 
the shore, A few minutes more, and the electric tests applied to 
the two ends of the remainder on board will, in skilful hands, 
with a proper plan of working, show very closely the position of 
the fiult, whatever its character may be. The engnieei^ will 
thus immediately be able to make proper arrangeraenta for re- 
splicing and paying out good cable, and for cutting out the fault 
from the bad part. 

But if the fault is between the land end and the fresh-eut 8eft- 
ward end on board ship, proper simultaneous electric testa on 
board ship and on shore (not hitherto practiijed, but easy and 
sure if properly planned) must be used to discover wbetlier tho 
fault lies so near the ship that the right thing is U> haul back the 
cable until it is got on board. If it is so, then steam power mUMt 
be applied to reverse the paying-out mtichine, and by careful 
watching of tho dynamometer, and controlling the power accord- 
ingly (hauling in slowly, stoppiug, or veering out a little, but 
never letting the dynamometer go above 60 or 05 cwt,), the cable 
(which can bear 7 tons) will not break, and the fault «tn be got 
on board more surely, and possibly sooner, than a**anlky" salmon 
of 3(> IK can be Landed by an expert angler with a line and rod 
that could not bear 1(1 lb. The speaker remarked^ that he waa 
entitled to make such assertions wtth confidence now, because the 
experienco of the late expedition had not only veri tied the esti- 
mates of the scientific committee, and of the contractors, as to the 
strength of the cable, its weight in water (whether deep o'* shal- 
low), and its mechaniad manageability; but it hatl [iroved that 
in mwJerate weather ihe Great Eivstern could by skilful seamnn- 
ahip be kept in poj^ition and moved in the manner require*! She 
had actually been ao for thirty-eight hours, and eighteen hours 
during; the operations involved iu the hauling back and cutting 
out the first and second fnults,'and re-nritingthe cable, and,duriug 
seven hours of hauling in, in the attempt to renair the third fault. 

Should the simultaTieous electric testing on board and on shore 
prove the fault to be 50 or lOO or more miles from the ship, it 
wouhl depend on the character of the fault, the season of the year, 
and the means and appliances on board, whether it would be 
better to complete the line, and afterwards, if necea^iary, cut out 
the f;ialt and repair, or to go back at once and cut out the fault 
before attempting to complete the lino. Even the worst of the^o 
contingencies would not be fatal to the undertaking with such a 
cable as the pi^seut one. But all experience of cable-laying 
shows that almost certainly the fault would either be found on 
board, or but a very short distance overboard, and would be 
reached an<i cut out with scaroely any risk, if really prompt 
measures, as above deacribed, are taken at the instant of the 
ap(>earance of a fauli, to stop, as aoon a» possible with safety, tlie 
further egress of the cuble. 

The mt^st striking part of the Atlantic undertaking proposed 
for 1866, ia tliat by which the 1200 miles of excellent cable laid 
in lt>(^5 is to be utilised by completing the line to Newfoundland. 



That a cable lying on the bottom in water two miles deep can ^ 
be cftught by a grapnel, and raised several huudred fathoms above | 
the bottom, was amply proved by the nine daya' work which 
followed the breakage of the cable on the 2nd of Augnat laat. j 
Three times out of four that the grapnel wa« Jet dow*n, it caught 
the cable on each occasion after a few boura of drugging, and with 
only 300 or 400 fathoms more of rope than the 2UKi required to 
reach the bottom by the shortest course. The time when the 
grapnel did not book the cable it came np with one of its flukes 
caught round by its chain; and the grapnel, the abort length of 
chain next it, and about 200 fathoms of the wire rope, were 
proved to have been dragged along the bottom, by beinj; found, * 
when brought on board, to have the ijateratices filJeil with light | 
grey ooze (of which the speaker showed a specimen to the Boyal 
Society). These results are quite in accordance with the dynamical 
theory indicated above, according to which a length of such rope 
as the electric cable, hanging down with no weight at its lower 
end, and held by a ship moving through the water at half a mile 
an hour, would slope down to the bottom at an angle from the j 
vertical of only 20 deg.; and the much heavier and denser wire- 
rojje that waa used for the grappling would go down at the sam© 1 
angle with a considerable more rapid motion of the ship, or at 
still steeper slope with the same rate of motion of the ship. 

The only remaining question is : — How is the cable to l>e 
brought to the surface when hooked ? The operations of laat 1 
August failed from the available rope, tackle, and hauh'ng machine 
not being atpong enough for this very unexpected work. On na 
occasion was the electric cable broken.* With strong enough ' 
tackle, and a hauling machine, both strong enough, and tinder ] 
perfect control, the lifting of a anbmarine cable, aa good in me- 
chanical quality aa the Atlantic cable of 1H65, by a grapael or 
grapnels, front the liottom at a depth of two milea, is certninlj 
pnioticable. If one attempt fails, another will succeed; and there 
is every reason, from byuamicaas well as from the 186.> experience, 
to believe that in any moderate weather the feat is to be accum- 
plislied with little delay, and with very few, if any, failiog at- 
tetupts. 

Tlie several plana of proceeding that have been proposed are 
of two classes — those in which by three or more ships it is pro- 
posed to bring a point of tlie cable to the surface without break- 
iug it at all; and those in which it is to be cut or broken, and a 
point of the cable somewhat eastward from the break is to be 
bmught to the surface. 

With reference to either class, it is to be remarked that, by 
lifting sinniltaneoualy by several grapnels so constructed as to 
hold the cable without slipping along it or cutting it, it is poe- 
aible to bring a point of the cable to the surface withont subject- 
ing it to any strain amounting to the weight of a length of cable 
equal to the depth of the water. But so many simultaneoos 
grapplings by ships crossing the l*ne of cable at considerable 
drstancesTrom one another would be required, that this possibility 
is scarcely to be reckoned on practically without cutting or 
breaking the cable at a point westwanl of the poiuta mised by 
the grapnels. On the other band, with but three ships the cable . 
might no doubt be brought to the surface at any point along the ] 
line without cutting it, and without subjecting it at any point 
to much more strain than the weight corresponding to the ver- 
tical depth, as ia easily seen when it is considered that the cable 
waa laid generally with from 10 to 15 percent, of slack. And if | 
the cable is cut at some point not far westward of the wettera- i 
most of the grapneb, there can be no doubt but it could be lifted 
with great ease by three grapnels hauled up simultaneonaly by 
three slnps. (The catenaries concerned in these operations were 
illustrated by a chain with 15 percent ef alack hauled up simal- | 
Uueously at three points.) 

The plan which aeems to the speaker surest and aimpleat ii to 
cut the ca.ble at any chosen point, far euough eastward of the 
present broken end to be clear of entanglement of loat buoy-rope, 
grapnels, and the lose end of the electric cable itself; aud Uieo, j 

• The «trotige4jt rop« ariilftW* w,v s qu^niitt of ttxyvn of iron wire ftiid t 

together,, alvlo to benr fuuTtt^e^ ton*, wliicb wa* firt-pftiwl aieitjljr «• Im 
provide for the coDtin^reiicy of beiug obUtefi, by Htrt»sof weatb«r oroth' 
cnt And Ie4ive the oablc in lieop or cbulow water), And w«a A«c«iRlingl> 
fatliotti )pn{^h«, joined by «liadiel« and swiye-ln. Th« wire-rop« lUelf ntivrr 
on two of this thnw occmIouj a mrivel ijnve wrt. Un Mn* )**t rwicMloi 
fathoma of MadIUa ropt^ had to be tiaed for the np - - ' " -^-^ ' ■ 
ihi* wire buoy-rope loft; and vheo 700 UX\w. 
hoArd beside a ahacklfl, and the remafuing ^" 

1 lit home of fhro-rope and tli« grapuelf aud tho diitnc i.n is: wiucu a u.hj u ji.Lu, 
all loat for tbc year IBOJ^. 
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OP Ha ftontj nn possible afrer, to grapple and lift at a point about 

Ihree niilc* fariber eastward. This c^juld be well acd safely doue 

hy two sbip«, one of them with Ji cutting grapnel^ and tbo other 

(the Grefit K:i«tern herself) with a holiling grapnel. The latter, 

on hookitigt should haul np cautiously, never going beyond m «afe 

?ir-iin, *\n shown by the dynamometer. The other, when assured 

^ <ireat Enstern has the cable, should haul np, at first 

, but nllimarely, when llie cable is got well off the 

' I:, hy the Great Etuttern, the w*^8tern ship should move 

^; . 1 tstwards, and hiiitl up with force euongb to cut or break 

Thi« leaves three miles of free cable on the western 

e Great Enalern^B grapnel, which will yield freely ea8t- 

wf^tt if f partly lying along the bottom at fiiat), and allow 

Jibe Grfi'it Eastern to haul np and work slowly eastwardfl, so as 

' K*^p Uh jLtrnppling rope^ and therefore ultimately the portions 

of electric rnhle hanj^ing dnwii oo the two sidei* of its grapnel, as 

■'fieflfly verticnl as is necessary to make sure work of getting the 

Cftble on board. This plan was ilinstmted by lifting, by aid of 

two ernpn^la, a very fragile chain fa common bnas chain in short 

3 1 by links of fine cotton lhre;ul) froni the floor of 

t ' ty. It was also pointed out that it can be executed 

Lhy oue ^liip alone, with orjly a little deUiy, but with scarcely any 

nk of fnilnre. Thna* by firat hooktug the cable by a safe-hold- 

ii iifl, and hauHiig it np 2iX) or liOi) faihnms from the 

' mny be left there hanging by the grapnel -rope on a 

[Itvai'V, while llie ship | nKseods three milea westwards, cuts the 

iible there, and returns to the buoy. Then it i* an easy uia(U;r 

^in any moderate weather to haul up aafely, and get the cable on 

Koird. 

The use of the dynamometer in dredging was explained', and 
the force;? operating on the ship, the conditions of weather, and 
the means keeping the ship in proper position during the process 
of aluwly hauling in a cable, even if it were of strength quite in- 
auihoient t*j act when nearly vertical with any sencuble force on 
Ibe i*bip, were discusRed at some length. The manageability of 
the Gj*eat Eastern in skilful hands had been proved to be very 
much belter than could have been expected, and to be sufficient 
for the requirements in moderate weather. She has both screw 
i paddies — an advauLsge possessed by no other ateaioer in ex- 
oe. By driving the screw at full power ahead, and backing 
li.i- p.iMlfs t- prevent the ship fmm moving ahead^ or (ahould 
the fii f« w , \ i|Mivvf»r the paddle**) by driving ihu paddles full 
power a^tem^ and driving at the snme tiiue the screw ahead with 
p(>w#^r enough to prevent the ship from going astern, "steerage 
way ■* i» created by the lash of water from the screw against the 
rudder: and thus the Gre:it Eastern may be etTectnally steered 
wiibout going ahead. Thus she is in caira or moderate weather 
fklntost i%s manageable as a sntall lug steamer with reversing pud- 
dies, or as a rowing boat. She can be made still more manageable 
than she proved to be in 18G5, by arranging to disconnect either 
riaddle at any moment; which, the speaker was informed by Mr. 
(Jniinitig, may easilv be done.* 

The speaker refered to a letter he hftd received from Mr, 

'" ehief engineer of the Telegi-aph ConstroctioD and Mai n- 

tmpanyj informing him that it is luteoded to une three 

i to be provided both with cutting and with holding 

9 els, and expressing great confidence as to the success of the 
pt. In this confidence ihe speaker believed every practical 
tiiaii who witnessed the Atlantic operation.s of 1865 stalled, as 
dUi >»T«" t-' hi<i knowledge, other engineers who were not present 
Oil tl lion, but who wei*e well acquainted with the pi*actice 

rjf cv <^ and mending in various ae:is, Cj^pecially in the 

Mediternineao. The more he thought of it himself, both from 
'^hnt he had witnessed on V^tard the Great Eastern and from 
niiemptH to estimate on dynamical principles the forces concerned, 
^he more confident he felt that the contractors would succee<l 
Ttexi snriimer in milising the cable partly laid in l.S6o» and com- 
fikiihg it into an electrically perfect telegraphic line between 
Y«letittn and Newfooodland. 



CtRTiriCATK 9IGSKD BT FivRSONS OPftCIALLT EXQAGED IN LATIKQ 

Tiii ATLAirric Tkleoilafh Cable from the Great Eastrbk 

IH 1805. 

1. It was proved by the expedition of 1858 that a submarine 
telegraph cable could be laiti between Ireland and Newfoundland, 
and m^fsisagea transmitted tb I'd ugh the same. 

• It it bclag Acnt^ 
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By the expeclition of 1865 it has been fully demonstrated: — 

2. That the insulation of a cable improves very much after its 
submersion in the cold deep water of the Atlantic, and that lis 
conducting power is considerably incr^ised thereby. 

3. That the steamship Great Eastern, from her size and con- 
stant steadiness, and from the control over her atforded by the 
joint use of paldles and screw, renders it safe to lay an Atbinlic 
cable in any weather. 

4. That in a depth of over two miles four attempts were made 
to grapple the cable. In three of them the cable was caught by 
the grapnel, and in the other the grapnel was fouled by the chain 
attached to it. 

5. That the payiug-out machinery used on board the Great 
Eastern worked perfectly, and can be confidently relied on for 
laying cables across the Atlantic, 

6. That with the improved telegraphic instrnraents for long 
submarine lines a speed of more than eight words per minute can 
be obtained through such a cable as the present Atlantic between 
Ireland and Newfoundland, as the amouni of slack actually payed 
out did not exceed 14 per cent, which would have made the total 
cable laid between Yalentia and Hearths Content less than 190«) 
miles. 

7. That the present Atlantic cable, though capable of bearing n 
stmin of 7 tons, did not experience more than 14 cwt. in being 
payed out into the deepest water of the Atlantic between Ireland 
and Newfoundland. 

8. That there is no diflficulty in mooring buoys in the deep 
water of the Atlantic between Ireland and Newfoundland; and 
that two buoys, even wl»en moored by a piece of the Atlantic 
cable itself, which had been previously lifted from the bottom, 
have ridden out a gale. 

0. That more than four nautical miles of the Atlantic cable 
have been recovered from a depth of over two miles, and that the 
insulation of the gutta-percha-coveied wire was in no way what- 
ever impaired by the depth of water, or the strains to which it had 
been subjected by lifting and passing through the hanling*iii_ 
apparatus. 

lu. That the cable of 1665, owing to the improvements intr ^ 
duced into the manufacture of the gutU-percha core, was mor^ 
than otie linudreti tinnis better insulated than cables made in 18u8, 
then considered peifect, and still working. 

11. That the electricrd tesliug can be conducted at sea with 
such unerring accuracy as to enable the electrician s to dt.^covef 
the existence of a fault immediately after its prmluction or 
development, and very quickly to ascertain its position in the 
cable. 

12. That with a steam engine attached to the paying-out ma- 
chinery, should a fault be discovered on board while laying the 
cable, it is possible that it might be recovered before it had reach - 
the bottom of the Atlantic, and repaired at once. 

8, Canning (EDgineer- in- Chief, Telegraph Construction and 

MaiDtefiatioe Company). 
Jakes Audersok (Commander of the Great Kaatem). 
Daniel Ooocn, M.P. (Cbairmaji of Great Ship Company). 
Hknry CurroBD (Engineer). 
WitUAM TnoMSoir, LL.D., F.R.S. (Prof, of Natural Philoaophy 

in the University of Glasgow). 
Cromwell F. Varlei (Consulting Electrician of Electric and 

Intematiunal Telegraph Company), 
WiLLuiGHBY Smith. 
Jules Bssfecheb. 



Nrw Zealand CanaU. — A proposal has been made for the 
ct instruction of a canal uniting the navigation of the Kaipnre 
and Waitemata and the settlement of a block of provincial land of 
about 4o<>,0l)0 acres. In the Kaipara district thei'e is an immense 
territory of agricultural land, and generally of good quality. This 
land is accessible by the land-locked sea known as the Kaipara, 
and by navigable rivers and canals providing easy and available 
means of inland transit, but it is cut oflf from Auckland, effectually 
as if it were on the west coast of Canterbury, for all purprses of 
trade and commerce. A canal of a few mUes, through what 
might be called a level country, frem Brigham's Creek to the 
bend waters of the Kaipara, would connect the port of Auckland 
with that district, and make available to river steamers and 
barges of light draught about 300 miles of tidal river navigation. 
The block of land proposed to be given to any company which 
will construct the canal and cultivate the lan<l is intersected by 
two navigable rivers. It is genendly rich agrioultund land* 
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ROADS IN INDIA. 
Tet:Btt U a question which must soon be faced by the govern- 
ment of India, scaroeiy leas momentous to the welfare of the 
people, and fully as vaat in ila proportiona, aa that of irng-itiou. 
Sir John Lawrence, in his evidence before the Committee of the 
House of Commons on the ColonizJition of India, said, ** we are 
periehiog for want of roada." The expreaeioo was not only me- 
taphorically, but literally, true. But for the want of roads, the 
fiuniuea, caused by the absence of irrigation, could never assume 
the extent or severity that they do. Something has been done to 
equalize the distribution of food by the ctinstruction of the trunk 
railways; but, without connecting highways, the peasant, 80 or 
100 m'iles from the liue, cut off by jungle, i-aviue, and morass, 
might as well be a thousand miles off. 

Those who have had occasion to travel much in the intenor of 
the country, away from the few great roads which have crept 
slowly into existence during our century of occupation, must have 
often bad the urgency of this need forced upon their attention. 
The traveller, as he watches that marvellous combiuatiou of sticks 
and string in which four half-starved oxen drag painfully along 
his baggage, at the rate of a mile aud a half an hour, over hedge 
and ditch, or through ploughed fields, cannot but speculate ou 
what India might now have been, had twenty or thirty milhous 
been borrowed and expended in a worthy system of roods thirty 
years ago. Whatever Sir Charies Wood may boast in the House, 
and local governmenU in their admioistration reports, about the 
thou^nd of milee of **n)ad" constructed under our sway, every 
sportsman, every engineer, and every settler, to his cost, knows 
that, besides the Grand Trunk Iload and a few brauches, there 
is scarcely a road worthy of the name in the Bengal Presidency. 

What these ** thousands of miles" are like, may be supposed 
from the fact that, in one district at least, as published in an 
nthcial administration report a few years ago, they cost twelve 
shillings a mile ! The truth is, that two furrows are run with a 
plough, 50 or 60 feet apart, right across country, hedges and 
ditches being left to be levelled by successive carts tumbling over 
or into them, and there you have a " district road/' Many of 
them are simply water-courses, actually suuk six or eight feet 
Itelow the surface of the country; and we have seen perpendiculai' 
fails of three or four feet, with a fine cascade rushing over them, 
exteudiug right across the road. A mere common obatruetiou is 
an irrigation channel, taking the form either of a deep ditch, or 
an embauked duct, two or three feet high, by which the zemindars 
have coolly blocked up the road for convenience of irrigation. 

Bad as such roads are, they have the advantage of being visible, 
und so serving aa a guide from place to place. But they exist 
only as exceptions. As a rule there is no road at all between 
town and townj carts follow each other's ruU over the cuiiivation, 
sometimes estAblishing a defined track for a few hundred yards, 
but which again disappears in the middle of a ploughed Held 
further on. The zemiudai-s, not content with ploughing up the 
track, cut ti'enches, and plani thorn-buahes across it, to drive the 
carts to take some other route, from which they are in turn di- 
verted by the cuUtvators of the gi-ound. 

A considerable sum of mouey is spent by local committees 
fiH)m local funds, on commuuicatioua, but we fear that a great 
deal of it is simply wnsteti. Except in the North West Pro viuces, 
where there is a civil engineer for each commissioner's division, 
the money is disbursed without any professional advice or super- 
vision, and hence embankments are made where none are 
wanu^d, and victf wrsai bridges tumble down or are left high aud 
dry, aud little good is done. Every civil otlicer is BupjxjBed to be 
able to Uy out a road or build a bridge; although he would probably 
hesitate to j>erform an amputation, or to take the command of a 
frigttU!. In France all public highways and bridges are under the 
chaxge uf a highly educated cor}m of civil enpiieers, the depait- 
luent of Fonu wt Chausiteeji, and even in England, where we 
delight to do everything the wrong way, the system of parish 
muddling is giving way to the highway boards who have com- 
petent surveyors to advise them. How long will it be before our 
government acoepU the principle of division of labour i 

The melancholy results of leaving professional matters like 
road-making to civil authorities, who have neither the knov^rledge 
nor the leisure to supervise them, are nowhere more eonspicuouB 
than in the mountain roads of the Himalayas, excluding, of 
course, those under the Public Works Department. 

The aggravating way in which these roada are often aligned, 
can only be accounted for by a combination of the original per- 




veraity of the Puharees, which leads them lo take their paths o 
every hill, no mutter how steep, rather than go round it, with 
the ensriueeriug vagaries of aTehsil Chuprassie, whose sole notion 
of improving a road is to lengthen it. We have measured a 
gradient of upwards of 70 in 100 on a hill road, oonstnicted at 
some expense, where it might have been made shorter, and jet 
on a fiiir inclination, at no greater cost. And the most provoking 
thing is, that year by year, as we have pointed out m a pnner 
aiticle, an amount of labour is wasted by Chopmssie engineers, 
which, under judiciouB management, would serve to construct an 
excellent road. ^ , -i n * ^i_ 

Turning from local funds, which, though considerable in the 
aggregate, are but a drr.p in the bucket, compared with the re- 
quiremenU of the country, let us see what hope is afforded by the 
Imperial resources. We" spend something like a million a year 
on communications, of which one-half goes in ever-increasmg 
repairs. How long will it take to provide India with a decent 
system of roads even if we couiinue to spend half a million per 
annum in making new ones I But we cannot afford to do even 
so much without a radical change of system. Every rade of new 
road atlds a permanent charge for repairs, which must be deductea 
from the total grant, before anything is left for future extensions. 
Already the repairs swallow up half the grant; before many 
years are over, they will absorb the whole, unless it is largely 
augmented, of which the incretisiug demands under all other 
heads of public works leave little probability. 

What then is to be done? First, let us make the most of 
present means, by transferring the repaid of all except purely 
military roads to local funds, and reducing the repaira which 
roust still be defrayed by the Imperial government to the low^t 
point, by improved mo<les of construction. How the local funds 
are to be raised, so as to meet the burden thrown upon them, 
must be determined in detail by local governments, accepting as 
a fundamental principle that those who most benefit by the road 
should mainly pay for it. Thus, where a large commercial town 
ia situated on a road, some part of the octroi duties should bd 
devoted to this purpose. When the road passes through a rich 
agricnltural district, the cultivators, who are enabled to find 
markets for their produce, should contribute, whether by a carl- 
tax, a cess on the 1 ^nd, or statute duty in the shape of supnlymg 
materials and labour for repairs. Authorities are agreed thai 
tolls should be dispensed with if possible, but in some caaes thef 
will he the only available source of revenue, ,. . 

With reganl to the reduction of re paini, the anticipation that 
the Hiilways wouUl almost supei-sede the roads running pai*all el 
with them', has been but very partially realised, Aud the traffic 
noon feeders and cross-roads must increase fts the railways ge( 
into full working order. It ia pretty evident that the pr-esent 
plan of macadnmising with brick, broken stone, or kunkur, 
e3it»ensive as it is, does not last under the heavy aud concentnite«l 
traffic of the main trunk roads. The cost of continual renewals 
is crushing, and must be reduced, even if the first outlay for 
a more permanent surface be very heavy. The most fe.isible 
remedy seems to be to lay down a stone or iron tramway, ujion 
which the ordinary carta of the country can run; the traui*plat«s 
to be flat, and flush with the surface of the road. Ihis plaa 
has been very successfully used on the Commercial -road and on 
Westminster Bridge, at home. Now that the railway supplies 
tolerably cheap carriage, stone or iron tram^flates could be landed 
on any ymrt of tlie Gnind Trunk Hoad at a reasonable coat. The 
experiment is at least worth trying. 

Supposing, however, that we could, by such alterations, devote 
a million a year to new roads, how inadequate is such sura to 
provide a whole continent ! We have a century of leeway to 
make up, and it will not do now to proceed by such gradnal 
measures as might have sufficed if begun fifty years ago. Com- 
merce will not wait; the uewUan prosperity of the country will 
be strangled prematurely if vi'e do not remove the bonds which 
choke it. If a man has a valuable plot of ground, requiring oalj 
roads and drains to fit it for building purposes, which wdl quad- 
ruple its value, he does not wait till, by painful saviim 
from his income for a aeries of years, he can reali»> tba 
wealth that await him. He mortgages his estate to make tb« 
improvements which will pay off his loan and enable hina to gratfl 
its full value at once. We have in India a vast estate, whose 
value and i*evenue may be doubled over and over again Ky judi- 
cious ex ijendi lure. CapitJihsts believe this, they will lead the money 
on their faith in its capabilities. Why do we hesitate i D«ht 



4 

n 



I 



ENGmEER AND ARCHITECT'S JOURNAL. 



If oot tb« troT«t of eviU; if w*r coajea we pocket the necessity, 
and borrow, though, the luoaey uever returua. Why not borrow 
when the need i^ sa urg«Qt^ and tlie reaulta ao beuetkal? 
CAimls may be made by prlviite compaDies; roiids caiiuot The 
rftilways will never have a fair chance till a proper system of 
roiul^ feeda thetu; many uf them will cotitinue to be i. burden 
OQ Government fc»r the guarauteed interest. Suppo^ we liave 
to pay a miliiou a year to the railway shareholders, will it uot 
be ecuootuical to raise twenty millioDaf wherewith to make roads, 
lliftt will enable the railways to pay their 5 per cent., and 
rallev'e oii of this incubus f We shall still only have to pay a 
niUlioo to fund-holders instead of to railway shiire holders, but 
we shaJl be the gainers by twenty millions worth of roads into 
Iha biurgaia. The railway interest, and the cotton interest 
together, are all-powerful in the House of Commons ; why do 
they not unite in pressing the Government to give India her 
crying wants, eaajUs and roads I — CaleuUu Engineer, 
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^^^^^^neipnl Ruitu of Ana Minor^ illustrated and described by 
CaAELBs TcxiBEt and R. Popfle^vbll Pullan, F.R,LB,A 
Day and Sons, 1865, Folio. 

Aaia Minor has proved, as far as it has been exfirained. a fertile 
i^d of archilecttiral and antiquarian research, and that in more 
|»haae» of art than one; and yet there is something of the charm 
of novelty still lingering about the discovenes made or to be 
waide there, for it is a region lying more remot<?, and consiequently 
leoi visited, than Magna Oi-ajcia, Sicily, ami luly, and much of 
iU wealth is but partially kuown. The early Christian Churches 
of Eooie or Ravenna, and the Greek remains of Athens or 
Sjrntease, are well catalogued and have been thr.»ron^hly explored 
aod deecriU'd, but there are buildings of the highest interest in 
A*!* Minor both of Classic and early Chriitian character, which 
l>een the privilege of recent explorers to make known for 
St time to the world at large. 
The work before ns praposes to introduce to the attention of 
its reailers the principal of those ruinn which dispday the cha- 
racter of Classic architecture and sculpture, to be found in variona 
cities jikmg the eastern shores of the ^^gean Sea. It appeals, of 
course, first and chiefly to the attention of students of Greek 
architecture, bnt these are in the present day less numerous than 
they ouee were — ^far less so than tney ought to be — and the work, 
pernaps wisely, has been thrown into a shape which, while not 
too slight in general to be unfitted f(ir the purposes of the archi- 
teetnml student, is sufficiently free from wearisome technical 
B&inatiiie to have a claim on the attention of nou-professional 
readers ; in fact, it is a work which all persons of taste and 
ctilture will be gla«l to possess. 

It is to be regretted, and is regretted by all who would desire 

to see the architecture of this country asiiume a place in every 

respeet worthy of oar national eminence in other arts, that 

Itteutioti 18 too exclusively directed to the works of the middle 

sge*, and to the phase of art to which those works belong. Pure 

beauty of fjrm, refinement, proportion, symmetry, and dignity, 

ire foore fully illustrated by tiie works of Greek art than by tliose 

of the mid<lle ages; and we cannot hope to retaioithese properties in 

Oar sculpture and our architecture without aconst.^nt recuri'ence 

lo the Greek source. We welcome, eoose<^ueutly, the appearance 

of a work like Mr. Pullan's, for the sake of the progress of art, 

iha well as for its own sake, and we believe that it will ftirnish an 

♦effective contribution towards the art education of the present 

djiv- 

\V& have calletl this Mr, Pullsn's book, because, although M. 

-*8 name appears on the title page, this volume being, in fact, 

i ;: I r : ' i *>f abridgement of th^t traveller*s Inrge work, the responsi- 

,nd the credit of this publication belong to Mr. Pullau, who 

shiietl and condensed from Texier's work much of the infor* 

contained in the letterpress, and has selected the plates 

given, and has added some very interesting and valuable 

of his own. 

r* P<illan*8 introduction gives a succinct hiatory of the ex- 

icias of Asia Minor which have been carried on by various 

rs; c'>mraencing with Paul Lucas, who in 16f)9 traversed 

___ insula, but whose work is deacribed as unsatisfactory and 

iucorrectly illustrated; down to his own exact and comparatively 
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recent explorations. This is extremely well though brieBy done, 
and will enable the reader, whose curiosity may be excited by the 
volume under review, to underst^iiid where he may find supple- 
mentary information. Of all the various travellei*8 and exploring 
expeditions which have visited these shores, none hai-^ published 
so complete a record as the French Government expedition, 
under Mons. Texier, and it is to render the subject matter of 
this very large and costly volume accessiible that the present 
publication is uudertaken. 

A map and fifty-one plates, the execution of some of which kf 
extremely beautiful, are given. They refer to the thirteen or 
fourteen different ruins which have been selected from a large 
number for illustration, as being the most important and typical. 
The principal subjects are the Done Temple at Assos, the Temple 
of Aptdli B ranchidae, that of Jupiter at Aixani, andtlmtof Yenua 
at Aphrodisias, the theatres at Arzani, Aspeudns, and Myra, and 
the Temple of Augustus at Ancyra. 

A peculiar fe^iture iu the temples here illujtr.itdd is the ex- 
tensive peri bolus, or 8:\cred en c loan re, within which stood the 
templt^ itself. This has entirely disappeared iu the case of the 
vast temple of Apollo Bi'anchldoe where it was of great size, 
but it is still traceable at Aiznui and Aphrodisias; and the details i 
of the order from the iieribrdus at Aprodisias are among the j 
richest and most effective iu the volume. 

Perhaps the best illustrations given are those of the theatrei ( 
of Aspendus and Myra, and these buildings, elaborately arranged 
and carefully worked out as they were, uotwithatandiug their 
apparent aimplicitVi are well worthy of the study of the modern 
architect called upon to consider the problem, so well aolve<l in 
these buildings of how tu accommodate a very large number of 
apectaters au that they may all hear, see, and be seen, with per- 
fect comfort and safety. 

Throughout the work, both details and general drawings 
of the various buildings are given, so that by the help of them 
the reader will be well able to appreciate the peculiarities and 
the great beauties of the buildings itluiBtrated, and we heartily 
echo the wish expressetl by the writer in his preface, that these 
examples, carefully measured, accurately dniwn, and well de- 
scribed, as they are, may be extensively studied, and may tend to 
promote the improvement and advancement of our taste in 
architecture. 

We propose to conclurle by giving some extracts from the in- 
troductory matter prefixed to the work iUelf, showing the history 
of the principal publications, and first of the Dilettante Socit'ty. 

**A8 an appreciatian of the elogant architecture of the Greeks became 
more guneralf the Want of correct ddineations waa mnch felt, eRfieeudly 
by schoLara and antiqu&ries. Consequently, in 17fi4, tlie Society? Jif 
Dilettanti, which wa« founded in 1734 by » number of t^entlenien who 
had travelled oa the Continent^ and who were desirous of iutprt>viuiy the 
public ta^te in matters relating to architecture, resolved U> *«en(l 'Hit 
properly-qu."iHfied penfona to the East, 'in order t*) collect inf-irraation, 
and make <il^p*ervations relative to the ancient state of those oountrien, 
and to such monuments of antiquity as were «tUl remftinmg/ Dr. 
Chandler was selected aa Director to an Expedition, Mr, Itevtilt a« 
architect, and Mr, Pars as painter. They left En^'land in June 17^1, 
and returned in September \7^(\ having visited during that pen«»d the 
Troadt Smyrna, ClaaomenaE, Tws» Eph^ua, Miletus, Prietie, HrrHclL^a, 
Mylasa, Stmtoiiicjea, Tralles, Lixodica^, HierapjUs, C<»li»*^r "< mlis, 
Pergamufl, and Thyatira. The re?^ult« of their labours ^^ I in 

a Ito voluiiie by Dr. Chandler, in 1775, in two fulio voluuj Atth 

dcBcriptiriDB, iaauiHl by the Society in 1709, under tlw titk uf ^UAti'iui-^i 
ties of Ionia:* of these there were two editiona. The architectural detail* 
of several temples are given in tliis vuhmie, well drawn and ongravedj 
but BA the Mission had no fimds for excavations, tlie information ob-^ 
'tuined was in numy cases incomplete. 

"In l^^n, a second Miftsion was diepitehed te> the Levjuit tr,i nbtaijl^ 
further informatiun, consisting of Sir WUlLiju Gell, accompani*^' i- ^ ^-^ 
architectK, Messrs?. Gaudy and Bedford. They were instrnct 
Samoa, Sf\rtliS| ApbroJwitts, Hiempolis, Tmllefl, LaudicvTe*, J 
Pataiu, Cnidui, HalicamaHtuA, Mo^esia ad MieAodnim, Pritue, uud 
BraachidiB; and alio eeveral places in tTreece. The reiults were onh- 
lishe<l In a third volume of the * Ionian Antiquities/ and in the 'Ine*bu>d 
Antiqoitiea of Attica,' " 

After a reference among other tra^^ellers to the distio^aiiihedl 
aa 1 accoiuplishetl Professor Cnckerell* whose observations in A»im| 
Minor unfortunately remain for the moat partuupubliahed to ihii 
day, our author comes to Motia. Texier. 

*'lu 13S3, M. Guizot, the enlightened Minister of Public LiutructJoti 
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in Fntnce, cmatnUnotied M, Chadea Tejtior to c3q»lorw AJti» Miimr and 
rrrni*. M. Texier spent eevtral years in tbe:»v ct>untrio<*. He |MMHie4l 
tbruiigh Bithynia and the central provincef*, and returned t*» ConMUn* 
liiio|>t^« afterwanls Tiaiting Mvsia, ^olia, Caria, Lycia. He m>wle 
careful dettiikd drawings of all tlie finest monuments existing^ tii the 
oiontry. These were pul?U!»bed by the onlor anrl at the post of the 
Fnnrh f^ovemment, n\K>a his return to Eiirt^pe, in throe foHo vnJiitneR* 
Tbe eii|^viu(^ were by the beat artiatf*. and executed at great co*t* On 
aconitul of the great expenpnj of the work, it haii j»ot been gonurally 
noutisisible; con^quently the beautiful edilioeB illuatrated iu it havo not 
been studied a^ much ae they deserve. 

**A »(tiC4>nd Expedition was undertaken by M. Tenier, for the purpose 
4if nnuoving the friezes of the lempleof Diana Leneuphryiit: at Mikt^nt^ia 
«H MjBiuidrum, Thi« nperation wm successfully perft«'in«d. Tbe vase 
tit rerga«au8 and tlie frieae uf the Temple of Neptune at A«S4)&aUo were 
then Mbluiutid for the collection of the Louvre/' 

The English expedition, nnd the visit made by Mr. Pulhin 
hiiiiBeir are thus referred to. 

'T" TV '.J ^fp Q Newton, now keejwr c*f Creek and Rom.\.n anti- 
qi British Mna«um, was appoiuteii Vice*Con,s«l at Mitylene. 

cii iiitereat of art and archaeology. He thoroughly ejiplorcftl 

mn-ii >il the i{*land.% and frequently vistted the mainland, where he maiie 
many iTit*'fp«*tin^ df^coverie*. It had l>een ever his ambition to diseover 
tlw* flit* i.f MatjsoUiii, kin^of Cj^rm, which wa« considered 

one of i I s nf the ancient world. In \SC>>> he viaite*l Bod- 

mm. rim I * *^"" Greek (sculpture Huthceut tii indnc3 

him to ;i ' mment. which vn\s at once granted. 

A ship "f v\ - ' , an officer c*f tbe Itoyal Mugineei», 

Lieut. Smith, and a detachment of fiappers, were dbpattihed to aid him 
it) his operatiortA. In the month of January li^iiT, be hml the gatiitfac- 
tiou of a^icnrtAiuing without doubt that he had come upHm the mite uf the 
Maum>leiUD, and fjefore the expiration of the year he htvi obtained 
fiufticent architectural data Ut tlotermine the plan of the moTmmunt and 
itR general dimenainnB; and he had brought to light the magnificent 
Hcrics of sculptures now in the Bi-itish Museiun. In December lHfj7, 
Mr. Newton prooecdeiJ to Cnidue, for the puqwwe of thoroughly explor- 
ing that ancient city, the ruins of which had Ijeeii vwited by Sir William 
Cell and the second Mission of the Dilettanti Society. Here be made 
exoavationB on the site of the Twmple of Vcnun, at the Lion Tomb, tbe 
lower theatre, and the irmenoif of Hecate. During tho ^-care IHfilCt^, 
Mr. Newton and Lieut^ iSmith were enabled to explore the whole of that 
port of Carlo, from Lubratida and Eupomu* to tbe Bay of Mannarice, 
opposite the inland of Bh»^Je«. AmnngHt other dixcoverieg made waa 
that of the Ruina of tho Temple of Hecate at Lagina, with the scidpture 
•UhH of it« friese in tolerable preservatioa. Lieut. Smith identific<i the 
u\\» of Labranda, where was situated th^ celebrated Temple of Jupiter; 
«r5 * ^T'l ' ^T. .vJu,!^ Bargalia were viglted, and the ialand *>f Cnu wai 
til 1. Mr. Newton also visit*?d the ruinB of the Temple 

f>! ie, and brought from tho Sacrod Way which led Ui it 

tl -« now in tho corridor of thf? British Mueeum. In 

1 >T!t. by the Government to join the Exjiedition. with 

»i <i\ During this time I visited Budrum ami Cni- 

d' i of Cot, and upon my way home vihited the site 

Ot * I " j iui'i i xiL' ■^a;*i"iuva. 

♦• 111 13G1, tlie Dilettanti Society being desirous of obtaining further 
information aR to the state of the tites of certain ancient temples, c»3uj- 
miftsioneil me to virfit them« and report to them a« to the desirability of 
excavation at the following places:— The Temple of Bacchus at Teoa, 
whicli, thoogh it had been viBited by a former mission, had not lieen 
thor^iughly explored. The Temple of ApoQo Hmintheus in the Trosid, 
the remiuHH of which hwl been discovered by Captain Spratt. Tho 
Temple of Minerva at Prieno, and that of Apollo Branchida; at Miletuw, 
V'h-'' ^ ' '-^en vmitcd byth« Bu.T, ^ dition. During the joy r- 
II' ny for exphtratioiji. I -vhole coawt ncrthw.ird to 

til J ni the |Hiint that had ! .. - .. :.cd by Mr, Newton, and in 

IhiM munnrr, fivun the Gnlf of Mumietet in Cape Lectuni, on the north 
•idr nf fhr' Gulf of Ailryinittituu, completed a survey of tho coasta of 
C find *4]t»lLi, where we kJiow the finest buildings erected by 

ti "lonistB formerly existiMb Upon the receipt of my r^ort, 

tl " ' I to have the site of the Temple of BacchuH 

a' I. This was dtme by me in the s^irtng of 

1" : . i . -^„ .] enabled me to complete a restonition of 

tt i building, which I have reagon to believe will eventually 

** In the prcfcnt work illu^tratioas of the finest examples of tcmplca 
•nd other edllicea meaiuittd by M, Texier will be found, aooompanied by 
•hort descriptiouK taken from hia writings and from those of other 
travf^ll^T* in Ama Minor, and preceded by an outline of the various 
c^ ' for the survey of the coast. T\my it is hop&d^ 

1) tive to the general reader, and may add srjuie 

litv.. i~, TT.».4« lo ..u^i.c^v kiiowTi of the antiquities of this mo#t intereating 
country/* • 



NEW BRIDGE OVER THE NIAGARA BIVER. 

A TEW miles above tbe faila of Niagara is Gniud Iiiland, not 
far frntn tbe dty and j>ort of BuHiila, on Lnke Erie. Here a 
raiiwfty and roadway bridge is to Ive ounstructed* to tua^ke a 
further connexion of the lines in the States and in Cunnda, more 
e-jpeeiiilly bf^tween tbe Atlantic and Great Weaierii RaiiwaVi aud 
the Great Western anrl Grnud Trunk of Canada. 

Thirt, the lulernatioual Bridge, ia in two jiorriotiB, one betweea 
Blackrock Harbour and Grand Island, and the other over the 
Nirig?4ra river to tbe Canadian shore. The latter will be th« 
princifMl bridg«*, and will be IS^JO feet long, having aix ajMing of 
250 fett eficb, Ijesides a pivot bridge, £50 feet long^ pi*e!»enting 
two ofi^uingti of l(J5 feet each. The Hlnckrock Harbour bridge 
will conaist of one iixe«l spao of 111! feet and one of 82 ft, b in., 
together with a awing bridj;{e 2U5 ft* 4 iu. long, forroingtwo open- 
ings of 82 ft. i in. eaciv. Tbe giniera, of which there will l»c two 
to each HpAii* will have their Uip and l»ottoiu n)einl*er9 furtiied 
of n box miction* with outside and inaide angle irona. Th« 
boxes will be 24 inches wide oataide tbe aide idalen, and 
^{i inches wide over tlie top and l>ittom platets, the rleptli of 
that fonning the top chord l^eing 3G iiicliea, and of timt foriiiittg 
tbe bottom chord 30 inches. In tbe 2'iO feet spans tbe plates 
forminj^ the sides of tbe h»wer cbi>rd will vary from I inch to 
^ inch in thickness, wbiUt tb« top and bottom will consist of from 
one ^ inch plaie at tbe ends to two j inch plat^^s in tbe centre. 
The vertical distance between tbe top and liott^^nn chores will be 
16 feet thronghout, making ibe depth of the girders 23 ft iu. 

The girder:* will be pUced at a distance of ;12 feet apart. thi« 
space lie ing divided into two equal portions by a pari ill on 10 fttt 
high, one part betu^ intended for a carriage nmd, and the othrr 
for tlrn railway. Tlu*re will also be a footway (1 feet wide carried 
on cantilevers outside each girder. The road and niilway will bo 
carried by plate cross girders 24 inches deep» the webg of which 
will be formed of § inch plute, the lop and bottom flanges 
lieing 3 iochos wide« and tbe former l»eing made of i inch, and 
tho latter of ^ incli plate. Tbe angle irons will be 3 inch X 
3 inch X i in*^h. The cross girtlera will rest ii(K)n timber packing 
• iuter|j4jse<I between tb»*»» and the bottom flaugt« of tbe lower 
chords. The top chords will be connected by light lattice girders, 
and! tbe diagonal bracing consisting of round rods will t»e aiidcil 
to Iwith chords. 

Tbe top aii'l Wttom cbonla will be connected by lattice bracing 
placed at an angle of fiO^; the struts and ties making one Inte^- 
section. The ties are to be arranged so that they pass otitaide 
tbe strnt.s; tliey will tw? made of i-i iron, and iu the 250 feet ^pana 
their sPctirMis will vary from 2 1 inch x J inch to 8 inch x J incli^ 
the ribs of the channel iron being in all cases 2 inches deep. 
Where the ties join the top and bottom chords, the ribs of the 
cbanuel iron will b-e cut offhand tbe web wilt be carried tbrougli 
slots formed in the top plates of tlie bottom chord antl Vuittom 
jdates of the top chord respectively. The struts will be of ptaid 
iron and angle irons formed into a m section, their width being 
equal to the distance bntweea tbe ties, or 23 inches. The plate* 
of the webs will vary fmni ^ inch to J inch thick, .%tni thfr 
flanges from 18 inches wide by } inch thick, to G inches wide bj 
f inch thick; the atigle irons varying from 4 tuchea X 4 iuobca X 
I inch, to 2 J inches X 2^ inches X 3 ^^^^* 

The girders of the awing spfins will in each case be attacbfil to 
a kind of double drum about 40 feet in diameter, made <*f pUle 
in>n. This will lie connected to au inner drum 3 ft, (K^iu.ta 
diameter by cross girdera and Ite^rods, an<l to this inner drum tho 
Rteel cap which cavnea the whole weight of tbe bridge will b« 
bolted. This cap will rest upon ii set of coniad steel roller*, 
which run iu a circular chauuel formetl for them, partly in ih© 
nuderside of the ©^p, and partly in the lop of a ateVl block- 
beneath ihem. Tbe block just mentioned will re«t upon the 
ronnded point of a conical steel casting abontCft. Gin. Iiigh, 
which will be fastened down to tbe top of the pier. As we bavf 
already stated, the whole weight of the swing bridge will re^ 
npon tbe eentral point, but steadying roMerS) running on % 
circular rail, will be lixed around tho bottom edge of the ootei 
drum. 

The greatest depth of water in l!ie line of tbe bridge occur* ii 
the Niagara River near the awing spftns, where it is Hlx>Qt 
feet deep. The height of tbe bridge above the waier lev<»l wilJ 
be about 22 (It. Bin, The bridge was designed by Mr, Tbomi 
W. Kennardi the engineer to the Atlantic and Great W^etei 
Bail way. 
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THE HYDRAULIC LIFT GRAVING DOCK. 

A paper by Mr. Edwjn Claek, oh the above subject, of wbicb 
the following ig an abstracl, was lately read at the IxiJ>titutiou of 
Civil Etiglueers, 

It wn« Bt?ite(l tlmt ihtd iaventioa dated as far back as the year 
IbjT. At that time the Victoria i L^udou) Ducks were just 
'•otujdeted ; and the eogiueer, Mr* BidJi^ri being auxioaa to 
;i t rpt some cheaper aydtem of ducking^ hirga ves^jels, thau by an 
ui'iiiiary graving donk, or aoy modidcationaof it, considered 
various schcmea for tloating docks. These were, however, idl 
foatid to Lie tum-e or lea^ objeutiouable, from the dilficulty of de* 
ejgoitig f'lich Urge floating structures with sufficieut regidity to 
preserve their forra uuder very variable straius, and of insuring 
that sUbility of tlotatiob which was wauling io all floating docks 
then in use, u*i well as from their enormous cost. It thea occured 
t Ehor, who under the direction of Mr Robert 8tephenaoQ 

' ned the inachrnery, and superintended the ruisiugof 

iji*i L.iiwtuniaaod Conway tubular bri<l^ea, that a Hiniilar pr<w;eaa 
might with at! vantage be applied to the d<>uking of a vessel. The 
probbro wa* simjdy to raise a given weight to a moderate height 
in the nionl rapid and economical manner; and there appeared to 
\^ n-i f^^JMOQ wJiy a Vessel aUould not be dealv with iu the same 
V other load. The weight actually lifted at the Bntao- 
^'\ with only three predsea, was* equal to that of & Fesael 
ot icMj tons. 

Iq noticing the early hiitory ofgiaving docks, it was remarked 

that thv expedients at first adopted continued in use in their 

origiiiat furm, the principles involved having in no way been 

d«fiane4l fioiu ; so that a modern fi rat-class graving dock only 

ditfered In iti» dimenaionti and details of construction. Allusion 

was next made to the dry docks at present in use, and^he diuieu- 

Bions was given of a work of this kind recently completed at 

V lib, which was snflieiently large for docking the 

r/ a vessel of 6621 tuns. The inclined plane or shp 

ii;iii 111 -If i^eoeived its share of improvement. In situaliona where 

the foreshore was favourable, it was observed that tlie slipway 

*. ., *'■ uliarly applicable for small vessels, on account of its 

rind that tlie liydraulic press had been used advantage- 

^ hfiuling i^ower. But a graving dock of large dimen- 

iiiouH \s «H iiecessarily a costly work, tt must be approachabie by 

a deep chaiiueJ, and must therefore be adjacent to deep water* 

In a gravelly soN, or in rock penetrated by fissures, thedRficulties 

were sometimes nearly insurmountable. Doubtless the great 

cost of these docks, and the impracticjibility of making them at 

h\i, iu some situations, led to the use of floating docks. These 

were at first built of timber, of moderate size ; and a description 

vrm given of a work of this kind in the harbour of Marseilles. 

The ^me principles were subsequently applied to docks of large 

dimensions, constructed of wrought-iron, and furnished with 

pumping machinery. This system attained considerable 

lent in America, there being timber dockii on this 

it New York, Charlestown, Savanuahj Mobile, New 

I I ismouth, and Peneacola, a full description of which 

i>; I nn/l in Mr. Stnart's 'Naval Dry Docks of the United 

11 lone at Fortsmcitith and Peusacoia were so arnuiged 

t :\ vessel was placed on the pontoon, it might be 

m ltd cratlle, on bed ways prep[ired for the purpose* 

LIS of that at Pensacola, which was completed in 

ii tlie ccst, were given. The floating sectional docks at 

Mtisco and at Philadelphia were next described, it was 

1, that the use of floating docks was neces»ar>ly limited, 

f I V their enormous cost in construction and manipulaiion, 

i r liabtlity to accident from midmauagettfeut, of which 

were cited. , 

XL ,4 view of meeting, as £ar at poasible, the objections 

to e X em a, that th e au t h or proposed th e Hyd ra u 1 i c Li ft 

Onivirj^ J • Mck as an etficient and economical substitute for the 

rwquire'lneots of the Victona (Ixindoii) Docks. The works were 

r;'- ■ • »" ■ -Hertaken by * The Thames Graving Dock Company,* 

^ i being a plot of 26 acres of laud lying between the 

and the Thames, and below the level of high water. 

^ ted of a direct entrance from the Docks, with 

vilter level, without the coat and delay of a special 

torn the river. The soil was a deep bed of bog and 

I u<i, on a substratum of gravel. The only excavation 

ii i the lift pit, and its deep entrance to the dock, 

\^ ' .Lim was employed. The depth of water in the 

lift was iJl feet ; over the remaining water space it was only 6 feet, 
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which was the maximum draft of the pontoons. In the shallow- 
water space there were eight pontoon berths, sep'irated by jetties, 
for workshops and access. They were all 60 feet wide, and from 
300 feet to 40t> feet long. The area of shallow water wa^ Id 
acrea, or sufficient for floaliug 15 or 20 pontoons, which it 
was estimated was about the number that might be kept employed 
by a single lift. The ducking of a veasel consisted of two distinct 
operations : — first, the direct raising of the weight on t!ie lift ; 
second, the transportation of the vessel to any convenient poaitioa 
for its repair on the pontoon. The lift was a direct mechanioal 
applianoe for raising the vessel by means of liydraulic presses. It 
consisted of two rowsof Cn'^st-iron columns, each o feet in diameter, 
sunk about 12 feet in the ground. The clear space between 
the rows was GO feet, and the columna were 20 feet apart 
from centre to centre, and were placed on each side of the 
lift pit. There were sixteen columns in each row, giving 
a length of 310 feet to the dock; but, as vessels might overhang 
at the ends, ther-e was a firactical working length of 350 feet. 
Tlie columns were sunk iu the usual manner, about three or four 
being fixed per week. When the requisite depth was attained, 
the base was filled with concrete, and covered with a layer of 
jjlanks, to act as a cushion for the caat-irun seat on which the 
press rested. The c^lumna supported no weight, but acted solely 
as guides fur tlie cross-heads of the presses, which moved io slots, 
reaching from the top of the presses (just clear of high-water) to 
the top of the columns. The column was covered by a cap, and 
each row was firmly connected together at the top by a wrought- 
iron framed platform, running frain end to end of the dock on 
each side. This platform formed a convenient permanent scaf- 
fold for raising the rams. The whole length of a scaffold was 
6S feel (i inches. Each coluum enclosed a hydraulic press of lU 
inches in diameter, having a length of stroke of 25 foct. The 
rams were solid, and each carried a boiler-plate cross-head 
7 feet 6 inches long, thus extending 1 foot 9 inches beyond 
the column on each side. From the ends of the crosa-head 
were suspended two iron girders, each 65 feet long, extending 
aerosol the dock to the corresponding colunm and press on the 
opposite side. Thei^ were thus sixteeu pairs of suspended girders, 
furmiuga large wrouj;ht-iron plattbrra or gridiron, which could be 
raised or lowered at pleasure, with a vei^sel upon it The sectional 
area of each ram being 100 circular iaclies, a pressure of 2 tons per 
circular inch gave 2O0 toMd aa the lifting power of each press, or 
GiOO tons for the whole lift; but to tind the available lifting 
power, it was necessary to deduct 6*20 tons, being the weight of 
the nims, crosA-heads, chains, and girders, leaving 5780 tons for 
the pontoou and veasel. The water was forced into the presses 
immediately beneath the collar at the top, this being an accessible 
position. The grouping of the presses was au important con- 
sideration. Stability was secured by arranging them in three 
groups; one group of sixteen presses occupying the upper part 
of the lift, the remaining eight presses on one side forming a 
second group, and the opposite eight constituting the third 
group. The presses iu each group were all connected, ao that 
perfect uuiformity c>f pressure was secured in each group as 
regarded its individual presses; while the three groups were 
arranged so that their centres of action formed a tri|jod 8up|3*jrt, 
upon which the pontoon was seateil As any one point of the 
tripod might be raised or lowered, without regard to the other 
two, by the most simple manipulation, the pontoon could be 
either maintained perfectly level, or any inclination could be 
given to it that was desired. Any pair of presses might be 
instantly cut off in the valve r<»om, by means of a plug, ev^li 
during the operation of lifting, without interrupting the pi*ocefla. 
It was atatetl that the raising of a vessel occupied about twenty- 
five minutes ; and that during the severest cold, a few ooca- 
aioiial stnjkes of the ei^gine were snfficient to keep all m 
motion, an«l prevent congelation. 

This lift was all that was required for raising or docking a 
vessel, and it was believed that it would be found more eoono- 
njic^il and convenient than any ordinary dock; but it would ac- 
commodate only a single vessel, wherejis, by the use of pontoons, 
ati indefinite number of vessels might be placed afloat, whilst the 
inr>i*t ci>stly part of the system remained oousLantly avullable. 
The following was the arrangement adopted: An open pontooa, 
propDrtioued to the size of the vessel to l>e docked, was selected. 
Keel blocks and sliding bilge blocks adapted to the vessel forined 
part of the pontoon, which was placed on the cross girders, and 
sunk with them to the bottom ot the dock. The veftsel was tliOQ 
brought between the columasy aud moored secur^y over the 
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ctre of the pontoon. By lifting the girdorB, the keel blockn 
I first brought to bear under the keel of the vetse!. The aide 
ka were then hauled ia, by chaius Imd for the parpofie od 
, eide of the dock, and the girders and the pontoon, with the 
el upon it were then all raised by the presses clear of the 

iter. The pontoon was provided with valves in the bottom, 
and thna emptied itself of water. The valvea were closed and 
the girders again lowered to the bottom, but the pontoon, with 
the veflsel upon it remained a6oat. Thus, in about thirty 
minuteB, a ressel drawing 18 feet of water waa left afloat in a 
Bhallow pontoon drawing only 4 feet or 6 feet, and might be taken 
into the shallow dock prepared for ita reception. The detaiU and 
dimensiona of the aeveu pontoons at preaent in use were given. 
The cost of the lift complete and fixed* including colnmuH, 
presides, girders and pipe.^, had been ^20,300; of the 50 II. P. 
oondensiug engine pumpa, kc^ £3600; and of the connecting 
pipes, &c., j£l628. At the end of laat year one thousand and 
6fty-6ve vesselii had been lifted, of an aggregate tonn&ge of 
712,ii8n tons, without a single casualty. 

The advautajTes of the pontoon were then discussed, and oertAiQ 
proposed modifications of the system, showing the practicability 
erf enlarging it to meet the reqairements of Yessels of any sii&e, 
were desert oed. 

In conolosion the author considered the principal features of 
the system were its economy of first oost, by the short time re- 
quired for its construction and erection, aud in subsequent main- 
tenaoce, by the himple and dutiable character of all its parts; its 
adaptability to almost auy situation, especially in harbourii or 
tideless seas, by which any area of shallow water could be ren- 
dered available as a dock for the largest vessels; its c;*pability 
of almost indefinite extension, by the nst^ of additional puuLoons, 
or, 9A regarded the lift, by the addition of extra columns; its 
rapidity of manipulattou with a smrill »ix% by which even vessels 
in oftrg> could be doeke^i, wilh freedom from all strain; and the 
conveoieiit aci>i!jsibiliiy it afforded to all parts of a vessel, and 
specialty in painting irou ahip.^, their free expnanre to light aud 
These characteristics were the result of direct experience; 
PS might bg indimted. Thus it is evident the syBtera 

forded ready means, by the construction of a shallow caual, of 

an^porting the Urgent vessels iu cargo, either across an isthmus 
or over shallow rivers, and of removing vessels of war inland, 
either for their protection or for their employment as a means of 
iaternal defence; or fur the laying up under shelter, or building 
or navigating vessels ia any shallow- water space, rendering un- 
n**ce«njary the large area of floating dock accommodation now 
r^^tiired, by which a considei'able portion of l!ie enormous 
expenditure which characterised such works might be econo* 
miaed. 



NEW CHURCH, THORXCLIFFE, Ni5AR-' SHEFFIELD. 

(With an aifjravinff. ) 

This church is of early Gothic design of the Fi'ench develop- 
lueut. It ctju^ists of nave, transepts (now used as vestries), and 
tpwer at its west end, wh'^re is also the principal entrance. The 
beight to the wall-plate of nave is 20 feet, to ridge of nave 44 
feet, aufl to ridge of transept 37 feet The external dimensions 
of the plan are 92 feet long, by 68 feet wide; across transept the 
nave iii 3fJ feet wide; the tower is 66 feet high, to which it is 
intended at some future period to add a spire. There are gnWe- 
ries over the vestries and lobby in tower; sittings are provided 
for 333 persona on the ground door, and in the galleries for 1S8, 
luakiug a total of 521. The entire cost waa £iGrjO, 

Th»» traceries of windows and moldiugs of doors are i*ery bold 
ftud simple. At the east end is a semi -octagonal apse, in which 
M pl.n^ the c*3mmunion table. The church is built for Messrs. 
Xcwton, Chambei-a, and Co., by whom the heating apparatus is 
prfivided. Their apparatus is found to be very ellicient, and ia 
very highly recommended by the architects. The walls aro 
2 feet thick, those of tower 2 ft. 6 in. In the tower are clock loft 
aud belfry loft. The walls are built of range work of native 
•tone; the shafts in doors, &c., are red Manatield atone: the roof 
IS covered with slates with Delabole bands; the internal 6ttiog8 
are picked re<i deal sized and varnished; the roof is boarded to 
collars, in which are ventilators communicatiog with an exhaust- 
ing fine in tower. The floor of the church is laid with Godwin's 
€!j?cAUstic tiles. 
TMectareh oocupiea m aiie oo the top of the lull, oommaBding 



a very extensive prospect, and has been erected almost entirely 
by the munificence of iletjsrs. Newton, Chambers, and Co., of th© 
ThorncliflFe tion Works, from the designs and under the superin- 
tendence of Messrs. Wilson and Willcox, of London and Bath, 
architects. The buiUlers were, Mr. Robinson of Barnsley, mason;; 
Mr, Smith, of Hemingtield, carpenter and joiner; Messrs. Lead- 
beater and Brown for the other trades. Mr. Sykes was Clerk of 
Works. There have been very few extra. 
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THE INDIAN TRAMWAY COMPANY. 

Thk Railway system of India is one of the most important to 
the world, and yet it is one of the weakest, sioot it everywhere 
seeks to meet the oommercial requirements of immense masses of 
population by long main lines. These, of necessity, are con- 
structed with reference to the political needs of the Government, 
as much as with regartl to the commercial wants of the pieople> • 
And even, were it not so, it is evident that the farther a main j 
line of railway penetrates into a country like India, the greater ■ 
is its inability to meet the enormous traliic which will seek^ by 
its means, an easy and speedy mode of transport to the metropolis. 
That main lines of railway like that which links together two 
such cities as Calcutta and Delhi, are altogether nnable to meet 
the demands made upon them, the public have not now to learn. 
Travellers are filled with astonishment at the traffic of therailwaj^ 
aud wonder at the Quantity of produce encumbering almost every 
station beyond Burawan. So great, indeed, is the pressure oa 
the resources of the railway, that the construction of a double 
Hue throughout its length is a mere question of time, and one 
upon which there is oo division of opinion. But we require % 
stimulus for local tralfic, and a means for fostering trade betweea 
neighbouring districts. The external commeice of the country 
will, to a certain extent, look after itself, but the internal trade 
is yet in its infancy. The greatest efforts are made to provide 
foi' a yearly increasing export trade, whilst little or nothing ia 
doing to bi*eak down the barriers between province and province, 
aud to create aud stimulate trading intercourBe betweeo the 
various nationalities of India. 

The Government is at a has how to meet this want It cannot 
make roads fast enough, aud besides this, its first duty is to make 
the districts easily accessible from the metropolis, rather thaa 
eiisily accessible to each other. There are, however, two oom- 
pnnies iu the tield, who promise to do this last work more effee* 
taally than any Government ooold da These are the Indian 
Branch Railway Company and the Indian Tramway Company* 
We have before us "the Proceedini^s uf the Fourth AtiQtial 
General Meeting" of this hxst company; at this meeting the 
report for the year IiHGo was read. 

The proceedings, which are accompanle^l by an excellent map, 
have reference to the line between Arcouuiu and Corijev«ram, in 
the Madras Presidency. This line was opened for 10^ miles on 
the 8th May, 1865, and for the whole distance of a little over 18 
miles on the 1st August. Of the total length, 14^ miles were ^ 
constructed on a 'iovernment road, whilst 4 miles were carried fl 
across ooantry. The total cost of the line was X75^CK)0. Now^fl 
taking into coosideration the whole of the circumstancee of a 
railway scheme of this nature, and remembering that a short 
line is almost as expensive as a long one, we find the line between 
Arconum and Coujeveram has established the following facts : — 
" The railway had been eonstructed, not only within the capital, 
but withiu the mileage cost originally assumed, and the returns 
already exceeded the highest per-centage ever obtained on any 
Colonial line during ths first few rooutha A weekly mileage 
return of £9 Would pay h per cent., aud the line was earning at 
starting about i,7 of that sum, witli % constantly increasing 
tratfic The shareholders were entitled to the full cretlit of 
having established the important fact that cheap li^ht Usee of 
railway could be made in India, at a total cost for all expenses^ 
including engines aud rulling^tock, of £4000 per mile, capable 
of transporting loads of lix> tons at 35 miles an hour, at a very 
moderate oost for fuel, with working expenses commencing at 
65 per cent., which had since been rednced to about 60 per 
cent, aud at its earliest oi>euing paying a dividend of 4 
cent" 

This should show the Government the value of these oul] 
diary companies, and induce it to grant them more liberal as 
favourable terms for the coustructiou of tines of light ndlway 
which shall foster and develop trade between prorince 
provinee*— ITurAiinL 
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THE COUNTY LITNATIC ASYLUM. CLARE, 
IRELAND. 

Ties site cf ihia baildlng couaisU of 40 acreji of land witbm a 
fiiik of Entiis, oa lh« Gort-road, at the tiorthern side of the town. 
The boUJitig faces the »outU, towjirdji which tlie gmuud slopes 
ffenlljT* The crhnrHCter of the buildiug ia sinipk and bold. There 
lit a oetitfJil toiler of gnrn] ontlioej the windows generally are 
circwUr-beitded, have pUta aqaare ai'chitrav'es durrouudLag them 
ttoDped ou square ailLi. 

It ccm^isls of a front centre building containiug the official 
restdenoe* and public rootiii«,two wing buildings for the p?itieutft| 
with two airing courts at the rear of each, and a rear centre 
littibJiig coBtaiiiiug the diaing-hall, kitcheo, laundry, and other 
offices: the front and rear centre buildings are couuected by 
[cohered corridors. 

The extreme length is 600 feet, of which the front centre 

^ building occupies 80 feet, the wing buildings extend 200 feet at 

«ach aide, where they return about 100 feet^the remainder of the 

(length Wmg cMicupied by the infirmaries. The extreme depth of 

lihe building at the centre is 3;jO feet, anrl embraces the kilcheu 

49pce9, with t!ie rervr and front centre buildings. 

trage in size 40 feet by 24 feet The dining 

I 18 56 feet by 30 feet, aud the height of two 

tttor!^ wUh an open roof 

A M»riefl efd;iy- rooms, on the groaud floor, dormitories on the 
\ upper floors, connected by passages of moderate width, have been 
|*dopt€d. It is thought, with the annctioa of the Board of Con- 
trol, that this arrangement fu separating the day nnd night 
aooomcD^datioB of the patients, and otherwise assimilating their 
circnrastances to tho« of ordinary life, i« preferable to the usual 
ei;rildor, or "ward Bystem,** aa it ia termed. The infirmary 
buildings are placed at I he extreme ends of the winga. At the 
rear, connected with the airing courts of the male wing is a 
worktttg ground, with suitable workshops opening to the same. 

The front centre building, which projects about 60 feet from 
the vriBga, is placed at a higher level, and with a terrace front, 
admits of a basement, in which the kitchens and odices for 
phjrsictan and matron are placed. The chapel, which has a 
v«^try and sepanite entrance for male and female patients, is 
I situated on the tirst-floor at the rear of the front centre 
1 building. The ground floors of the wiugs are chiefly appropriated 
I for day- rooms and single rooms. The day- rooms nearest to the 
centre, at each side, are ft)r the tranquil patients; those more 
diitasit foe the rtfractory. These latter are mostly intended to 
sleep m cingle rooms, situated in the returns of the wings. The 
refrictory patients all through will be sep^irated from the rest 
The tranquil patients will sleep on the uppier floor, chiefly in 
dornittories; and the middle class of patients will occupy the 
first or middle floor, where day-rooma and dormitories ai-e pro- 
iHded for them. The attendants' rooma are placed next the dor- 
mitories, with glazed doors between, and are in the pi-oportion of 
0D6 attendant to thirteen patients on an average. The whole 
namber of patients for which accomniodattou is provided ia 260; 
and ^> ft, superficial are provided in the day^rooms for each 
patient, aud 50 ft superficial in the dormitories, the ceilings 
being 12 ft in height. 

Infirmary accommodation is provided for ooe-tenth of the 
' ole number of patients, aud single rooms in the proportion 
10 per cent. Two staircases with solid wells are provided for 
each wing. The kitchen, 33 ft. by 30 ft, adjoins a scullery and 
a b<iiler-house. The farm ofScea, steward's house, &c. are to 
eomnrise a separate detached block of buildings. 

Tne walls are built of the l«cal liglit-bloe limestone, and the 
outside walls are lined with brick of the locality, the quoins and 
dressings neatly chiselled* Sandstone ia used for staircases and 
door-eilla ; and, as a check ta the spread of fire, should such 
Cfir happen, stone-sills, resting on arches, axe set across the 
eorridora at intervals of about 40 ft The cross walls which 
there oocar are carried up to the underside of the slating. The 
* ' B for the floors throughout are carried on stone corlwls, and 
I lintels are very sparingly, if at all used. The roofs of the 
Rg-hall, kitchen, and laundry are formed with open timber 
' framing, and have louvred ventilators. The floors of the water- 
doeeta, lavatories, and baths are formed of Valentia slate. 
Almost throughout the entire buildiug the interior is plastered. 
The windows nave wood sashes, except those to the single rooms 
for refractory patients, which are of wrought-iron. The ventila- 
tlo& ii to be effected by fluea from each roooiy carried into 



horizontal galvanized iron air-trunks in the roofs, thence into 
the side towers, in each of which a shaft is carried up, with fire* 
place at bottom to ensure an upward current These building 
were chiefly designed by Mr, W. Foj^^eriy, architect, of Dublin 
and are being completed und^r the joint* superintendence 
Mr. J. Fogerty, of Limerick, and Mr. A. C, Adair, the countjj 
surveyor of Clare. 

The amount of the pre^^ent contract, exclusive of boundar, 
wall, gate and other lodges, farm offices, baths, water-cloaeti 
and engineering works, u about £29,000 ; but it is estimat 
that when these additional works are completed, the tot 
cost will amount to £35,000. Mr. Michael Meade, of Dublifl 
is the coutnictor, and Mr. Fitzgerald clerk of the works. 



(Ofcituarg. 

John DiJton. — .John Dixon, of Darlington, civil engineer, die 
10th Octol>er, 1865. He was the oldest railway engineer < 
the day, having been the resident engineer on the Stockton aa4 
Darlington Railway, under the celebrated George StephensoO. 
when he made his first attempt at railway engineering; and it il 
singular that, after executing various railways in different parll 
of the kingdom, Mr. Dixon should return to Darlington to end 
his days lu consulting engineer to the Stockton and Darlington' 
Railway Company, in whose service he died, having been from 
1320 U> 1865 actively engaged in the construction and manange- 
ment of railway?. He was born at Cockfield^ near Raby Caslle, 
Durham; his father was a colliery owner as well as a land sur- 
veyor and colliery eugiueer; and from him he received that sonud 
practical and scientific knowledge which was of especial service 
to him in after life. It may be noticed that his grandfather^^ 
brother was selected by the Royal Society to go to Bencoolen, in 
Sumatra, to take observations of the transit of Venus across the 
sun*s disc in 1761, and also to go to observe another transit of 
Venus at the laland of Hammerfeat, near the North Cape, ii ' 
1769. When the queation of making a communication between 
the Durham collieries aud a port of shipment was under discus* 
sion, Mr. John Dixon was able to give some very useful in for-, 
mation, having in his poasession plans and sections which hii 
grandfather, George Dixon, a man of scientific eminence in thd 
county, had prepared about the year 1760, when he proposed" 
canal communications with the collieries. When George Ste- 
phenson was consulted aa to the construction of the Stockton and 
Darlington Etailway, Mn Dixon was engaged to show him the 
plans and levels in his possession, and to accompany him in 
examiuitig the di&trict; a strong frieudahip then sprung up, which 
lasted through life. During the constjuction of that line ^(r, 
Dixon remained at Darlington as Mr. Stephenson's resident 
engineer; and it wa.s during this period that Mr, Stepbeoaon*s 
only son, the Ute Robert Stephenson, received from Mr. Dixon 
his first instruction in taking levels and surveys, and in setting 
out railway works. Mr. Dixon was George Stephenson's resi- 
dent engineer ou the Canterbury and Whitstable Railway, ou 
which was constructed the first railway tunnel. He was resident 
engineer at the Manchester end of the Liverpool and Manchester 
Railway; and i-emained for some years after its completion in 
charge of the maintenance of the way and works, and of the loco- 
motives, a post of great responsibility, there being at that timo 
1K> experience to guide engineers as to the relative durability of 
the ditferent working parts of locomotive engines, or of the bent 
modes of repair. A fter cxjustructing the Birmingham and Derby, 
the Chester and Birkenhead, and the Carlisle and Whitehaven 
railways, he returned to Dailiugton in 184% where he remained 
till his death* Mr, Dixon might perhaps have attained higher 
eminence, and have been more known to the public generally, 
had ha been a man of of more ambition; but his retiring nature 
led him at all times to shun publicity. 

jl/ai« Stetemson, — Alan, eldest son of the late Robert Stevenson, 
civil engineer, and dusigaer of tlie Bell Rock Lighthoube, 
was born at Edinburgh in 1607. He was educated at the 
High School and University, where he greaUy distinguished 
hijuself, and took the then somewhat unusual degree of Master , 
of Arts, and obtained under Leslie the Fellowes Prixe for excel-d 
lency as an ad%'anc©d student of Natural Philosophy. He after^i 
wards studied in England, aud received the degree of Bachelor 
of Laws from the Univeraity of Glu^gow. 
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Tlia owD winh was to stncly for tlie Church, but he ^ve it up 
for his father's ])rofes8ioD, in which he soon made himself a 
name. Ttiough obliged by illness to retire from work when in 
the fulness of his years and powers, the services he performed as 
Eu;^inper to the Commissioners of Northern Lighthouses were 
such as to entitle him to lasting remembrance in the annals of 
our highest scientific achievements — in a department at once so 
perilous, difficult in its nature, and so inestimable in its results. 
During his connection with the board, he introduced many 
improvements in the <lioptric system of illuminati(»n, and erected 
numerous lighthouses on the coasts, including his maeterpiece, 
the renowned Skerry voiv, which breasts the mighty Jetch of the 
Atlantic, which, whether we regard the beauty of its ilesign, its 
magnitude, the perfection of the work, or the dilliculiies of its 
beginning, may siifely be said to be unsurpassed by any similar 
structure in the world. 

There is little doubt that the mental tension caused by the 
responsibilities and ditliculties of this work, acting upon his 
sensitive, chivalrous, and unsparing nature, was the n)ain c:uise of 
the sudden shattering uf his nervous system, which in Ib^rl mnde 
it necessary for him to withdraw absolutely from his profession 
and the world. His dece«ise took place at his hous»o at Porto- 
bell>, on the 23rd December hvsl, in his lifty-niiith year. Desides 
his purely professional excellences, Mr. Stovenson had genuine 
literary genius — not receptive merely, but in the true sense 
originjd. Mr. Stevenson was a Fell«)W of the Itoyal Society of 
Edinburgh, a Moml)€r of the Institute of Civil Engineers ; and 
had medals presented to him by the Emperor of ICussia and the 
Kings (if Prussia and Holland, in acknowledgment of his great 
merits in lighthouse engineering. His most imporUmt work 
was the "Account of the Skerry vore Lighthouse, with Notes on 
the Illumination of Lighthouses'' (4to. A. and C. Black, I84S.) 
lie was also author of a bit^graphicfd sketch of the late Kobert 
Stevenson (Blackwtmd, \bfaV)\ "History, Construction, and 
Jllnniination of Lighthouses" (Weal e, London, 18o0). Ho was 
a Contributor to the " Encyloptudia Britaiinica" and the " Edin- 
burgh Philoso]>hical J(»nrnal." He wns the eK'er brctlitr of the 
well-known David and Thomas Stevenson. 



Deiumitions of Edifices %n Paris. — The conehisi(»n of tlie works 
of the new church of St. Augustin, in the IJoulevanl ^Malesherbes, 
affords a good opportunity of estimating the l;irge amount of 
Work cnviied in Paris for artirits and ail-workmen hy the autho- 
rities. In tlie lirst place, tl;e three principal doors of the 
chnrrh, \vhi»r]i have recently been hung in their places, are 
executed in copper by the galvamvplastic ]»rocess, al'ter the 
designs of ^L Haltard, the architect of the church. The n|>})er 
part of the central door is occupied by figures of the cardinal 
virtneH — Justice, Fortitude, Prudence, and Tem|)erance, model- 
led by M. Mathurin Moreau ; the corresponding portions of 
tlic two smaller doors are decomted with sm-dl figures of angels 
bearing the signs of the Passion, by the same sculptor. The 
lower portions of the dooi-s are ornamented with foliage, inter- 
miugle<l with shells, rushes, vine leaves, and ears of corn — 
emblems of Kaptism and communion. Embedded in the stone- 
work over these doors are three medallions of the theological 
virtues, Faith, Hope, and C'harity, enamelled on lava, by M. 
Paul Baize. Between the arciies i>f the porch are prominent 
brackets, on which are jdaced the apocalyptic symbols of the 
Evangelists — the Eagle of Saint John, the Angel of Saint 
Matthew, the Lion of Saint Mark, and the Bull of Saint Luke; 
tlieso tigures are sculptured in stone by M. Jacquemart. U\ 
niches above, decoi-ated, and divitled by small columns, are 
large statues, in stone, of the Prophets Moses and Elias, by 
M. Chevalier; Jeremiah, by M. Chambard ; Isaiah, by M. 
Farochon ; Daniel by M. Chardigny ; and Ezekiel by M. 
Gru}ere. The princip«il decoration of the fa^aiie consists of a 
frieze, representing Christ and the Twelve Apostles, by M. 
Joulfroy. Two small lateral friezes contain lljures of the 
Fathers nnd Saints — S;iint Leon le Grand, by M. Farochon ; 
Saint Augustin, between Saint Monica and Saint Ambrose, a 
bas-relief, by M. Btiunassieux ; and Saint Gi-egory, by M. Cham- 
bard. In niches, on each side of the great frieze, are large 
figures of Saint Augustin and Saint Thomas Aquinas, by M. 
Cavalier. On each side of the great rose win<low over the 
])orlieo are figures of nngels, beneath ])alni branches, liearing 
the t;il)les of the Old and New TcKtament, the work of M. 
I^pcrc. On the pampet, over the pilasters, on the side walls 



of the portico, are groups of children and various religious 
emblems, by M. Cordier and M. Carrier Belleuae. On the 
summit of the pediment is a cross, supporte<l by two angels, 
bearing the cup and crown of thorns, by M. Schroder. 1 hese 
exterior decorations alone amount to forty-five figures, sculp- 
tured in stone, and three paintings, besides the metal doors; 
there are, moreover, several minor decorative works, sucli as 
bronze candelabra at the entrance, and ornamental water-spouta 
The interior will be ilecorated in keeping with the exterior, but 
the former is not in the »ime state of advancement as the 
latter, and is expected to occupy the whole year. — Two fine 
statues in marble, one of Mdlle. Mars, by M. Jules Thomas, 
and the other of Mdlle. Kachel, by M. Duret, have just been 
placed upon socles on each side of the vestibule which leads 
to the noble staircase lately constructed in the Tiieatre Fran^ais. 
The foyer or saloon of the same theatre is richly decorated with 
a bas-relief and stiitues, and it is connected with a gallery iu 
which are busts of a large number of the most celebrated dra- 
matic authors and actors. The decorations of the former are 
new ; the gallery has been in existence for a long period, but its 
contents are being constantly augmented. 

Introduction of Gas into Indio. — The introduction of gas into 
the territories of the Nizam is an event of no ordinary kind. In 
a state where the telegraph wires are regarded with the gravest 
distrust, and where the pros|)ect of a railway engineer's apf>ear- 
ance is discussed on deep politic;d and religious ground, one ndght 
well have su]>pused that the preparation of so mysterious an 
agent as ^as, almost at the very g;ites of Hyderabad, would have 
excited the liveliest apprehensions within. However this may 
be, one house in Chudclerghaut is now brilliantly illuminateil 
with gas; and the experiment, tried at the risk and ex|)euse of 
one individual, has ]>roved so successful, as to induce the hope 
that in a short time oil and candles will be entirely sufierseded in 
the ])rincipal houses of Chodderghaut. The gas, which is pre- 
pared either from common oil or from sceils containing a fair 
per-centage of oily matter (esjjeciall}' the csistor-oil .seed, of which 
one r>ound yields over ten cubic feet of gas), appeal's free from 
any noxious properties, and furnishes a })ure and brilliant light, 
at a very trifling expense. Though, as is usual in such ciises, 
private enterprise has taken the start of ytublic action, it is to 
i)e hoped that the machinery brought out fmni England by Mr. 
Marrett (the civil engineer in the Nizam's service) may not be 
confined entirely to private purposes. — Times of India. 

Ejcaiuitions at Rome. — At Home, the Via Appia has been 
anew exciivated at a s|)ot known by the name of Santa Maria 
Nui»va, at the expense of Count Tyszkiewicz; the ivsearchea have 
led to the discovery of a draped sUitue of considerable merit. In 
laying kire a tomb, remaikable for its ))eculiar interior disposal, 
the explorers fouml a mosiiic pavement representing a rather 
uncommon subject, viz., a skeleton reposing on a couch, with the 
inscription in Greek lettera which Socrates had observed on the 
Temple of Apollo, nt Delphi, "Know thyself." Near the spot 
were also found colossal fragments of architectural ornaments, 
supposed to have formed |)art of a splendid tomb of the Antouine 
peri<»d. On the 22nd ult. the Eoman Pontitical Academy of 
Arclueology met, under the presidency of Professor SalvaU^re 
Betti. Commander Visconti, perpetual secretary, furnished 
details of the excavations now carried on at the PalaUue, at the 
expense of the Pope and Commander ConstantinV Bahlini, 
minister of commerce and public works. Already s/lloous of 
con8ideral)le dimensions have l>een brought to light, Adorned 
with paintings, stucco-work, and marble. He also descrihld tbo 
investigations now continuing in the neighbourhood of ^stia. 
The Bev. Felice Protils, rector of the Pontifical Seminar;. And 
secretary of the Commission of Sacred Archoeology, also ga\© hu 
interesting jiccouut of the excavations which have taken \\\i\J^ iu 
the C;itiicoiubs of liome, from November 1860, to May isfio. 

JRailwnp Carriages. — It appeai-s that new carriages hav'ibeen 
built in Mil.in to run upon the long line of railway from Snsa to 
Brindisi, which is to convey the Indian mails and travellers from 
England. Some of these airriages are adapted for faiiiilies or 
parties of friends. They are i*ather longer than the usipal car- 
riages, and divided into three compartments, communic: Lting by 
sliding doors. There is the ante-room for servants, tlu sitting- 
room with four convenient sofas, upon each of which on i person 
am sleep, a bed-room with a be<i for two persons, vashing 
ap}mrntus, &c., while in the daytime the travellers can |walk up 
and down through the three compaitments. 
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THE tATE Ma DAYID ELDER, ENGmEEB * 

By James K Napikr. 

historj of 80 remarkfible a man us David Elder most be 
iitpresting la matiy oo account of hia counectuin with works 
which hai^dmnde GlAagowaod the Clyde notable, and ^ven to his 
employer a fame which ts known over the engineering world. A 
respect for his memory, and the great benefits received from hia 
ndvioe nnd experience, induced the author, in the absence of 
tho»e older and more able for the duty, to make the attempt. 
Tl^e author is indebted to an old friend of Mr. Elder's family 
for an account of his early life, of which he has availed himself. 

David Elder was born at Little Seggie, near Kinross, in 
Jaonary* ITtSS. His father was an Anti- Burgher elder, and in 
^niJM?qaenoe of the religious strife in the district, he was deprived 
of such education as the pariah school of Orwell then afforded, a 
loss he ever after regretted. 

About the age of 15 he was put to leam his father^s business, 
that of a country wright, and at this period the repairs of Craigie 
MilJ, at which he was occasionally employed, affoixled him an 
early opptntunity of studying mill work. The intermittent noise 
of this mill, which had wooden cogs and rungs, and a^< bar for 
the axle of the trnndle^ attracted his attention, and taught him 
his fiist les.»ions in wheel work and gt?Aring, which he afterwards 
practised so successfully. It appears that as his studies were not 
in aooordance with bis father's wishes, he resorted to Little Seggie 
Gleu to study Simsou'a Euclid, and a work on algebra translated 
from the French — which he had travelled 18 miles to get posses- 
sion of; and when his senior:^ would be devoutly employed at a 
fcent-p reaching, David Elder would be found studying hydraulics 
Itefore some old water-wheel in the neighbourhood, or the archi- 
tecture of some old castle. 

On one of these occasions he found out a simpl© approximate 
rule for estimating the weight of water in pipes, A tin can of 
his tnother^tf, which happened to be three inches diameter and 
ftjur inches deep,he found held, as he snid, just a pound of water; 
luid as the square of the diameter multiplied by the length was 
equal to no, so David Elder settled that a pipe a yard long held 
as many pounds of water as there wore inches in the square of its 
diameter. It was sufRciently accurate for the most of hts require- 
ments, and very easily rememberetl, and he constantly used it 

la I SOI he went to Ed in burgh, 'and was employed at Charlotte- 
•qoare buildings, and borrowed such books aa he cmdd get to 
itady, from a bookstall in the Luckenbooths in the High-street, 
lor a penny a night. 

While repairing a mill about this period, at some very inaccesai- 
piart of which he had been working for two or three days and 
Is consecatively, in a dirty hole partly filled with wa^er, and 
Will therefore very tired, he was so disgusted, when giving the 
Usl turn, as it were, to one of the nuts, to find that the thread of 
the screw had stripped, and rendered all his labours naeless, that 
be vowed if ever he had a chance he would make bolts and nuts 
whose thi^eads would never atrip. 

Iq 1814 we find him married, and employed by Messrs. J. 
Clark and Co>, of Paisley, and afterwards superintending the 
building of their factory at Mile-cod, Glasgow. He was after* 
vardjt employed by Mr. James Dunlop, in the erection of Broom- 
ir^rd Mill One of the walls of this building having got bent, he 
contrived a large truss of timber all the length of the building, 
' ' ^ on one of the floors, and, by means of bolta passing through 
Crrtme and walls, attempted, by screwing up the nuts, to 
[hten the building. He succeeded merely in compressing 
njber This lesson he never forgot. 

Aboat the yerir 1820 he appears to have made a business con- 
nection which was unsatisfactory to himself, and in 1821 he became 
mftoagar of Mr. Hubert Napier's engineering works, then at 
CmuUchie. 

A circumBtance which induced bis employer to commence and 
poeeoute tht* manufacture? of marine engines, and which need not 
li^re ^'^ ih^^nunrteti. ;:ave Mr. Elder an opportunity of putting in 
pniL ui those iniprovemeuts in machinery the want of 

whiL ^ , *jviuusly caused himself so much discomfort, and of 

origiuaiing many others. 

About the year 1822, his employer had contracted for bis first 
nuurme engine far a steamer called tlie Leven, to ply between 
QUigow and Dumbarton. The few tools at Mr. Eldet^s disposal 
M this period may surprise many* A few 10 inch to 14 inch 

* Send ftC tlie IniUiatloii of Bngloettn in Souitud. 




turning lathes, with wooden sheers and small narrow pulleys 
and belts constantly slipping, a rude horizontal boring mill, and 
a smaller vertical boring miLchine, constituted the greater part 
of the stock. With these he succeeded in making a piece of 
work to which be often afterwards referred with pride. Many 
of the improvements of the marine engine were first introduced 
by him in this one. He faithfully fulfilled his vow about the 
nuts which had so anno3^ed him at an earlier period, by making 
them Ik times the diameter of the bolt, — a practice which, 
however unnecessary such dimensions may be considered to be 
now, with all the advantages which the accurately cut screws 
Mr. Whitworth'a lathes have since produced, was then a genuine 
improvement. In the Leven's engine also he first introduced his 
improvements in the air-pump, condenser, and slide valve, which 
shall be presently noticed. His first difficulty, however, was 
with the workmen, the old millwrights of the penwl, whose 
idea of good accurate workmanship was so very different fmm his 
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owu, ilmt he pr* ftnt-il always to work with good cartwrights or 
houae-jtiinerM, and selected the most intelligent of these to super* 
intfod the different departments, and for any important tool, 
believing that they would carry their ideas of close-fitting joints 
of wooden structures along with them, when they would be 
called upon to construct iron ones. In this belief he was not 
disappointed, and in order to assist in working it out he con- 
trived many tools which would execute the work better, and 
make him independent of the services of those who rebelled 
against his system, and would have compelled him to adopt 
theirs. One of these tools is the parent of all the paring 
machines. It was for many years the only tool of the kind in 
the country, and performed work with an expedition and accu- 
racy which no hands could execute, and which, at the date of its 
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oonstruotion (1833) did the work of those f*gnl hands, as they 
called themselves, who liad then ojmbineil Ut dtop the works by 
their Union. They called it the ** devil.** It wni the greatest 
"nob** ever entered the establishmeut, and was de8igne<i 
principally for finishing the straps of the oonnecting rods and 
side rods; but, like every tool which has ever been constructed, 
it g<it other work to execute, and was therefore seldom idle, and 
Jed to works being undertaken which wem formerly unthoughl 
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ol^ on acooant of the dtfBcalty nnd expeDse ntteoding their 
execution. He afterwards designed £b much larger tool on the 
same principle. 

A simple addition to an ordinary tumiog-lathe secnred the 
greatest strength with the smallest quantity of material in hia 
fide-rods, crosaheada, kc, 

Tiie liak of his ponchiDg machine, or piercing engine, may be 
iiiHtitnced as one among many of his improvements in tools. In 
this the loss by friction is reduced to a minimum when the pres- 
flure is greatest 



eenCre waji prepared, and thoroughly driven home by the force of 
large rams soapended from the ceiling of the fittiog-shop, it waf 
immovably fixed. This tool for boring conical holes he used on 
many occasions afterwards. The main centre itaelf, notwith- 
standing this care in its fitting, was prevented from turning in 
the tube by three keys driven in above it, and none below, as some 
were wont to do, thei^eby taking all the streas doe to the weight 
of the levei-s, &c. &c,, off the keys. 

The first double engine he designed was for the Eclipae, a 
vessel which sailed between Glasgow and Belfast. At the start- 
ing of this vessel, in July 1826, he was nearly killed The hot 
well was open above, as was then usual, the one engine had 
formed the vacuum, and the other bad got hot, sending the hot 
water and steam through the hot well into the engine-room, and 
severely scalding Mr. Elder, who was the last to get out of it. 
This accident led him to raise and close the top of the hot well, 
and lead a waste pipe to the outside of the 8hip> as is now 
universally done. 

He ecouomised to the utmost the power required to work tbe 
long D valve which he commonly used, and greatly reduced the 
cost of keeping it in efficient order by a skilful disposition of the 
packing. He lengthened the valve upwards and downwards 
beyond the face, so as to get the packing immediately opposite the 
port, thereby reducing the pressure both upon the valve face and 
packing. Some of the old arrangements of packing are to be 
seen in the enginesof Boulton and Watt, and others, inTredgoid'a 
work on the Steam Engine, as well as the old arrangement of 
air-pumps, which Mr. Elder made efliclent by the simple expe 



His knowledge of the forces which acted on the different parts 
of a machine, appeared as a sort of instinct, and for which he 
provided in the most scientific manner. He prevented the 
possibility of any work being performed by the joints of the 
frames, and so economised the available power of tlie engine, by 
having every joint metal to metal, and as much bearing surface 
and as closely fitted as it was in the power of the men and tools 
at the time to execute; and in the bolts and nuts which fastened 
these frames, each and all of them were so turned and fitted by 
draw-tiling, and the seats for the bolt heads and nuts made so fair, 
that every thing was bearing iron to iron. The neglect of this 
sound mechanical principle in some of the works of competing 
engineers, led to their rapid deterioration. The peifection of 
motlern tools has made these shaky works much less frequent 
than formerly. 

The trouble which the loss of vacuum in the condenser often 
gave to other engineers, from leakage round the main centre, he 
avoided entirely, by the simple expedient of casting a tube through 
the condenser, into which the main centre was driven; and also 
by the greater rigidity he gave to the main centre by not reduc- 
ing it in the middle of its length, as others had done. In order 
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that this main centre should be thoroughly fixed and rigid under 
the greatest strain that could possibly cume upon it, he inventud 
a tool for bc/ring the tube. This tool was self-acting in iu feeding 
motion, and boiled itself a conical bole, bo that when the maiu 



dient of lowering the working barrel of the pump to withio m 
short diaUnoe of the bottom ot the well. However self-evident 
such an arrangement may appear now, or when pointed out» a 
different practice was followed in the marine eng^net of the 
period pix*cediDg the commencement of Mr. Elder^s careen^ 

Hie early practio© of what modern engineers call cosbiouiug 
the steam, by the cover which he invariably put on the eduction 
aide of the valve, so that the steam left in the ends of the 
cylinder, in the ports, and passages would, at the end of the 
stroke, be up to ttie pressure of the boiler at the beginning of 
the next sti-oke, showed that he was as well acquainted with the 
pmcticiil advantages of a system which he had reasoned in hia 
own Way to be true, as Dr. Eankine, our worthy Professor of 
Engineering, is, with his theoretical deductions on the aame anb- 
ject He was, at the same time, quite alive to the effect this 
cover on tlie vulve would have on the steam escaping from the 
cylinder to the condenser, and to the necessity of having Uiyer 
ports to let the steam out of the cylinder than to let it in, owing 
to the reduced prt?saure after it had done its work. When otheT% 
therefore, were working with small ports, Mr. Elder bad ^in«l 
a decided advantage in the gi-eater power and efficiency which hia 
arrangement produced. The author believes he was the first to 
apply expansion valvea to steamers, in the engince of th« 
Berenice, built for the Honourable the East India CampMiyi , 
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drawings of which will he foand in Tredgold. A comparison 
of the jierformanoea of this vessel with a sister ship, built in 
Lotnlon, showed very favouniblj for the ecouomy and efficieocy 
&( the Clyde nhip. 

Ao Accident to one of the Dundee and London stejimers, the 

Perth, about the year 1832, when off the north of England, on 

her voyage to Ijondon, ariRing as he imagined from water getting 

into tlje cylinder frora the condenser, catined him to make an 

^ iiteratioD in the position of tlie snifter valve, which made it 
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nearly im possible for such an accident ever to happen again 
from the same cause. Although these snifter valves hnd been 
originally placed on the condmsers of land engines by Boulton 
and Watt, in their marine engines, they were attached to the 
well of the air pump. He believed that the snifter valve had 
not shut after the engine was blown through at starting, that 
the air which entered through it prevented the foot valve fnjm 
opening. The condenser would then be filling with water, till 
it got above the lower etlge of the lower port of the cylinder, 
into which it would enter, and then the whole power of the 
engine would spend itself in breaking itn weakeist parts. When 
these valves are placed in direct connection with the condenser, 
I any leakago of air through them increiises the pressure In the 
P^condenser. reduces the aupply of water, and ahows^itself on the 
vacua m gange and speed of the engine. 

From his own early experiments and later experience of wooden 
•Iruetnredi be took care, in giving the builders of the wooden 
shipd the plaAS and directions for the framing and fastening of 
the engine Keebon a, paddle beams, and all that affected the rigid 
fastenings of his engines to the ships, that these parts should 
be thoroughly well secured; and was wont to boast regarding 
the Atlantic steamer, British Queen, that whatever else of the 
Vttsel wuold break up, if she happened to get wrecked, this 
IMkft of his, connected with the engine, would stick together; 
jks it certainly did, to the great disgust of those who afterwards 
|>urcha^d the vessel on the Continent, to break her np. It 
oertaiaJy cannot be said that such caution was unnecesaary 
either for the safety of the ship or machinery. Competing 
TesseU on the Atlantic line had their engine frames broken, 
irobably from the weakness and twisting of the vessel; and 
,c fate of the President will, by those who saw her deformed 
ate, and the means taken to hide it before her departure oa 
er lajjt voyage, be ascribed to a want of that anxious caution 
mod forethought on the part of her constructors which was so 
tbaroughly engrained in Mr. Elder's character. For similar 
reasons, he continued the sole plate under the cylinder, and 
was the tirst (in the authoi^a belief) to do so. 

The fitting of the malleable iron columns to the sole plate and 
entablature of H.M.S. Thnnderboltf may be instanced aa an 
example of his care and caution. One of his maxims was to 
make the machinery depend on itself for its rigidityi and not at 
all upon the vessel. His cast iron Gothic frames, so well known 
for th^ir elegance and simplicity, could be well secured to the 
Bole plates, and to each other, by ianges and bolts of any dimen- 
sions; and the two engines also could be similarly secured to 
€ach other, so that, let the ship roll, and pitch, and perhaps 
t ' ^he might, the engine was not to twist; it was to be 
I the* least degree possible by the probable twisting of 
t I In order to secnre as far as possible the same ad- 

for the malleable iron frames of the Thunderbolt aa 
-^t iron, he constructed a large template frame, having 
for the eight columns carefully bored in it. When this 
urorts the two engines in the fitting-shop, the boring- 
bar !, and conical holes bored through all the extent 
of t? i;^' for the lower bearing of the columns. The 



hearings in the ent&blatnre were bored from the eanie temnlflte. 
The columns were turned at top and bottom, to fit these holes 
throughout, and draw-file.! afterwards, so that there could be no 
posaibility of motion. The entablature dropped easily over the 
heads of the columns, and by the depth of the siHjket^ below, and 
of the entablature above, the frame was rigid, almost without 
cross-bracing. 

About the year 1S40, onr Government was induce to contract 
with Mr, l^>bert Napier for the machinery of two of their war 
vessels — the Vesuvius and Sti-ombolL In March 1843, the 
House of Commons ordered a return of the cost of repairs, 
&c., of a number of steamers, including these. Irom this 
return, which was printed in June 1843, the author then ar- 
ranged the data as in the following table, and ma<{e the 
deductions there noted, aa it shows more clearly anj forcibly 
than anything that can be said on the eobject, that the care 
Mr. Elder bestowed on all his works was in the highest degree 
economical to the country, and ought to have made his €rop>loyer 
the chief of Government contractors, and put the Clyde above 
all competitors. It is here reproduced. It shows, moreover, 
as applied to mechanics that which many have to learn in regard 
to other matters;, that the best is the cheapest 



Days nnder repair ... 
Days in oommisBbn 

/>ayt Ml 1000 wndcr 
repair 

Cost of repairs £ 

Cost of engine ,.,...£ 

Expe7i4e ofrepairifor 
every jeiO,000 oj 
prime coti £ 

C<jst of rspain ,,..,£ 
Time of oommiuion 

Expeme of repmr^i 
per da^ during 
commiuioH „, 



B«aw»d. 



10i>97 



1173 



15/8} 



O 



164 853 

911! 1095 



14373: 



Qin 



17IH 



UOIJ 



162 
639 



109U 



mui 



18/51 



7/6 



\MJ. 



92 

4m 



19531 



10/8i 



KAiii«r. 



88 

Hi 



13«80 



0/10 



51 
942 
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Note. — ^The chief engineers and captidns of the Vesuvius and 
Stromboli can testify that ofcithnr of ihem veseeb were ever laid up 
for a single day for repairs f>f machinery. The repairs of tbo V^uvinit 
were for repairing carpenter work, diimaged at Aero during a storm i 
and the StromboliX timo for eniargirig and making new ooal-bonkeni. 

Mr. Elder's ideas of an economk^J marine boiler are embo<lied 
in those floe-boilers of the British and North American Mail 
Company^s steamers, the Cunard line, ajs it is commonly called. 
High and roomy furnaces, so that the gases may be as thoroughly 
mixed, and their combustion as perlWt as the dimensions of the 
boiler would admit of, before getting cooled against the roof of 
the furnace, and thereby rendered inoombnstible, with water 
Bpaces so hirge and accessible that every part can be repaired iu 
the vessel. 

When Mr. Bobcrt Napier extended his business so as to 
embrace iron ahipbiiUdiiig, Mr. Elder, believing that it was im- 
possible to make sound work with the ordinary process of 
rivetting long hot bolts, had the keel platea of the Vanguard, 
the first iron steamer launched from the new shipbuilding 
establishment, bored, instead of being punched, and the rivets 
made of soft charcoal iron, turned, carefully lit ted to their holes, 
and ri vetted cold. Tbia was in the year 1842, Those who know 
bow important sound workmanship is in those parts of the vessel 
which are so long inacoessible, and often so heavily stressed. «?4L^' 
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appreciate Mr, Elder> foresight and ijaoUon — a caution which 
the ioexperit^ijced youth who shortly after took charge of the 
ahiptmiliiiDg had much Deed to learo, 

Mr. Elder'd ideas of the position of roof-lights for shedn or 
work8l»op«, ahowld be pmctisetl more often than they are. These 
lights are often placed nejtt the ridpe, the one light showing 



the exercise of bellows-blowing was to have no part in the in^ 
tended pleasure^ he made the water from the hilU perform that 
duty in its psissage through an engine. This engine has been 
described in VoL VII of the Transactions of tlie Inatitation of 
Engineers in Scotland. 

Mr. Elder thought for himself; he did not do as other people 
did (and as some are told to do, by those whose only excuee for 
preventing the free action of that faculty with which the Creator 
has endowed us, muat be their own ignorance), if he coald do & 
better thing, or even something as good, of his own. 

The author feels that, in the foregoing remarks, he has very 
imperfectly illustrated Mr- Elder*8 work. He has said little 
about that great enterprise which first succeeded in establishing 
a steam ferry on the Atlantic OcefOJ itself, which astonished the 
world for its regularity, due to the sagaefty of the late Sir Samuel 
Cunard, the spirited conduct of a few (ilnsgow merchants, and 
Mr. Robert Napier. The machinery of lhe»4e vessels^ that whick 
produced the regularity aud gave that feelin^^^f confidence which 
was so marked a feature in its success, di^ltt^d little from the 
other works previously executed by Mr. Elder, except in the 
greater care he t)e8towed in simplifying and making as accesaible 
as possihle every thing in the least degree likely t*> go wrong or 
to require attention, cither at aea or in a foreign port. 
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through the others nnd little light upon the floor or the work on 
it. When the light is lower down the roof, near the furrow, the 
whole is better lighted. 

His love of music, and early acquaintance with a celebrated 
organ -builder, led him to construct nn organ for his own use. 
He atterwards erected one for his employer at Shandon, and as 



Mr. Elder's connection with Mr. Robert Naprer was a ha|:)j>; 
one for himself, and a fortunate one for Mr. Napier and 
family^ When, some year« ago, he ceaseti to be aeCively employtd 
by Uie new firm of II. N;ipier and Sons, it was a very great grief 
to himself, and an irrepurnble loss to the author. He died on 
the 7th Feb., 18G6, in the d2od year of his age. 
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My object in brin^'ng Dr. Edmunds" system of ventilation 
under the notice of this society ia, first, because I have experi- 
enced its utility in preserving life and promoting health on boai-d 
the ships of her Majesty's Emigration Comraiaaiouers; and, 
secondly, because I believe, with very little alUjration, the 
ajjparatus cs^u be adapted to ventilating the crowdeii dwellings 
of the poor, the ill- vent Hated rooms inhabited by wh«»m do not 
tnaterinlly dtfier from the confined space allotted to emigrants 
on board sfup8 during their transit across the pathless deep. 
With respect to the necessity existing for a better system of veo- 
iilatton on boanl ships than any hitherto devised, we have only 
to^ refer to the frightful mortrtlity in crowded passenger ahipe, 
Arising from typhus, choleni, and dysentery. In the ships of her 
Majesty's Commissioners, in whose service I hold the office of 
Biiperintendeut, the average mortality during the most unfavour- 
able seasons never exceeded two per cent. 

Last year the system of Fen Illation I am abont bringing under 
your notice wjis introduced into the service. Some of the ships 
have accomplished the passage without the loss of a life, many of 
them being alt^igetber free from fever, dysentery, or diarrhoea, 
the urincipal sources of mortality at sea. Another satisfactory 
result is the reduction of infantile mortality. 

In some Australian passenger ships I could mention, one-third 
of the children under five years have died. In the ComraissionerB* 
•hips fitted with Br. Edmunds* apparatus, worke<l by a steam 
jet, the results have been truly gratifying, jiome of the vessels — 
ihe Qeneral Can 16 eld, for instance — not losing any children. 
The system has been introduced into the Royal Navy; and while 
the mortality in the mercantile marine is thre^ times greater 
than in the Navy, the mortality in her Majesty's ships fitted 
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EDMONDS' SYSTEM OF VENTILATION* 

By Dr. J, M. Barry. 

with Dr* Edmunds* system is much less, while the dimlnishfcl^ 
sick list amply testifies tu the better sanitary conditiou of 
Siiiloptf dwellitjg. 

To illustrate the necessity that exists for improving TeiitilAt]o& 
in shi|js, and to pieserve them fi*om prentature decay, I may" 
refer to the observa lions of emiuput w liters on ship-building 
Murray remarks that the means ut our command for the purpose 
of prest^rving limber from premature decay may be summed up 
in two words — seasoning and ventilation — -thorough drying of 
the timber on shore, when pnvctieabte; hut by all meaus good 
ventilation on board. If these well-known and universally 
approved principles were properly carried out, we should hear 
but little of rotteu gunboats, or hasty repairs to frigates after a 
first commission. What is must nrgently required is, that there 
shall be as little Btaguation of air as possible. However 
seasoned and dry the timber may be when a vessel is lauo 
it will rapidly absorb moisture from the damp atmosphere < 
hold, unless evaporation from its surface be kept up by a for 
circulation of air. The beneficial etfects ot Dr. Haies* system 
ventilation were evidenced by the fact, that from 1753, when i% 
was first employed in the old Prince, to 1798, when the use of i| 
was discontinued, the durableness of ships was materiallj*3 
improved, as well as the health of the crews of those ships t^^ 
which it was applied, especially transports. 

The Earl of Halifax, in a letter to Dr. Halee, stated that the 
mortality of the ships on the coast of Nova Scotia which were 
not ventilated was, in comparison with those which were, ag 
twelve to one. Dr. Hales proposed to keep up a circulation of 
air with windmills and air pumps* Mr. Parkins followed his 
system, substituting fans. ^m 

But what is must urgently required hna not vet been praotl^|| 




cally realised — the producing a constant disturbing force oa ihi 
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tuver pnrt of the bold, wlacb sbouKI ^ive motion to the foul air 
Umt brts a natumt tendency to loilge ihere, wliile sui fable lueaua 
lire, at I he wime time, tii tijjemtiou lor carry lug it off, and »upply- 
tiig lU [*ljM*e Ity lUe iuimductioQ cif pure iiir. The cotiisbiiit 
m>»tiTiU»»u of srtme means to produce thin effect i a ueceeaary for 
iW prcdcrvalioii of ships, the heaUh of tlie crew, mul the ahip'a 

Tlie iiitn>duction nf pure and dry air into the hold i9 requisite 
Ih cm-y «ttf the hurai i ptrUcle;* which adhere Ut the iuteriuf of a 
diip, Hal excite the hitent oiemeulii of decay which, uoder cir- 
CTimtiUiic** favourfible to their dev^elopineor., are soon apparent, 

Fnichaui, io hi» *'Oiitliuea of Ship- Bui Id ins^/' remarks tliat it 
ii la the liold of a ship, m^re than in any other part, that the 
df^ifni: ive ag*Ji»ta ft<?cuimihile— .noistiire aod inipnre aii'i arisitiEj 
frv»ui ihe dc»^>ni position of animrd and vegetable aubatiaces wiiich 
fdl iiil« the hithl, «>r accumtdnte from the defective itmiiuer ot 
r :- Mp*, The want ijf proper vetjtiUliou will produce the 

II.S reaults to the beatlh of the crew aiid the Ci/uditiuu 

To accomplish what is desired, a flvslem of ventihxtinri i^ 

lutedai] which will ensure a pnre atmndphere in every part of the 

Iu*td, and betwi?eu the decks. In order to prevent the destructive 

ffffta** of air-beat and moiatnre, and to pnjtiuce thoriiugh veiiti- 

Utioii, jwme disturbing force tibtmld be employed. It being thua 

evident that i>er40Da best qnaiirted to form ati opiaion cm the 

Subject, o>nceive that an anffiuient system of ship ventdatiou is 

Piltfcer*«ary fur the preservation of ships from decay by dry rot, 

na 1 as a ttieans for premier viug the health and promoting the 

comfort of priaaen^ers antl crews; for aa d:tmp and in&nfficienfe 

vf*ntilition ctuae the destr»ictinn of the ship^ so they prove 

rqti.dly injurioiid to tlje health of ber occupants; and if an 

' tte ttinl remedy can l>e found fur dry r«>t by removing iUcansea, 

1 ■* the s-noe means will the ship also he rendered liealtby. The 

iuvtut'T of the Mystem of V( niilation which I now sobmit for 

V^ur c.i..s«ideintion has, I think, accomplished what has been so 

lOiig rerpiiiril. 

Ui'. Ivlmin-d«, Staff Surgeon in the Royal Navy, has had his 

Hitention »lio*gly directed toward:* the suljcct of ventilation 

l»y painful e.\iK*Hence of disease and discondort arising from ibe 

iti«tl1ci»'nt and unc^'ruin measures usually adopted to lessen the 

RtJij^natiuu of air in tlie close aud confined decks of vessels of 

"Wnf, Tlie coiHti uctiou (if a ship, which is often considered to 

<»pjy>i»e so m iny obstacles to free ventiialion, in Dr. Edinundt** 

Opiuiun» hi reality otfera fricilitieSj which are now fur ihe first 

tUiiC maile available by his inveotiun. Tho important object is 

minined by means of a novel aj'atem of liir-abafis and channels, 

Ibroii^b nieans of which the perfect ventilation of tlie ship's 

timbers, and of tlie iuliabited decks and cabins, is secured. It 

k« well known that dry rot, or decay, misnamed dry rot, is 

canaed by the dampness of the timber surfaces forming priiici- 

pally the" aides of the openings or timber spaces, which are 

el.»se diauneU leading up from the bilges at the bottom of the 

li^^d I; ibese have a vent in the between-decks, and it is for tlie 

)iur|Hifie of their ventilation, to prevent decjiy or dry rot in the 

iin»lH>i^ llmt they are left open; otherwise, but for so important 

-jeci, soch a source of fo«l smells, malaria, and eonsequeiit 

i4e^ woidil never have been allowed bo long to pollute and 

tfuiH^iU tlm air of a oouSued space in which so many have to 
ive and breathe. 

U would be a [mrallel case if persons on shore inliabitefl a 

c?rowded jifhirtment, into which the foul air from a damp under- 

lid cellar, with drains running through, had vent by numerous 

charajeli; but the pajtsive circulation which takes place is 

icitMil for the purpose intended. The ofieningH i.re usually 

Inoip Btat<»; And uny timber employed in the ship's frame- 

. if not well seasoned, is sure to dec;iy. The premature 

of ibv gnul>oatj% hastily built during the Russinn war, la 

_ . Iniiv? evideuce of this. By Ihe first part of the new system 

tlie o|>«*ratimi of these openings or channels is reversed ; they 

#ir> Converted, froni their present action of folding the air, into 

1 lit efle:tnHl menus for purifying it. This is effected by 

iiji tli*"!n all brunch air-channels of one hirge air shaft on 

ideofthc ship* which being led int<) the fuun.4 in steamers, 

o bolhtw iron masts or lube aud cowl ventilntors in sailing 

. ctMii*( an t npdra ugh t is created through them, up from 

aud ludd, and tlown from the mess deck, to the shaft, 

lU iheir foul contents into the open air, preventing 

I ion fnnu Ihe liilgea and hold by ci'cating a constant 

c^irr^ui KJi air flowing through the timber apac<ra. The timbers 



will be effectually ventilated, and drj rot prevented. Probably, 
even if the ship were built of unseasoned timber, all endemic 
causea of disease existiug is the ship, aud which occasionally 
cause, or at least promote, the mvages of fevera in tropical 
climates, will be removed by this plan, lu most cases of malig^l 
iiant fevei-s occurring on board ships in the Royal Navy, thai 
bilges and timl>er sjmces have been found choked wtih decay J 
ing miitier; antl there can be no doubt that in the raei-cantiie j 
marine aimiJar cauaea prevail, with leakage from cargo super*] 
added. ' 

In the reports of the Social Science Asa )ciatioD, it ia stated 
that, notwiihatanding the great advantages of selection, diet, 
and discipline enjoyed by the royal navy, the rate of mortality ia 
luuch above the civil popuhvtion; whereas, from the healthful 
life led by sailors, being removed to a great extent f^m many 
causes of disease, we might fairly exjject them to enjoy better 
health. To ctmiplete the veniilation of the decks, channels are 
|irovideih These are nothing more than the substitution of a 
airofigly constructed air channel, in place of one or mor^ of the 
planks forming the ceiling on each side *»f the deck to be venti- 
lated. These plunks vary in thickutas from three to five inches 
ju a channel of the same depth, and from eight to twelve inchea 
in width, in (»ro[iortion to the size of the ship, and can be con- 
structed so that the ii-on plate c mipletiug the channel above may 
also act as a stringer pl.tte, gre^^tly increasing the longitudinal 
strength of the ship, It oci^npies no app^ireut space, and ia in the 
best possible positiou for ventihuing the decks, as it acts imme* 
diately upon the air between the beams, where all the fonl^ heated, 
and raritied air collects. The deck channels are ventilated simi- 
larly, with openings into the main shaft. Together they form a 
perfect ay stem of ventilation in slejim ships, as nearly as possible 
self-acting, available wliere ventilation is most needed, aud caua- 
ing no draught, as the action is ditfnsed by commuuicatiog crosa 
channels, twositiesof each being farmed by a portion of the croaa 
beam and the deck, completed by a thin wooden batten perfo- 
rated wiih boles. It will be seeu that this system promotes 
jjfituml veiitihiion, ibruugh aiding the escape of fmil air, and 
providing outlets in the most convenient places fur it. The 
funnel ilnuigbt is moat powerful at all times, but pirticularly 
when fitenm is up. Hollow iron masts, forming three outlets for 
diacharge, are equally effectual in steam or sailing vessels, as they 
have a ciuistant powerful updniught. Tube aua cowl veutilatora 
iu connection with these shafts are available in aailiug ships, witK 
the advanUigea of be ing used either as uptakes, or, wbeu a fresh 
dry wind is blowing, the cowl may be fa(>ad to the wind, when a 
stream of pure air will be forced through the ship. By either 
mode the ileckatmesphere will be rendered pure. But, as a rule, 
ventilation by exhaustion is to be preferred. Pure air will nata- 
r-illy lake the place of the foul, admitted through hatchways, 
port^s and scuttles Other means of ventilation are also avaiK* 
iible in counection with this system of shafts, such as a steam jet, 
f,in,s woi ked by hand, or a fire draught otherwise applied. With 
this plan of ventilation the practice of stuffing the timber spaces 
with tAuA of salt, or other protecting substances against dry rot, 
is totally unnecessary. The existence of foul air in the hold, 
damuiug car;?o, aa well as causing disease and discomfort, is 
impOii^ible. The shafts and ehafiuels are of easy construction, 
aud, otice established, are always available. 

L>i*, Edmunds' system has already been introduced, by order of 
the Jjords Commissioners of the Admiralty, on board Her, 
Mijesty'a ship Royal Soverign, the Zealous tron-caaed frigate, 
Hud the Favourite. Akliough under great disadvantages as 
regards ventilation, iieceaaarily attendant upon their construction, 
and n-.t having side porta or acuttles, still they will be undoubtedly 
tlie best and moat healihfully ventilated ships ever built. With 
TfSjwct to the application of his system of ventilation to endgraut 
ahips, 1 have received from l>r. Edmuuds the following observa- 
li )ns : — " (Jf all classes of ships in which ventilation requires the 
most careful consideration, emigrant vessels occupy the first place. 
In them we have large unuibers of helpless men, women, and 
chihlreu, mostly for the fii^t time in their lives crowded t<»gether 
in the narrow decks of a ship ; unused to the motion of a veasel 
they become physically prostrate, and mentally depressed ; and 
but for the excellent rules of Her Mujesty's Emigration Servce^ 
oirried out nnder the direction of experienced medical officers, 
their condition would aoon liecome most deplonible. But eveu 
nnder present ndvantaf^es it has been found impossible to effecfej 
)ierfect ventiialion of lho8«' ci twdtd decks, Eflluvi.^ from the holdi 
fititl further cont:4mit:a tea the air already vitiated toa great extcnt^*^ 
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particularly in cidmB ftod lo bad weather, whcu it is necessary to 
close tbe hatches more or less. It ia at these times that the foul air 
from the holds and bilges becomes nfost apparent and tujurious, 
ooUecttng chie6y in the highest part of the deck. It ia odIj under 
exceptional circamstances that the carbonic acid evolved by the 
lungs or geoeraied by vegetable decay escapes/' 

Most 0? the endeavours to ventilate ships have been directed to 
supply fresh air chiefly by windfalls, but they are too uncertain ; 
and in calmsi^ when moat needed, are valueless. Those only who 
bave been becalmed in an emigrant ship on the Equator can fully 
comprehend the stsguatvon of air which prevavUi particularly 
during the prevalence of heavy rains, which compel the passengers 
to remain below. The iiitrodnctiuu of air in the ordinary way 
cannot be always accomplished without creating an amount of 
damp and discomfort^ especially to those berthed in the vicinity 
of the windsails } and nothing is more common than to find the 
mouths tied up, passengers preferring the close and vitiated 
atmosphere to a oold damp draught from the windfall. When 
we remember that the apertures in the ship's liuing are at the 
same time discharging the fuul air from the hold, we can uoder- 
ttand the utility of enclosing tho»e openings in the longitudinal 
tube connected with the perpendicular air shaft, which conducts 
the objectionable air into the atmosphere, Aa the heated and 
Titiated air escapes through the cowl-ljended ventilator, cool and 
pare air occupies its place in the hold and between decks, so 
long aa there is any wind* During calms it is necessary to have 
some supplemental means of keeping np a cirouiaiion of air 
throoghoQt the ship; a steam jet here becomes a valuable and 
powerfcd auxiliary, always available when the aerial current 
fails us. 

The steam jet is directed into the shafl, and escapes through 
the cowl ventilator, which when steam is used must be turned 
from the wind ; it aihould be placed near the centre of the ship, 
and for a vessel of 1000 tons ought to be two feet in diameter. 
Through this every upeurrent of one foot per second velocity will 
discharge 10,800 cubic feet per hour of foul air— with a breeze 
blowiug, the velocity will be about ten feet per sectmd ; this is 
amply sufficient to renew thoroughly the vital air in every part 
of the structure, without creating the least perceptible draught. 
During the day the air is drawn equally from the pfissengerdeck, 
hold, and bilges, but at night almost exclusively from the p?is- 
senger deck, the hatches communicating with the hold being then 
closed. The respiration of an individual during one hour is 
estimated at about ten cubic feet, the quantity mentioned as 
carried ofF; and an equal quantity of fresh external air intro- 
duced is at the rate of 400 cubic feet per hour for each of 250 
individuals. The source of the steam jet in vessels propelled by 
sails is the coDiieusor. The difficulty of stowing sufficient water 
in a ship for a long voyage hjis led to the use of distilled water, 
which is found, when properly aerated, to be perfectly sweet and 
wholesome ; therefore a distiiling apparatus is provided in Go- 
vernment etnii^rant ships, from wiiich a supply of steam cau 
always be ohuined, of course diminishing the quantity of con- 
densed water, which a few additiotial hours' distilling will com- 
pessate for, and will, in lieu, create at the time of the greatest 
need a "circulation of air" of vital consequence to the health of 
the emigrants. The action of a jet of steam is well known to 
QtkTry uf> with it a quantity of air in proportion to the pressure 
from which it is liberated : a half-inoh jet at 20 lb. pressure 
escaping at the rate of 2000 feet per second, led up a ventilator of 
two feet diameter, will exhaust the air through it at a velocity 
of twenty feet per second. But, though this is the manner iu 
which it has been hitherto used, one fourth the quantity of 
steam divided into a number of minute jels will create a draught 
of equal strengtli, witli the additional advanUige that the escape 
of steam is almost silent, whereas a large jet creates considera- 
ble noise. It will bo seen that this volocity of 20 feet per second 
circulates upwai-da of 20,000 cubic feet of air per hour, double 
that caused by the unaided action of the wind, and at a time 
when such increased ventilation is so much Q>jeded. In iron 
ships, where timber spaees do not exist, or some vessels of 
war in which they are blocked up, the deck channel becomes 
available as a perfect means of oommuntcation with the mesa 
deck. In steamers, the necessary updraught is created by con- 
necting the shaft with the funnel, up which there is always a 
draught of from four to eight feet per second, and when steam 
/* up from twenty to twenty-Bve. Hollow iron masts, which 
STff uorr coming into verj general use^ are valuabl© ventilators 



in connection witk this system; they have a conttant updmi^t 

of from four to ten feet per second. Doctor Edmonds Ea« 
recently received a report of the practical working of the system, 
first employed in the R^:>yal Sovereign, in 1863, for the ventilation 
principally of the ship's fnunework, otherwise totally unprovided 
for; it answers this purpose perfectly, removing all foul smells 
from the bilges, and keeping the air of the between-decks pare; 
its utility is proved by their foul state returning whenever it« 
action ia suspended. Captain Sherard CI»bonie writes; — ^I ** con- 
sider your apparatus well qualified to veotilate the decks of 
ships devoid of scuttles or ports, and I attribute to it mtich of 
the health and comfort my crew enjoyed iu the Royal SovereigD. 
Doctor Elliott, surgeon of the ship, states:— "I have modi 
pleasure in bearing testimony to your system of ventilation, 
which has acted ao thoroughly in removing the foul air £rom 
the bilges and hold of this ship; I consider it one of the best 
sanitary measures introduced on board Her Maje8ty*a ships,'* 
The Admiralty have directed Dr. Edmunds to prepare plans for 
most of the ships now being built. In the commeDcement of 
the year 1864, Her Majesty's Emigration Commisaionets, ever 
anxious to make the ventilation and other arrangements of their 
ships as perfect as Doasible, permitted Dr. Edmunds to carry 
out his system in tnree of the ships taken up by them — the 
Art Union, the Earl Russell, and the General Caul field. 

The report upon the working of the system specially required 
by the Commiaaionera has established its sucoeas. The surgeon 
superintendent of the Earl Russell reported to the Commis- 
sioners that It was the most perfect system of ventilation in theory 
and practice he ha*! ever seen. Dr. Carroll, of the Art Union^ 
iu the course of an elaborate analysis of its efiTects, states that in 
the hot latitudes he found the temperature between decks lower 
than he had ever before experienced ; very little unpleasant smell 
was observable in the between decks, and the heated and foul air 
that IS usually observed arising at night and from the deck veO'* 
tilators was in this instance absent. Jo the calms about the 
Equator the steam jet w!\s much used ; the tempeiuture during 
its use was reduced, and a very i>erceptible cfraught created^ 
evinced by holding a candle at the air holes, and the strong current 
observable at the cowl head. In the General Caumeld, in 
which ship 1 had an opportunity of testing Dr. Edmunds' appa- 
ratus, the results were fully in accordance with the foregoing 
Htateraenta. While the steam jet is in operation very little water 
can be obtained from an a paratus capable of distilling 600 
gallons of water per day of twelve hours. An extra quantity of 
ooal must therefore always be estimated for ; I should say about 
ten tons, the oost of which is quite insignificant in comparison to 
the valuable results accruing from the use of this apparatus. In 
a sanitary point of view, independent of the use of the steam je% 
and depending on the wind, I consider it a vast improvemeoL 
superior to any other system of ventilation I have ever examinea 
in the course of my experience in superintending emigrant and 
p:i6isenger ships ; and I can only conclude that in Dr. Edmunds* 
method we have every requirement to ensure the effective ven- 
tilation of vessels of war and passenger ships. In directing its 
adoption generally in the sliips taken up for the conveyance e^ 
emi grants, Her Majesty's Emigration Commissioners have not 
only conferred a great boon on these poor people by making their 
temporary abode upon the waters more healthful and agreeable^ 
but the ship* will also, in consequence of their timbers being 
kept dry and ventilated, resist the dry rot, and last longer— 
although this in the eyes of the philanthropist is a very secondary 
consideratiou to the preservation of life and health at sea. By 
conducting the steam jet into the ventilator we increaae the cur- 
rent, and thereby discharge the foul air more rapidly^ — the oon- 
clusion arrived at being, that if we succeed in discharging the foul 
air, the vacant space will be occupied \^j pure. In the case of 
steamers we conduct the channel into tlie funnel, or, if preferred, 
oouuect it with the ilreplace» As to the ;idaptability of the ayetem 
for ventilating houses, I think a very sir^ple arrangement would 
prove effective, by sifting some of the b^rtls in each room, aiid 
converting the space between the joists i^^jtoabox three sides air- 
tight, the bottom peiforated with minnttS^ apertures penetrating 
through the ceiling of the room below, the air box to communicate 
through the medium of a tube with the Mue, the updraught in 
which would be precisely similar to the funnel draught iu steamers. 
By this simple arrangement I he flues M rooms, at all timet 
vjilurtble ventilating agents, will be retidifered more perfectly fO| 
and the heated air of a room, ascending Uo the ceilings moreefee* 
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ixudly «»rri«i^ off. To a certain extent also I Bhould imftgine tliU 
AfTmng^nidtit would be ii remedy for smoky chimney a. To injure 
m supply of pure air, not geoemlly obtainable iu clow narrow 
Btreeta lub^^biced by a large (>opiilation of the working classes, I 
wuukl si*^»ijc>at au opening in the ceiling of the top landing, ter* 
mtOAting in n cowl veutiLilor on the roof; arrangea to turn with, 
and towards the direction of the wind. This would insure the 
p«reat air obt^innble being aupplied to the staircase^ hal1| and 
pBMBgea, la the skirting board of the room» the intiertioti of a 
perforaied plate would admit this purer atmosphere, I should 
be glad to have the opinion of practical men as to the expense of 
iLia venLilatlng arraDgement. I cannot think it would amount 
to more than a few pounds ; and surely the owners of property 
lei in ieneuienta would not heRitate^ if this muy be deemed an 
important sanitary measure, to tax themselves in a small degree 
to increase the health, promote the happiness, and prolong the 
llTfis of a large and important section of the community. 



ON THE SAFETY AND SEAVyORTHINESS OF 
VESSELS* 

Br JOHX Fk BO US ON. 

Bxosirr events have excited an unusual amonnt of interest 
abcrat^ and inquiry into, the safety and aeaworthinests of veiMela, 
aod it may be well for an Institution such as this to give an expres- 
sion of their opinion, aa to whether any course mi^ht be adopte^l 
which would insure greater safety to our mercantile navy, either 
in their build, equipmeat, or management. It is a fict that every 
j«ttr there is a great number of losses among the vessels belonging 
to or tradiag to and from this country. I am not aware that the 
loesee are increzi^ng in a greater ratio than the increase of Mhip- 
ping; atill, from the greater supervision which vessels are subject 
to, and tlie improvements which are taking place in their cou- 
afcniction and outfit, together with the application of steamers to 
nearly all our maritime commerce, we should expect that the 
aaawties would be decreasing. However, we must hear in mind, 
iliat with the introduction of st-eaniers into so many trades there 
■MooBsartly follows a system of starting on their voyages at stated 
limeai fegardleaa of the state of the weather; and also that, in 
Oftler t4>keep pnnctnally to their days of sailing, they are kept 
Ming on at times and in circumatancfs which may not be favoura- 
Skp or even safe. To prevent as much as poeaible casualties to 
pvaenger steamers, the Board of Trade have appointed surveyors 
at the principal ports of the kingdom, who periodically inspect the 
naehinery and hulls, granting certificatesi to all vessels which are 
fitteil up with their reauirementa, such vessels being provided with 
boats, lights, and sundry other fittings specified by the Board of 
TradeL In addition to these, there are rules laid down defining 
which side vessels are to take when passing others, and also 
ccriifieatea are required that the compasses of iron vessels have 
been properly adjusted. In fact, thejr employ means to insure 
the aafety of life and property from shipwreck, or other accidents, 
in an far as they consider it consistent to interfere with the 
mrraugeraeots of shipowners. To prevent vessels from being ship- 
wrecked on our coasts, we have lighthouses to guide, storm aignals 
V} warn, and harbours of refuge to shelter. To prevent ahip- 
wreok through damage to hull and machinery, the surveyors 
examine that all is efficient aa far as can be ascertained, To pre- 
rent loss by collision there are sailing regulations, fog horns, 
•team whistles* &c To prevent loss by fire there are fire-hose, 
engines, Ac. For prevention of loss through errors in the com- 
pAsses there is the requirement of a certificate from a competent 
aditiiier for all iron vessels. Then, in the event of accidents, 
ire not unmindful that boats, life-buoys, rockets, &c., are all 
^^ut. Still, for all the precaution and care taken, shipwrecks 
occur occasionally, under such appalling circumstances, that w© 
a,rf» ietl lo ask. Can nothing further be done ? 

iidering of the Ijondon and Amalia, and the immense 

r\nd property on our coasts during this winter, together 

itiquiries instituted by the Board of Trade into the 

the loss, especially regarding the two above-named 

I ., ., ,u* .„t many suggestions and opinio us as to how 

i^a of vessels in like circnmstiinces might 

. .adicating what were the immediate causes 

f tliese vesselfl. All our members muat have 

i,.,^ ^ I literest the particulars given iu the newspapers 

of the investigationa aa to the loss of these vesaehi—vesaelB which 

* Eeatl »l Ibt loAiituiloii of Xof ineen in ScotUnd 



we have every reason to believe were strong aod faithfully built 
and well equipped, able to stand the severe buffettings they were 
subject to without straining, and yet they bad to succumb to 
what we might call trifling defects in their deck arrangements. 
From such events we have much to learn; and if we have 
arrived at the true causes of these catastrophes, it is a doty which 
devolves on us to discuss the subject, to see whether any remedy 
may be found which might tend to prevent the recurrence of such 
accidents. And I would notice that it is evident from the reports 
that the foundering of both these vessels was pi^*ceded and 
accelerated by the immense body ot water which was shipped on 
deck. In the case of the Loudon, the lower part of the ports for 
taking water off the deck w;a8 about 16 inches above the top of 
the deck, in consequence of there being a box waterway or spir- 
ketting which extended up to that height, so that, until the decks 
were filled with water up to the top of that spirketting, it had no 
way of getting off except by the scuppers, and if these were filled 
up by the coats washing about the deck, then we can understand 
what difficulties the crew had in their endeavours to close up the 
engine hatch after the skylight was washed away, especially 
when we are informed that the coaming of the engine hatch was 
only about 11 inches above the deck to the check, thus showijig 
that the water on deck would he flush with the top of the perma- 
nent coaming before it could get egress by the shle ports, even if 
the ship was lying level. The quantity of water the deck would 
contain below the level of the porta would probably exceed 100 
tons, and this weight would be increased more than fourfold 
when the water would be up to the main rail. It can easily be 
imagined that such a weight thrown on the top of a ship would 
tend to make her unmanageable, besides the risk of the water 
breaking into the holds or engine-room through any of the deck 
openings, or into the poop or deck-liouses, while to aggravate the 
evil, it would prevent the crew from doing anything to mend 
matters by pumping or stopping the o[>euings on deck. Ship- 
builders and owners are aware ot such i-esults being likely ia| 
follow the carrying of a large body of water on deck, and heuc6 ^ 
in vessels intended for stonny passages provision is made for 
lessening the evil by having high coamings of iron at the engine- 
hatches, inclosed stock-hole gratings, and in some cases the front 
of the poops are made of iron, besides having the ports in bulwark 
as low as possible. Various suggestions have been made to 
remetly the evils complaint'*! of, such as raising the engine-hatch 
coamings, deck pumps, auil sounding-rod tubes to a considerable 
distance above the deck; and some f>eop]e are of opinion that the 
great length of steamers in proportion to their oreadtb causti«i 
them to oe less seaworthy than if they were broader or shorter. 
It may bean evil to make v«^rtsels of extreme proportions of length 
to breadth, inasmuch as th^vt the weight of the upper part of the 
vessel is increased by the aHrlitional strength required; but I am 
not aware that vessels built i»f iron, of the udual proportions and 
construction, are more liable tu foundering than shorter vessels. 

If we are correct in our inferences, drawn from the reporta of 
the loss of the London and Amalia, viz., that their destrnctiou 
was accelerated by the maasses ctf water which they took In on 
deck, we would naturally conclude that if vessels were so con- 
structed as to be free from the liability to retain water on deck, 
then they would be free from the Ikibility to founder under 
similar circumstances. It is the opinion of many that if our 
large steamers, which have to sail in all weathers, had spar-decks, 
the evil of having the main decks filled with water would be over- 
come, as in vessels of that construction the water could have no 
lodgment on the upper deck, and aa prevention is always better 
than cure, it surely must be safer to keep the body of water off 
the top of the vessel than to have it remaining on, especially 
when its presence is attended at times with such disastrous 
oon sequences. It may be unnecessary to describe the points of 
difference between a spar-deck ship and one with au onlinary main 
deck, further than to state that most of our large steamers which 
carry passengers, and have no spar-deck, have poop and forecaa- 
tie, or deck-houses, amidships, alt above the main deck; some 
have poop, forecastle, and deck-houses arranged so that the vessel 
is nearly all covered in, excepting iu the part between the poop 
and the forecastle, boundetl by the bnlwarks on the one side and 
the deck-houses on the other. This open space is where any body 
of water which breaks on board lodges, and where in being con- 
fined it is so injurious. In such ships the crew are accommo- 
dated generally under the topgallant forecastle, and the officers 
in the midship deck-honsefl. in spar-decked ships the arrange- 
ment of the forecastle, officer^ roomBi cabins, &c., may be pre- 
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d«el/ the SAlue A$ just dcscril^ed, but \he entire np\yer pnrt of tlie 
•liip is coveted io, the iide of the vesi^el being carried np to iUe 
upper henniR, The ipar-deck ia geoenilly surrounded with nii iron 
railing and tUnchious instead of the high close bulvrarka required 
for the other description of veasel. The fact of tlie apar-deck lieing 
fieven to eight feet above the main deck^ shovvg timt tfie sen 
wouki have to rise that additional height before it could ^et 
above the vessel; and even should it get on the spar-deck, there 
are no barriers to prevent it getting otf at once witliout the same 
risk of doing damage by breaking into poop, enginernom, coal- 
hateheB, 3tc , owing to the deck openinga lieing »o mucli above 
the load liue^ whi^ in nil cases should be regulated by ihe main 
deck, I believe that the principal barrier to the mloption of 
«pftr-deck« for our large pasaenger steamei-s ia, that being bnik 
in that style, they rate much higher in their tounnge than veK«eld 
with the same accommodation which have the poops, forecastle, 
and deckdiouses. In the latter claaa of veasela, ihf* lonn^igc of 
the space occupied by the crew is not included in live tojiunge of 
the vesael, unlesji it exceetl one-twentieth of the gross lonnnge, 
when the excess is iuclurled in the tonnage; while in nlnp^ with 
apar-decks the apace occupied by the crew ia included in the ton- 
nage, although the arrangement on the main declt mny be pre- 
cisely the same in both caaea. It eccms an anomaly tl»al such 
should be the C7i^e, as it ia manifestly unfair. 

There may have been *iome gf^'od reason for making the law as 
it now 8taufU» but it is difficult to underatand why it shouM he 
continued, if it encouragea a system of construction in vesaels 
which has dtaad van tagea, SI >me of which I have endeavourt-d to 
enumerate. And as the Board of Trade nre about lo introduce 
Bome change!! in the tonnage laws, as regards the men«uren»ent 
of ate;imer«, it might W worthy our cousideratiim whether xvie 
should call iheir Attention to the matter at present 

It wiil be in the rec*»Hection of the members of the Scotti-»h 
Shifibuihlers^ AR8»>ciatinn, that after the reading of a ^wiper by 
Mr. Lawrie on the new meaanrement tonnnge, a comndriee wim 
apprjinted who memorialised the Board of Ti'ade rcfijiecting lite 
I'emifwion of tonnage of al! fijmces occupied by the crew in ^dl ve**- 
j|els, lo iin ejclent not exceeding one-twentieth of the grosa ton- 
nage, as at present allowed ftr forecn^lles and houses on the 
upper deck, T\nn memorifll was sent in 18(>3, and in nuswer the 
Boani of Trade replied "That in tlie event of any further Ipgis- 
latiou <tu the suliject of totumge, the points to which y<«n luivo 
directed attention will receive the careful attention of lh«ii* 
Lor^iRhipa" Bee ides having that reply from the Secretary lo 
the Board of Trade, Mr. Moorsom, the lale Surveyor Genernl 
for Tonmige, in t^iuuludtng a lett -r addressed to Mr Lawrie mi 
another part of the subject, in alluding to the question of the 
r*«mi?*«ion of the space appropririted to the crew, in whatever 
part of the ship it airiy be situated^ whether above or below the 
up|>er deck, sriys-^" I have much pleasure in sttitiug tliat 1 cor- 
dially concur in the views expreaseil by your cimirm:iu (Mr, 
George Smith) ou this subject, and which were so unanimously 
accepted by the meeting; «nd 1 thought it my dulyao to ex press?* 
my»elf to the Bonrt) of Tmde on their late reference to me «>f the 
papei-sj of the Aaaociution on the question*" 

Thus it seems to me that if the Board of Trade and the hte 
Surveyor (reueral for Tonnage wer^ at that lime favouraldi* tn 
the Tfunsijion of the toimr^ge of the crew s|jace, even although it 
was under tlie m.iin deck, I thitik that, when we now bring f.»r- 
wiirl H8 nn ailditif-nai rejfB n thnt the remission of ih'it lf»nn,Mge 
would encounige the conslructing of vessels which I have endea- 
voured to show would be much more saft* and seaworthy than 
ihe others tiefore mentioned, at the present time, %vheTi they 
couleukphite making alterations in the law, it would be weM for 
il>* lo send up a niemorial on the subject witliout delay, asking 
them to take the subject into consideration. 

The nvcHoadiogof vessels ia another subject which lias Intely 
been brought ptYiminenUy before the public, and it seems to have 
l>een under the cf^nsideration of the Boiird of Trade, as to whether 
they should exercise any control over the loading of vessels, aa 
reported in the newspapers, Mn Milner Oibsou, President of 
the Board of Trade, ni reply to a queatioD put to him in the 
House of Commons, said — ^* In consequence of the reports on 
the loHs of the London and Ama'ia^ the question whether the 
deep sea line could be jierraanently marked on all vesrteU carrying 
fWkB^icngers aud merchandise, had been considered by the Board 
i>f Trade, but the difficoities wei^e found to be iDau'perable, the 
OorerDWf^ni o^\^'\^\& having no means of marking the deep wat^yr 



line applicable to all circumstances, or of deciding how deeply h 
veaaeJ may with safety be immersed in the water/' 

Therein* no doubt but there may Ije difficnttiea in the way 
det4>rmiriing the depth to which ve^Jiels shouKI he hmded; but il 
it is a f;ict that the loss of niany a vessel may be traced to over-J 
loading, it is atirely worthy of an efTort being nmde to arrive a fT 
what wouM l>e a ftir depth to which ves«ela might be l<»udedJ 
The nnderwritei-s rec^unmend that ships should have three incheil 
of aide from the lop of the deck to the deep load line ftir every! 
foot of depth m liold; hut we fear that in many Ciises such a re-com-l 
mendntion has no weiglit or authority, ■ 

In 8teamer«, which carry a large quantity of fuel for Jon^j 
voyages, and which by the consumption of fuel are getting lighterj 
every day, it is not so easy to define Ihe depih at which thej 
fchou Id leave port. Butsurelyonr Pteamship owners conhl giv« 
sutlicient data as to what has proved U> he safe immersions. TliiaJ 
with the information from other sources, miglit decide on th^ 
depth to which ^'ea^els could be b:ife]y loaded acoi»rding to th< 
st^Bon of theyear. It might beaqm-^tion for our considerntittiil 
whether the draft should be regulated \*\ the depth of hold amid- 
ships, or whether the sheer or height forwiud and nft should 
taken aloug with the midship depth, or in v**^Ha with a gnail 
breadth in proportion lo their depth perhaps t! c biTadih ongbl 
to form an element in determining the deep h)ad iine. 'J'iiere fii)ijr| 
be some other elements to be taken into account, and I believe] 
lliatifwe could suggest any reasonable proposiai to the Bfiard of; 
Trade it would receive their favourable conaidenition. 

lu reference to the large number of wrecks which have taken 
place on our coasts during the past winter, they were neaily all 
sailing vessels driven on shore by stress of weather. And we 
see that steps are being taken for the erection of a lighthotiae tkt 
a part of our Western Islands where it cannot fail to l»e of ser- 
vice to vessels driven towards that dangerous coast. I think J 
also that the erection of a breakwater in Ixtcliindanl, Tslay, would 
be the means of giving shelter to many vesaela which are obligedJ 
to try for shelter among the islands, when they cannot managefl 
to get through the North Channel. I-.ochindnul seems to he a 
n itural harbour of refuge, although at present it is not aide,. 
owfug lo the want of some artificial shelter. 

There are many cases of shipwreck or foundering through 
variety of causes whicli it is not easy lo foresee or provide again sip 
but it is a duty which devolves on all connected with shippiog t4» i 
reme^ly defects wherever they are known to exist; and i liofje 
the members of this Imjtitution will give the subject their bf«t 
consideiution. 
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Jn ilie discussion which followed the reading of the paper, 
Mr LiRoaoK Suith. jun., said that he Iteartilj approved of the i 
tioti made in the f>iiper, that in the tonnage meafurcment of 
allowance shctuUl W made for the ipac^ occupied by the crew, whether 
it was shove or Wlow the deck. He could not see wiy reaaon why the 
Board of Trade should fiUcc large vessels in a more f«voiirable posi- 
tion than small odcs in that reapect; for if any advantage wm t<f be 
given to either, eurely the Biuall vessera owner required it more Ihaal 
the otlier class. Besides, be was of opinion that nothing should be I 
done by the Board af Trade that would prevent the crews of vesscLi * 
being as comfortably situated iti the eUip as poasible. In Ahi^w i 
in northern latitudes, in early spring or winter, the tMpgaUaui 
castle was a v«ry cruel place to put the crew, because ot the opoi 
of the liAwae pipes botb in front and at the entrance frnm ilie 
deck He had known tliat in some of his own firm*^ 
tM»tt4»n)s had been washed out of the bunks by seas coming ^ 

the hawse holes. Ttie discomfort was not so great if the vessel im 
going on a aouthem voyage; but if it was going a North Axnerican 
one, keeping in ct»ld latitudes all the way^ it was er '' ' un- 
comfortable for the crew. It seemed to him a matter ci tuoo 

faime«H that the space in which the crew wasaooommodikl^ ..i doI 

he included in regiitration. Mr. Moorsom, the late Burveyor-f lescraL 
for Tonniige, waa likewise of that opinion, and promised that iu any 
future legi^ilation on the subject the matter would receive attenti<»n, so 
far aJH he could influence the Government. He Ij^ieved that it wss 
to the Scottish Shipbuilders* Association that the pubUc were tndebtod 
for the lona^ and other vessels of that class. Previously it was usual 
to calculate all such deck-houses as tliey fioeeessed* mv\ include them 
in the tonnage; but on the representiLtion of that a«sociatii>n the Board 
of Trade agreed to exclude them, and hence the ptiblic hav» Itrcn 
benefitted thereby. He had no dnutit that if space wer« allowed f^J 
the crew it would also CMmfer a great benefit 4ia fccameu. 

(T^btet ncluded in our ntJi,) 
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THE PERMANENT WAY OF RAILWAYS/ 

By BOBEUT RlCHARDSO??^ C.E. 

The term, ** Fermnnent Way" is em piny ed to (lislinguifih the 
Lrou-eilge railways on which we travel, from the old cast-iron 
ttikmroads, and from the temporary wrought-iron waya used by 
coxitmctora in the constructivD of railway earthworks. For con- 
atructiuff these works the temporary, or contractors' way, \b 
beyond doubt a great advance upon the old Dobbin carta, which 
are still ased for removiag earth in the formation of docka ikud 
catiala. 

A contractors* way is made up of light wrought-iron rails 
apiked down to transverae wooden sleepers. It is strong enough 
to carry two or thre^ tons of earth in each wagt^on. The oldcaat- 
iron traojroada were principally used for bringing coal from the 
|/ii*s mouth to the shipping porta. A short time before a rail- 
way it opened for tra^e, bkllast is spread over the line, and the 
can tractors' or temporary way is replaced b}' heavier rails and 
larger sUepers. These constitute what is appropriately called 
tl>« Permanent Way; and to this I in lend, as far as possible, to 
ootitiiie ray remarks in the paper which I now bring before you. 

From the beginning of this century to the present time there 
biive been many experiments and trials of new ioventions for 
permanent way, but without practical results of any great impor- 
tJince; for many inventors, ignorant of what had already failed, 
have re-inv^ented and tned the very same supposed iniproveraents 
over and over again, each in bis turn being unwiUinr^ to admit 
that his scheme was not new. Some of the first inventions 
suffice to province a good ordinary permanent way; and, with the 
exception of some important improvements in dulalls, we find 
ourselves, after a lapse of more than thirty year.^, using very 
much the same sectional figure of wrought-iron edge-rail as was 
then adoptetl 

Besides the transverse sectional forms of cast-iron trams and 
wnmght-iroii edge-rails that have been more or less used or 
miggeated, there are very many other slight sectional variations 
Utta in repairing roads; for engineers are seldom satisfied with 
tlioiie adopted by their predecessisrs. 

Tu Mr. Smiles* ** Life of George Stepbecsnn," he says that a 
Mr, Beaumont employed wooden rails as early as 1630. Accor- 
ding to another author, he laid them nenr Newcastle In 1602; 
but, ns might be e3q>ected, little encouragement wha at that time 
given to the invention. According to Mr. Nicholas Woods, the 
books of the Colebnjok I>ale Company furnish r^^liable evidence 
thai in 1707 five or six tons of rails were cfl#(, and from about 
this lime dates the birth of cast-iron rails. They wefe probably 
angle-iron for some tramroad; for it is elsewhere mentioned that 
an iron tramroad was laid near Sheffield, by Mr John Curr, in 
1776» which was destroyed by the colliers. That this was merely 
m tramroad is confirmed by the fact that, three years after, Mr. 
"Willinra Jessop first used caat-iron edge-rnWa as a new invention. 

In 1S14, light wrought-iron square bars, two feet long, were 
imported from Sweden. They were bid on longitndiual timbers, 
by Mr, G, Stephenson, on the Killingworth Colliery Railway. 
Kails are now rolled as long as Uiirty-tive feet. Two years after- 
wards, the same gentleman pateuted a cast-iron edge-rail, which 
he mrton abandoned, returning to wronght-iron edije-rails. Up to 
ibis time, railways for the public transit of passengers were not 
utd to any extent, and little was done until 1825, when Mr, G* 
8*'"'^' '•■ -n adopted Mr. Birkenshaw's patent fish-belly wrought- 
1 for tlve Stockton atid Uarlington Railway. Thialast 

k.„-. . , - J^'o-rall was laid on the Liverpool and Manchester Rail- 
way in iy29. for the competitive trials of locomotive engines, 
which were to run only by the simple adhesion of their wheels 
on tlie rails. Before this time locomotives had been armed with 
cog -wheels, that geared into iron racks laid down upon the road 
to oaaiftt their propulsion. It is worth while observmg that this 
oompany at one time seriously eontemplateti carrying only goods, 
aonie of the directors thinking that to carry passengers was not 
worth their at ten tioD, and would never pay. The first Parljit- 
jD^tiUry sanction for an iron tramroad was granted In th^^ar 
"11, for ft line from the river Thames at Wandsworth to 
Croydon. Wrought-iron fiah-belly rails were, in after years, 
proposed by Mr. L K. Brunei for the Great Western Railway; 
AodAiaodel was exhibited by him to the Committee of the 
Houae of Lords, previously to the company receiving their Act 
of Forliftinent in 183d. 

• Eesd at tbfl fciiPCDior*' lavfcitaie. 



Before the present great railway system was carried to any 
extent, Mr. Henry Robinson Palmer, an engineer of surpassing 
ability, and one of the founders of the Institution of t'ivil Engi- 
neers, invented a railway having only one single rail to travel on. 
The rail was elevated more or leas above the ground, and upon it 
was fjlaced a wheeled saddle, from which panniers to carry 
passengers were suspended on either aide, as they are from the 
back of a mule. To this carriage a rope was attached, and it was 
drawn along by horses. About a mile of this road was laid at 
Cheshunt in 1830, and another length was laid shortly after- 
wards in Woolwich Victualling Yard. Mr. Palmer then proposed 
a double elevated railway, so as to enable the centre of eravity 
in the carriages to be brought nearly down to the level of the 
rails. This scheme was abandoned, as being too expensive. The 
next change in the form of edge-rails was made by Messrs. 
Stephenson and Locke, and with their united thouglita they 
produced a double-headed rail. This rail was simply fastened 
with a wooden key into a cast-iron chair, which was spiked down 
to transverse wooden sleepers, or fastened to stone blocks. Mr 
I. IL Brunei soon abandoned his first theory of fish-belly rails, 
and narrow gauge, for a hollow single-beaded rail and a seven 
feet gauge, which is the system still used on the Oreal Western 
line. This rail is screwed down to a longitudinal timber, and 
between the two are placed thin slips of hard wootl, with their 
grain running across the sleeper. A someubat similar solid rail 
was invented by Messrs. Slepheoson and Vignoles. This rail is 
now universally used throughout France. It is screwed down 
to transverse wooden sleepers with galvanised iron-wood screws; 
and, to prevent the workmen from driving instead of screwing 
them, a little detector is raised on the head of the screw. About 
twenty years ago the traffic on railways began rapidly to increase, 
and the great cost for upholding and repairing railways was 
sorely complained of. With a view to economy, Mr. \V. H. 
Barlow invented a rail, in which both rail and sleeper were rolled 
in one length of metal. This rail takes its own unaided bearing 
in the ballast, and has the least number of det^iched {>arts of any 
system to keep in repair. It ba* done great duty on the Midland 
line, between Gloucester and Stonehonse, for the last twelve 
years. Though somewhat harsh to run over at high speeds, for, 
lines of light traffic, and where the decay of wood is rapid, such 
rails form a most economical system in construction and main* 
tenance. 

Some specnlative minds have thought it necessary to make a 
permanent way elastic. This is fallacious for many reasona, and 
would be extremely dangerous to travel on at high speeds. 
What is required is a way that will absorb the violent concussions 
or blows of a heavy locomotive engine, and only just sensibly 
yield to the passing load; but this impression on the rails must 
not on any account amount to elasticity, in the true mechanical 
meaning of the word. Again, the other extreme of a very deep 
and very rigid rail has failed, partly because the top surface of 
the rail spreads oat or crushes under the weight before it becomes 
fairly worn, and this is caused by the unequal expansion and 
contraction of the metal between the top and bottom surfaces, as 
tbey never can be placed in an equal temperature. The vertical 
section of a rail, to secure this desideratum of contraction and 
expansion, should never exceed five inches; for even in England, 
in summer weather, the temperature of the top surface h often 
as high as 130 deg. Fahr. in the sun; and there is a sensible 
ringing noise as that temperature alters by the passage of a 
cloud in the sky, which is a sign that contraction has gone on 
throughout the depth of the rail, and that the fibres are not being 
displace, aa they must be in a very deep rail under the same 
circumstances. 

There have been no striking improvements in railway chairs, 
nor do they seem to admit of any, except in the proper admixture 
of metal in their manufacture. They have been cast solid, and 
rolled in two parts, to dispense with wooden keys, and the keya 
have been drawn in place by screws, but no advantage has been 
gained. They must be simply attached to the rail, and any 
complicated arrangement only increases the number of parts to 
be Kept together. Railway keys have been made of many 
jnaterialy — papier-mache, rolled iron rings, cast-iron, and wood. 
They have been made in one, two, and three parts, and driven 
or screwed into the chair both vertically and horizontally. The 
spikes to fasten the chairs are sometimes hollow, at others solid, 
twisted or splits Tbey are driven at almost every angle into the 
sleeper. 
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I will now refer to tlie schemes for aecaring the rail-joints. 
Until 1847, double-headed rails were simply fas I cued by a 
woodcD or iroa key in a cast-iron chair. The rail ends were 
coiistautly pnrtiDg, and under traffic the iiicessAut tippiug of the 
luib and j ant t sleepers iavolved a fierious expenditure for main- 
teuance* With a view to mitigate this evil^ in 1845 and 1846 I 
suggested aiid carried out some practical experiments, by re* 
nioviog the joint-chair, and suapending the raik at the joints 
1)etween two comraon intermediate cast-iron chairs on sleepers, 
through which one long wooden key waa driven on one aide 
of the rail only. This answered beyond my eipeotation. It 
prev^^nted the longitudinal tipping, and greatly reduced the 
cost of maintenance. Improvements in this arrangement^ one 
of which was the application of two wedge-Bhnped iron keys 
instead of one long wooden one^ with other schenies for ibis 
purpose, were secured by me, in conjunction wilh Mr, W. B. 
^dams, by letters patent, and ciiUcd hj hira fish-jointing. We 
then bolted the fish-plates to the rails, and, after some four or 
^ve years of further ejiperinienta, solely through the determi- 
nation of the Permanent Way Company, the system began to 
be appreciated; and fish-jointing, with its improvements, has 
noWi under the guidance of this company, gradually spread 
wherever railways exist. The annual saving in maintenance, 
with all its collateral advantages of aafety and diminialied wear 
Aud te.-ir of rolling stock, aniouuta annually to millions. Mr. 
Wood house, of the Loudon and North Western line, gave in 
evidence that, by the use of suspended fish -joints, there was, 
on his line, a saving of seventy-five per cent in maintenance 
— an economy which, in other words, represents a dividend. 
Several improvements in fiah-jointing have since been made; 
and the rapid increase in the use of Mr, Willinm Pule^s inveo- 
tion, of tapping one fish-plate to dispense with nuU, is fait 
8Upersedit}g all other plans for tiew lines. 

With the present traffic on railways, the bearing surface of 
sleepers should never belesa than 10 squnre inches per foot forward 
ou a 4 ft. 6^ iu. gauge, this surface increasing as the gauge 
widens. Sleepers have been made of earthenware, stone, caat- 
iron, wrought-iron, and wood — the last being the material moat 
employed, ou account of its cheapness, and beaiuse it is thought 
to dispense with the harsh sensation which is supposed to be 
caused by iron aJeepera, but which is often due to many other 
circumstances. One of the at! vantages of timber is its great 
dead weight; and if it were not for its rapid decay, and destruc- 
tion under the chaira and fastenings, no material could be better 
Adapted for sleepers iu cold climatea. The durability of wooden 
sleepers is in some measure increased by the tiae of preservatives. 
They have been charred, soaked in salt water, and in solutions 
of mercury, zinc, lead, iron, all, tallow, resin, creosote, and 
aulphute of copper. This last-mentioned material ia very valo- 
aiilcj and through thc^ kinduess of the Permanent Wiiy Company 
I am permitted to otfer the membem of the Inventors' Institute 
copies of Dr, Boucherie's pamphlet, descriptive of his process for 
preserving timber sleepers from decay, by forcing a solution of 
sulphate of copper through them. His experiments have now 
extended over twenty years. In hot climates, besides decay 
accelerrited by the high temperature, the ravages of the white 
ants and other insects render even preserved timber worm-eateo, 
and Ibe preservatives make them brittle; consequently other 
materials must, for economy, be used. Of these caat-iron is, 
beyond doubt, the best. It possesses many advantages; it has a 
thick, harfl crust, to i^esist oxidation; its dead weight ia consi- 
derable; it is easily re-cast when broken; it may be constructed 
BO as to present a great bearing surface, and to be free from what 
is called swerving and i-ocking; and, by proper arrangeroenta, 
rails laid on cast-iron sleepers may be made quite as easy to 
travel over as when they are placed in cast-iron chaira on wooden 
sleepers. Many miles of cast-iron sleepera, the invention of Mr. 
P» W. Barlow, have for the last i-ixteeii years been under traflic 
on the Sonth Eastern Railway in the neighbourhood of HastingB^ 
and for fifteen years on thft Euniskillen line. On the Great 
Eastern line, Mr. Jamas Samuel laid down some timber-bedded 
cast-injn sleepers, which were under heavy traffic for ten year^. 
These sleepers, with their timber linings, posseas the merit of 
having great strength and dead weight. Mr. Hugh Greavea^a 
system ot aleepera, made like inverted bowls, has been for many 
years used in Egypt, India, and Brazil. Mr. Do Be rgue^a circular 
plates are used in Spain, and Messrs. Livesey, Griffin, and other 
gentlemen, are engaged lu lay log dowa cast-iron sleepers, 
Mrraaged aocord'mg to sjstems invented by them, A few years 



ago the Perroanent Way Company prosecuted a aeries of experi- 
ments for ^kscertaiu in g the breaking strain of cast-iron sleepers, 
the resjultfl ot wliich were presented to the Institution of Civil 
En;:ini>er8; and I am still engaged in preparing experiments on 
a new form for caat-iron sleepers. Mr. Wilson is at present 
hiying corrugated wrought-iron sleepers on the Indian Brandi 
Railway, though aa yet there has been little experience as to 
their durability. 

It ia far beyond the limits of a paper like this even to refer to 
the many inventiona that have been made for permanent way; I 
must therefore, aa much as possible, confine my attention to the 
bare outlines of the general principles which ahonld regulate the 
construction of a good road. Some kinds of permanent wajr 
answer very well in one locality, hut often fail in another; and 
what makes a tolerably good road in one kind of ballast may 
soon go to pieces in ballast of another description. It ia, there- 
fore, impossible to devise any particular ay stem that ia best 
under all ciixyumstancea. 

The pj-oper laying out of railway curves forma a very impor- 
tant feature in their construction, and great care must be takeD 
to increase the width of the gauge aa the radius of the carre 
diminishes. To permit of a high speed on curves, the otitside 
rail must be elevated more or less, to suit the maximum speed 
and mdius; in a word, gauge and elevation of outside rail have 
to be accurate, Imt not uniform; and when this is carefully done, 
slight curves, instead of being objectionable, are preferable to 
sti'aight lines for high speeds, for they give steadiness and even 
presaufe in the one diiTction or the other, while the straight 
line causes constant vibration. When a railway cannot be made 
level throughout to work with economy, the necessary inclines 
fihniihl be short, and constantly falHng and rising. On a line 
with very steep inclines the top surface of the rail is sometimes 
more rounded than ou a level line, and when the metnl is soft 
an engine criu ascend a ateeper incline on soch rails than on 
thof^e which have a f! hitler surface; but this necessarily impliee 
destruction of the rails. I know of a case where an engineer of a 
railway laid down raila considerably rounded, on an incline, in 
oppojiition to the wiah of the locomotive engineer, who dehired 
he would soon flatten them; and with the hard ssteel tires of liis 
locomotive be shortly fulfilled his promise, so that the rails were 
Boon worn out, and had to be removed. If Mr, Beaaeroer's steel 
rtiiJA had been employed, there ia little doubt that the result 
would have been the other way; for, on the I^ndon and North 
Western line, one of his experimental steel rails has worn Oat 
eighteen faces of common raila. 1 will now devote a few woida 
to turn-tables and switches. 

In turn-tables, very few improvementa of any importance have 
been made since they were firet introduced. Where there is not 
sufficient room to work them, Mr, Dunnes traverser — which may 
be seen at most large stations — is y^ry useful and ingenious, aa 
a fluhatitute for them Before the invention of switches, by 
which an engine is enabled to run out of the main line on to a 
siding, two main line lails were made to turn out, so that their 
ends came in line with the first two fixed rails in the siding. 
This arrangement was the cause of many accidents, to avoid 
which Mr, Curtis invented his double-shifting turn-out raits; but 
still accidents from running otf continued, until Sir Charles Fox 
invented and patented a safety switch, by the use of which it 
became impossible for an engine to ruu otf the rails. Sir C-harles 
notched the main rail to receive the point of the switch, and Mr, 
H. C. Wild, by housing the pwint under the top flange of the 
maiuriiil,diflpensed with this notching, and thereby atrengthene*! 
the main rail. The point of a switch may be made very stiff, 
and, at the same time, efifectually prevented from jumping up, by 
houaing the end under both the top and bottom flanges of the 
main rail. 

Among tlie worst faults in laying out a Hue are incorrect 
elevation of the outer raila in curves, irregularities in the tilt and 
gauge, want of sufficient ballast and of room for expansion in 
the rails, deficient bearing surface iu the sleepers, imperfect 
drainage, and bad irou. These are some of the worst features in 
the fixed portions of the work, the destruction of which is accele- 
rated by bent carriage-ax lea, oval worn wheels, and inequality 
in the springs of the engine and of the carriages, which prodncet 
a jumping motion. Straight lines form the source of another 
kind of evil. When passing rapidly over them there is a zigxi^ 
motion given to the engine and carriages, by which not only the 
rolling stock, but also the line, ia soon thrown out of repair. 
There is no doubt that the wider the gauge, the greater may b# 
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the motive power; bnt it does not neeeAflnrily follow tlmt the 
iiafBt7 is iDcreasefl by a wide gauge. This is fully bom out by 
the practice on the Festiniog 2-fm>t gniige railway, wliich has 
proved to be as safe as a 7-fuot gau;^e. Almost every gauge has 
W^o employed— 2 ft.» 3 ft, 3 ft. 4 in,, Z ft. fj ui., 3 ft.'7| in., 4 ft., 
4 ft bkm.f 4 ft. 1 14 iu., 5 ft., 5 ft. ;i in^ G ft. 6 iri.^ 6 ft., 6 ft. 2 iii., 
and 7 it Often, where the traffic ia not sufticieiit for a broad 
gmnge, it becomea remunerative od a very Darrow ojiej the gauge 
nxHV repre»ent the req ui rem t> tits of a district, and should as far 
a>i pfissible lie determined accordiog to those requirements. It 
OMiy be taken as an axiooi uever to be lost sight of, that fret^dom 
from Qotse implies perfection iu triLVelUng, as it does in arresting 
d««iruelioQ; far wJienever there is uoi:se there rau»t be frictiou 
aod heat, which are the prime cauaea of all deatructiou of 
iBAteriala. 

In conchsion* I may observe that travellers are by no means 
aware of the almost daily impfovements that are gr^durtlly gom^r 
ua throaghoiit the entire roiling stock and permanent way of 
railways. They would ruore fully appreciate these improvements 
if they conid run out of a first-class line, at a high 8pee<l, on to 
one of the old original liue^ such as the Liverpool and Mrttiches- 
t«r, with its rattle and johing. Now, indeed, it la far more safe 
for one to be continually travelling, than to puss an active life 
Quder <dmost any other conditions. This statement is borne out 
from the official retunia of the persons whose deaths were due to 
causes beyond their own control on the railways in the United 
Kingdom- Their number has decreased from 38 in 1844 to 23 
in IS6S), and to only lb iu 1864, while the numbers that triivelled 
tiuriug the last-named year amounted to the enormous ti^^^ure of 
3^9,350,000, or nealy eight times the whole population uf the 
kiagdoni. Thus the chance of death is 1 iu 15,291>,C)f)0, which 
may be taken practically as no chance at all. Let this be com- 
pared with the tiahility to fatal accident from horse conveyances 
in London alone, with its population of nearly 3,000,000. By the 
returns from the Registrar- General's office during the year 18H5, 
there were 215 persona killed by horse conveyance, or 1 in every 
14,000 of the population. The railway return already quoted 
gives a result of 1 in every 2,000,0iK> of population, or 1 in every 
15,290,000 of travellers; so that, taking this eHiimate by popula- 
tion, the railways are 150 times more safe than the streets of 
London; while, if it be taken by the numbers travelling, they are 
■early 1100 times more secure against fatal accidents* 



ON THE SECURITY OF IRON SHIPS. 
By WiLUAM FAinQAiRK, C.E., LL.D., F.RS. 

iTinnst appear obvious to every person connected with iron ship- 
baiiding that much has yet to be done before it can be affirmed 
that the iron ship is perfectly safe and perfectly seaworthy. 
It will be observed that we have the material — of all others the 
l^eat — to attain desiderata of such immense importance, bnt it 
rer^uir^ careful conaideration, and sound judgment in its appli- 
cation, to fulfil all the conditrons of which it is capable in con* 
atrtiction. In the form and build of merchant vesRels intended 
for long voyages, and adapted for paasengera and cargo, it is desi- 
rable to have them properly considered in reference to speed, 
capacity, &c.; hut this class of vessels— if we were to judge from 
the Btreoflfths, forma, and other conditions of the Royal Charter 
and the London — do not appear to inlif^rit all the qualificiitions 
neceasary to render them safe and comfortable at sea. For the 
attainment of speed great improvements have unquestionably 
been effected, in giving to the hows Que lines of entrance and an 
equally fine run to the stern; but the question arises whether 
this sharp, cut- water shape is not destructive of other good 
qnalities necessary to be observed in sea-going vessels. The 
iatrpdnotion of iron aa a material of conatruclion has given to 
the oaTil architect and builder facilities never before attained 
for the introdactioQ of the forms best calculated to meet the 
reqatrementa of high speed. Vessels of that class are, however, 
better adapted for the navigation of rivera and lakes than the 
open sea. 

In this communication it may not be without interest if I en- 
deavour to show the advantages and disadvantages of the leading 
features of these high-speed constructions, and to exhibit the 
diCferenoefS which should exist between a vessel intended for the 
navigation of smooth water, and another that has to contend 
with the rolling seas of the Atkntic 



Fo«- the first class of vessels it is neeesaary to have great 
lengths, nai'iow beams* and diminished depths; for the second, 
it is importint that these dimensions should be altered 111 order 
to meet all the contingencies of strain in a rough sea. For 
example^ if we tjike a vessel 320 feet long, 40 feet beam, and 26 
feet deep, we itrrWe at the following profiortiona, of eight times 
the beam and twelve times the depth, for the length. Now, a 
vessel of this construction, with tine lines, is adcnirably adapted 
fur speed, whether propelh.'d by wind or ste^im, but her security 
may be doubtful, if heavily la<leo, when subjected to pitching 
and rolling in a iempestuons sea. A vessel of this description 
would he wet and most uncomfortable, and her want uf buoyancy 
at I h^ stem and stern would cause her to bury her bows to a 
conddenvble tlepth when pitching, and sweep her decks with tons 
of water aa she rises to the surface. But this is not all, as at 
every plunge the ship labours heavily, and suffers severe i^trnios 
by the wei^dit of water &he has to lift in ascending from the 
middle to tlio crest of the wave. In every case of high speed in 
smooth water these proport ons and fine lines are highly advan- 
bi^^eous ; but in th^ae intended for long sea voyages it is 
questionable whether or noi some light i>acnticea should be made 
as regards speed, and aome moditicationa effected in the build, 
in order to meet all the requiretuentfi of a sale and convenient 
vessel. 

In this coramunicatioD it wiU not be necessary for me to enter 
upon the calculation of reaiatauce to strains in wnch vessels. My 
object is to show that they are in actual existence; and some, 
from their slight build and great length, have comparaiively but 
a small man;in of strength* and are therefore not trustworthy in 
canes of a heavy car^o and foul weather at sea. To render 
vessels perfectly seaworthy, I would venture to recommend that 
their lengths should never exceed seven limea the ht^adth of 
bdjim and ten times the depth. In these projmrtions I am 
asfluming that the ship is stron*, and substantially built, and 
that in phi ce of the lines of least resistance being observed at the 
bows and stern, additional buoyancy should be giveu» in order 
to enable the ship to rise freely on the sea; and by increased 
displacement the diacomfort *.f the sea sweeping the decks 
would, to a great extent, be ii voided. I have been led to these 
considerations, not bo much from the lamentable accident which 
overtook the ship LoudoD, m from the conviction that the safety 
of a vessel does not so muo'i depend upon its speed as it does ou 
its sea-going properties; and these, aecompanied with sound 
construction, would tend t^ reduce tfie number of accidents, 
which of late years has produced such lamentable results. 

From these observations it is not my intention to depreciate 
the value of speed in any class of vessiels, whether employed in 
the war or mercantile marine. On the contrary, I think it is a 
desideratum in both that a saving of time and quick mam^uvring 
should be obtained, but there appears to be some risk ot carrying 
the question of speed t'-i far, and that to the exclusion of other 
valuable properties entitled to consideration in connection with 
commerce and the extended security of vessels subjected to all 
the trials and contingencies of long voyages and stormy 
seas. 

It is now some years since I endeavoui^d to impress upon the 
minds of naval architects and builders the necessity of increased 
strength in the hulls and upper decks of iron ships, in order to 
balance the two forces of tensi^m and compression. 1 also pointed 
out the advantages to be derived from the longitudinal keelsons, 
cellular principle of construction, water-tight bulkheads, and 
double bottoms; and when we consider that the strength of a 
vessel is the maximum resistance of its weakest part, it follows 
that any a crease of material where it is not required is the very 
reverse of useful, and never fails to prove injurious. In every 
structure subjected to strain it is desirable that unifonnity of 
strength and the laws of proportion should be strictly observed; 
and I am of opinion that a close adherence to sound principles of 
construction in iron shipbuilding would not only miti^^ate the 
evils of which we complain, but won Id ultimaiely lead to in- 
creased efficiency, and an important saving of the lives and pro- 
perty of the country. 

I have ventured on these remarks for the purpose of directing 
attention to what I consider some of the defects of iron-built 
ships; and taking into consideration all the circumstances con- 
nected with the disasters which overtook the Royal Charter and 
the London, I venture to predict that, with proper attention to 
deinite law4 and sound material in construction, in the Srst 
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instancci «nd with careful diatribuUoD and proper loading of Uio 
CHrgo — iuclndiiig trim rigging and clear decka^ — in ihe seoood, 
we should not have to iavesiigate the caunee of so manj 
diaaatroQB abipwrecka aa Lave occiirred during the last ten 
yeara. 



ON RADIATION AND ABSORPTION^ WITH EEFE- 
KENCE TO THE COLOUR OF BODIES AND THEIE 
STATE OF AGGREGATION.* 

Bv JtaiiK Tyndall, LL.D. F,K.S. 

Thk speaker referred to the rolatiou subsisting between the 
•enaibk phenoraena of nature, and those processes lying beyond 
the range of the senses on which the phenomena ininiediateLy 
depend. He apoke of the function of the imagination in picturing 
oprations which, thoygh great in their aggregate reaulta beyond 
all conception, are too minute individually to be capable of 
observation. He referred to the luminiferous ether that filla 
apace as the moat striking illustration hitherto known of the 
production of a line of thought from the domain of the senses 
into that of the imagination^ and adinned the exiatenoe of this 
wonderful medium to be ba^ed upon proofs at least aa strong as 
those which auatain the theory of gravitation. 

Dwelling briefly on the relation of this ether to the atoms and 
molecules which are plunged in it, he illustrated^ by reference to 
the phenomena of sound, the ditference between goo<i and had 
radiators. A naked tuning-fork vibrating in free air imparled 
ao amall an amount of motion to the air that it ceased to be heard 
«a lound at an inconsiderable distance; the same tuning-f<trk 
brought into union with its resonant case produced a sound 
which could be heard by thouHauds at onoe. The naked fork 
waa a bad radiator, the combined fork and case woa a powerful 
radiator. Thia combination of the fork and its caae, as regards 
sound, roughly represented the influence of chemical couibinniiun 
aa regaixls radiFint heat. By the not of combiuatiou the power 
of the combining atoms rta radiators might be augnierjted ten 
thousand-fold. As an example of this the vapour of water was 
selected; and it was affirmed that a pound of thia vapour taken 
from the top of a high mountain, there Iieated and exposed 
before the cloudless heaven, would radiate nine or ten thousand 
times — possibly twenty thousand times — aa niuch heat into 
atelbkr apace as could be nidiated by either of the conatitueuta 
of the vapour when uncumbined. 

The speaker also referred to the well-known analogy between 
the pitch of a sound and the colour of light ; and, throwing a largo 
Bpectrum upon a white screen, tiieutiojied the relation between" 
the various colours to tlie rapidity of ethereal vibration. The 
sjtace from the red to the blue embraced an infinite number of 
ratea of vibratiou, gradually and ctmiiouoosly shortcntug without 
any interruption. It might be typified by an infinite number of 
tuning-forks of gradually augmenting pitch, an<l all aoundinc at 
the game time. Thia apectrum was derived from the carbon 
pointa of the electric light; but it was si i own tliat in the case of 
vanoue other incandescent substancea the spectrum was not of 
this oontinuous character- The magnificent stream of creen 
light produced by the volatilisation of silver in Ihe electric larap 
was ahown upon a screen, and afterwards the light was analyaeii, 
and found to produce two bands of brilli.iut green, ditfering but 
a lightly from each other in refrangibility. Here the case ia 
typified, not by an infinite number nf tuning-forks, but by two 
tuning-forks of slightly^ different pitch. And just tiM the rate of 
vibration in the case of the tuning-fork is a fixed n*te, so the 
rate of vibration of the atoma of silver vapour were fixed. Aiid 
as the colour of the vapour depended on its rate of atomic vibia 
tion, the constancy of thia rate secured the constancy of colour 
in the Tapoun We cannot make the vapour of ailver white hot^^ 
however we may exalt its temperature. We may augment the 
brilliancy of the particular ray a that it emits, but we cannot 
cause it to emit that variety of rays the blending of which 
together produces the impression of white. 

Like the vapour of silver, the vapour of water has also its 
definite periods of vibration; and they are not such as to enable 
the vapour, however high its temperature may be raised, to emit 
a white light. It can hardly l>e said to emit any light at nil. 
The flame of hydrogen, for example, ia compoaed of intensely 
heated aqueous vapour, but it ia hardly visible; and it ia easy to 
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ffive the vapour of water a temperature aufiScient to raite a solid I 
body placeci in the vapour to a bright red heat, while the vaponr 
itaclf remaina abeolnteJy dark. Now the powera of radiation 
and absorption go hand in hand, and the nody which c?innot 
emit luminous rays is incompetent to absorb them. Thus the 
a un's luminous raya pass freely through the aqueous vapour of 
our atmosphere; while it is the impediment offered by this aame 
vapour to the radiation from the earth which checka the sudden 
drain of terrestrial heat, and thus renders our planet inhabitable, 
Thia power of electric absorption was illustrated by the action 
of two tuning-forks which sounded the aame note. Both forka 
being mount^ on their resonant stands, one of them was first 
sounded. The silent fork was then brought near the aotinding 
onp, and held near it for five seconds. The vibrations of the excited 
fork were then quenched* but the sound did not ceaae to bo 
hainl In fact the silent fork bad taken up the vibrations of it« 
neighbour, and continued to sound after the latter had ceased to 
vibrate. Again, one fork being permitted to remain on its 
stand, the other wua dismounted, and thrown into strong vibra- 
tion. Detached from its stand, its sound was to** feeble to be 
heard by the audience; but on bringing it near the mounted fark 
a mellow sound rose which filled the room. Thus the vibrationa 
of the one fork were transmitted through the air and imparted 
to the other. To effect this tranaferenoe it wag neoeaaary that 
l!ie forka should be in perfect unison; the fixing upon either of 
them of a bit of wax not larger than a pea was sofficieot to 
destroy the power of the forks to influence each other. 

Thus one sounding body absorbs the vibration of another 
sounding body with which it is in unison; and here we have in 
acoustics the representative of that great principle which izi^B 
optics lies at the base of spectmm analyais, namely, that bodie»^| 
ataorb those raya which they can themselves emit. Thus green i 
vafiouT of silver, if interposed in the path of a beam of whits 
light, will absorb the green which it C4*n itself emit Thus also 
the incandescent vapour of 8<xlium, itself intensely yellow, cats 
clearly out the yellow band of the spectrum. And the same is 
true of aqueous vapour. Its periods of vibration synchronise 
with those of the ravs, or more accurately waves, emitted by tl>e 
warmed earth, and hence its power to iutereej t those wave* by 
taking up their motion. But it ia in dissonance with the lumi* 
nous waves emitted by the sun, and benoe those waves p,if« 
through large quantities of it with scarcely sensible absorption* 
This incompetence of aqueous vapours to absorb luminous 
raya is shared by all really transparent bodies; in fact, they are 
transparent in rirtuo of their incapacity to absorb luminous rays. 
Now transparent bodies in a slate of [X)wder are alw.^ys white, 
and in white bodies luminous rays have no power. The light of 
the Bun, for example, cannot warm white sugar, nor cannot it 
warm table-aalt, nor flour, nor a white dress; It <^nnot evea 
melt snow. The most powerful luminona beam may \m conoea* 
trated upon a aurface covered with hoar-frost without melting m 
single spicola of the frost crystals. How, then, it may be asked* 
doea sunshine clear away the snow from the m )uotain heads t 
Two or three days* sunshine on the monn tains suflicea to oblite- 
rate the traces of a heavy anow-falJ; how can th^s occur if sun* 
shine has no power to melt the snow crvstali^l It U not Ihs 
luminous raya of the aun which perform this wtjifk, but a body 
of rays which, though possessing high calorific poVer, hj^ve no 
light in them* By a procesa of transmutation thesl^ dark rays 
may be converted into luminoua ones, bnt as they coi^ from tJis 
sun, and fall upon the mountain anroroils, they .i^ otterfj 
incompetent to excite vision. Every stref^m which cl».'l»i*^ th« 
glaciers or tumbles down the valleys of the Alps ia O^ direct 
product of thia invisible radiation. To it also the glaiV*™ ^^'^^ 
their birth as well as their diuaolution. For while the J,^ii<"3« 
rays of the aun falling on the tropical ocean penetrate th iwatar 
to great depths without conHiderable absorption, the daff rays 
are in great part absorbed close to the aurface of the ocean ^"^^^ 
therefore heat the water at the surface, and are thus alnjdl .^ 
sole excitanta of evaporation. Not only, then, do those iu%*' 
solar raya, by the fusion of the ice, give birth to the riv.^ 
Switzerland, but it is they that lift the material of these if 
from the aea, and #:tore it on the frozen summits of the mount :^ 

Gathering up the rays emitted by a powerful electric i*^* 
and conceniralinff them upon a small locua, water, alcohtj^ 
ether placed at the focus speedily boils, some of them ii*^*** 
almost insUntly. But they are not boiled by the luminously 

though these produce an impression too dazzling to be f'^ 
" - nisni 



Ufoii tha eye. Interposing in the path of the concentralocy 




UMjt,t9Wi 



ITEC 



m 



A glaaa cell couUining pure di«ti!le<l water, the light of the beam 
is not «en»ibly diuaiuUhed, but it \s no longer competent to boil 
or «YeQ heat water at the focus. Placing a piece of ioe at the 
lamiDnas {qcqh it is not melted, thougb, if blackened wood be 
placed there, it ia «et on fire. The moment, however, the cell of 
'water is withdraw o the ice melts — melta because the dark raya 
previooely absorbed by the water of the cell are now absorbed 
ov it There are liquids of very low boiling |K)inta — bisulphide 
of carbon, for iastance^which, when placed at the focna where 
the whole radiation, dark and bright, of the electric lamp is 
C>n verged, cannot be caused to boil^ can bardty be warmed. 
'HTater, for inatance, requires a temperature of 212 deg. Fahr. to 
bisulphide of carboa requires only 118 deg, 4 mio.; etill 
Drmer is boiled in a time iDsufOcieut to warm the latter. 
i ari^ies from the fact, that while water powerfully absorbs 
^e dark calorific rays aud allows the kimluona ones free trans- 
aiasioD, the bisulphide of carbon ia traosparent to both classes 
^ rays, and hence is warmed by neither of them. Thus also, 
"^when it was atated that sugar could not be warmed by the light 
oftheaun, the invisible solar rays were meant to be excluded, 
for when the total radiation of the sun ia converged upon white 
BUgnritis immediately burnt up, the agent of ita combustion 
liowever being the dark radiation. 

It is poasible to filter the composite radiation from the aun or 
fri>m the electric light, so as to detach almost completely the 
visible from the invisible rays. It has been already stated that 
bisulphide of carbon ia transparent to both classes of raya; now 
iodine, a substance which dissolves freely iu the btsulpbide, is 
eminently transparent to the invisible rays alone. Hence, a 
combination of these two substances furnishes us with a ray-dlier, 
which, while it pitilessly cuts off the bright rays, allows the dark 
ones free transmission. At the dark focus we can boil water or 
aloohoi, but we cannot warm bisulphide or bichloride of carbon. 
Bromine al«io, notwithstanding its volatility, hears exposure to 
the focos without beiog heated. Sulphur also bears the tern- 
peratnre of the focus for a considf^rable time without iguition. 
Common phosphorus, a combuatible so quick that the warmth of 
the fingers when in contact with it suffices to provoke combustion, 
bears for twenty or thirty sec^ndb without iguition tlie action of 
radi&nt heat at a focus where, iu the fraction of a second, pla- 
tinieed platinum in raised to a white heat. The phosphorus is in a 
great degree transparent to radiant heat. The red iodide of 
mercury strewn on paper and exposed at the focus has its colour 
discharged where the invisible images of the carbon points fall 
upon it, hut, owing to the transpareocy of the iodide to radiant 
heat, it requires some exposure to produce the thermograph. 
This red substAUce is far less absorbent of radiant heat than 
white paper, and hence it is sometimes easier to obtain a ther- 
mograph of the carbon points by exposing to the radiation from 
the lamp the back of the paper on which the iodide is strewn, 
than by exposing the face covered with the iodide. It is often, 
indeed, more easy to bnrn a thermograph through tlie paper than 
to discharge the colour of the iodide. Hence, white paper may 
be protectee! from radiant heat by being covered with a substance 
like the iodide of mercury. 

We are here naturally reminded of the experiments of Frank- 
lin, which consisted ia placing cloths of various colours upon 
now, and observing the depth to which they sank in the auow 
rheo exposed to direct sunshine. Franklin concluded that the 
'ffhtcr the colour of the body the less is it^ power of absorption. 
"he generaliaattons founded on this experiment are for the moat 
'^ part fallacious, Eesulu long ago obtained, establishing the vast 
lafloenoe of the chemical constitution on radiant heat, led the 
speaker to contrast iodine, an element, with alum, a body of 
highly complex character. Both substances were in powder, the 
J^ne being dark, the other white. Exposed to the radiation from 
riotts Hources, the white powder proved itself in all cases the 
Host powerful absorber. The dark powder of amorphous phos- 
horns was also compare^l with the hydrated oxide of zinc, but 
be white powder was the beat absorber. Bodies of the same 
i^lour compared together showed similar differences. The red 
^ide of lead for example was contrasted with the red iodide of 
Bercury, and the oxide proved the most powerful absorber. So 
Zlso the white chloride of silver was compared with the white 
^earboiiate of lead, the lead salt proved by far the most powerful 
absorber. In this way it was proved that^ as regards the absorp- 
tion of radiant heat, white in some cases exceeds black, black in 
tome cases exceeds white, and the other colours are equally 



capricious; all evidently depending on the chemical conatitutian 
of the substance. 

In the case of FrankliiVs white cloth exposed on snow to sun- 
shine, there is no reason why it should sink at all; there is, on 
the contrary, reason to conclude that it must rise relatively to 
the snow surrounding it. For, as regards the luminous rays of 
the sun, they are alike powerless to warm the cloth or to melt 
the Buow. Whatever effect is produced is therefore due to the 
dark solar rays. Now, snow absorbs these rays with greater 
greediness than any other subetanoe; hence the white cloth, 
which absorbs less than the snow, really defends the snow under- 
neath it from the action of the bud, and owing to this protection 
the doth, if exposed for a sufficient time, will rise in relation to 
the surface rouod, just like a glacier table. 

But though the cloth is not 80 good an absorber as the snow, 
it is nevertheless a very powerfd absorber; it comes near the 
snow in this respect. And when, as m the case of the black 
cloth, we have added to the absorption of a large portion of the 
dark rays by the cloth, the absorption of the whole of the lumi- 
nous rays by the dye, the sum of the absorption of both classes 
of rays exceeds the absorption by the snow of the dark rays 
alone. The black cloth will therefore sink in the snow. This is 
the explanation of Frankliu's experiment. 

The lecturer eoucluded by referring to various experiments im 
the trausmisaton of radiant heat through rock salt; to the in- 
fluence of science as a me.inB of intellectual culture; and to the 
necessary defects of any system of edacation iu which the study 
of nature is neglected or ignored. 



POETLAND CEMENT. 
By M, Leblanc. 

Haviko been charged, since the commencement of the year 
1S60, with the construction of the floating basin of the port of 
Boulogne, we have employed in the masonry works of that basin 
many thousand tons of Portland cement. We have thus been 
able to make some observations, which have been checked by 
experience upon a large and a small scale, upon the qualities 
which ought to be sought for in this cement, and the best con* 
ditions for its employment. Our first researches had reference 
to the influence of the density of the cement upon its quality. 

We took a certain volume, V, of light cement — a cement 
weighing about 1200 kilogrammes to the metre cube, the weight 
of it being ascertained by means of a box containing 100 litres, 
which was filled so as to avoid the pressing of the cement in the 
most perfect manner possible. We mixed this with two volumes 
2V, of gravel, and then, after carefully stirring them we made 
them into bricks of sixteen centimetres sectional area. We then 
weighed the same weight of the first choice heavy cement — a 
cement which weighed 1500 kilogram mea to the metre cube — 
whose volume, u, was rather less than the volume V, and we 
mixed this with 2V of gravel likewise. We made this mixtura 
into bricks, iu the same manner as the first. 

The resistance to an effort tearing the specimens asunder 
were — 

S dmTs. 15 dAjH. 1 mill. 1 mihM. 
KilM. Kiloi. Klot. KikM. 

n, ^ ti' i.^ I \ ^^ — 9<* '• ^^ "^ 1^^ 

Mortar of light cement •• ( 05 70 90 igo 

• ' 45 Z 



V cement 2V gravel 

Average .,. 
Or in Engliflh lb. 



Mortar of heavy cement,, 
I? cement + 2V grwvel .. 

Average ... 
Ur m J^ugliib Ih 



70 



90 



lao 



6t ,.. 76 „. W ... 180 

112i ... 167i ... 198 ... 28« 

'in^ Kllfis. Kilof. Kllfls. 

65 ... 130 ... 180 ... 190 

85 ... ISO ... 150 ... 1»0 

85 ... 130 ... 170 ... 210 

78 ... 130 ... 160 ... 196 

l7Si ... 286 *.. 330 ... 432i 



Thus proving the incoutestablo superiority of the heavier 
cements. 

We asked M. Herve Mangon to analyse these cements, at the 
School of the Pouts et ChaiiBsees, and he found they were of the 
following composition: — 
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Silica ., ... 20-30 


2445 


AlominA and pemjddc of iron S'75 


870 


Lime , 62'S5 


65-60 


Sulpbunc add ,. ... 0*85 


0-45 


Water and loM ... ... 2'26 


0-8O 



10000 
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*^ These analyses prove dbtiBctlyt" he further wrote, "that the 
second Bample alone approached the trtie type of Portland cement^ 
while the composition of the first sample was moch nearer the 
composition of the cemetits which have a rapid setLiDg, such aa 
the Boman cements of Foinlly, Vaasy, &c*" M. Herve Maogon 
tiifzi dbvolvod and shook up, in a cold state, two grammes of 
each Bfitnple in a half litre of water, oontaiBiag 10 grammes of 
the Ditrate of ammonia. After a contact of twenty hours he fil> 
tered the liquid, aud found in the residue of the clear liqoid: — 
Lime dissolved, 0625 in sample No. 1; 0'505 in ditto No. 2. Thus 
the product of this comparatively feehle dissolveDt was less in 
the same proportion as the quality of the cement was better. M« 
Herve Mangon terminated his letter in these words*, — ** I cannot 
take upon myself to affirm that the manufacturers may not suc- 
ceed in making a cement that should possess the bulk of tho 
properties of Portland cement, and yet should be of a light speci- 
fic gravity. Many trials are being made with that object. Som« 
of these have yielded curious results; but this is cerlaio, iu mj 
opinion at least, that in the existing state of the manufacture of 
cements it is impossible to ntiite, in the same product, the light- 
ness of the material with the precious qualities of the true Port- 
laud cement. I think, then, that it would be advisable to forbid 
the use of light Portland cement In all goveru men t works until 
new experiments, continued over long periods of time, should 
allow of this rule being set aside, which, I may add, is dictated 
by the most simple rules of common sense/' 

The actual inferiority of the light Portland cements, compai'ed 
with the heavier varieties, being peremptorily proved by the facts 
above recorded, the admiuiatration would have the greatest 
possible interest in subdtitnting, in the specifications that it 
issues, the dosing by weight to the dosing according to volume. 
It would tlins relieve the contractors from any Question of the 
density of the compound, and these men exercise the moat regret- 
able pressure upon the manufacturers iu order to obt-ain the 
lightest cement;) possible. It would at the same time r^^nder 
frauds more diflicult, if not impossible, without the couuivauce of 
the agents charged with the superintendence* Now-a-days, as 
M. Herve Mangon justly remarks, these weighbridges are instru- 
ments as simple as they are economical; the dosing of the mix* 
ture of cement and sand by weight has become as practical a 
method as the dosing by volume. 

Here it is uecesBary to detine what is meant by heavy oement. 
We shall hereafter call oement " heavy " when its weight, ascer- 
tained by the means of a box of the capacity of 100 litres (that is 
a piirnllelopipidon of right angles nf 0'50m.long, by 050m. broad, 
by 0'4Ckn* deep), filled in a manner to avoid the pressure as much 
mt posaible, should never he less than 1350 kilogrammes in weigbL 
per metre cube, without the box. According to the mistaken 
notions of the marine engineers (for a proof of which we may 
refer to the last specificatious issued at Cnerbourg), we should say 
perhaps more exactly, a heavy cement is one whose specific gra- 
vity is superior to 1200 kilogrammes when, for the purpose of 
ascertaining this gravity, the cement is poured in, without pres- 
sure, a measure of a litre, of a capacity of 110 on the side. For 
the purpose of insuring greater exactness the litre ought to be 
filled twenty-five times in succession, with the same precautions^ 
and the specific gravity will be ascertained from the resulta of 
the twenty-five weights thus formed. 

It is to be observed that the heavy cements generally set with 
leas rapidity than the light cements. Thus, when such cements 
are employed, it is not advisable co attach much importance to 
the proof after the first forty-eight hours, which is uevertheleas 
very convenient in general works, as it permits the stock to be 
renewed more readily. The proof after the lapse of five days 
can alone with these heavy cements be considered conclusive. 

Mods qf uiing Portland Cement Concrete unthr H^'ater, — The 
ooncretes of Portland cement that are immersed in water suffer 
an energetic washing, which is to be accounted for by the fact 
that every piece of stone that comes in contact with the water is 
immedbtely deprived of the mortar whteh surrounds it; it does 



not, in fact, retain a trace of this moi-tar, Portland oement 
mortar is not rich and soapy, in the style of the lime mortars, 
properly so called. It does not stick to the trowel, but it is like 
pounded ghiss that is moistened, so bad an aspect does it present 
when it is rather stifl: Treated with sea water, this mortar 
separates Into three parts or strata. The upper stratum A, is 
only a simple lime water; it does not set, and remains soapy 
unless it is dried. The middle part B, acts as would a mortar 
that is of the kind known as "thin;" whilst the residue C» 
appears alone to preserve ^me qualities of the mortar; but com- 
posed as it is of the heaviest grains, which are also the ttest burnt 
portions of the cement, it does not set with anything like rapidity. 
It is, moreover, diminished in strength by the mixtnre of a ffreat 
part of the gravel, which enters into the composition of the 
mortar, which iklls with it into the intervals which are left 
between the stones- Indeed, the density of the Portland cement 
is much nearer that of gravel than that of lime is. It would 
appear then that the tendency of ihe elements of the mortar to 
separate would be less in the case of Portland cement mortars 
than it would be in those made of ordinary lime. But there is 
not the same adhesion in the grain of Portland cement to the 
materials with which it is mixed. Moreover, ihe cements that 
are met with in commerce do not weigh more than 1200 kilo- 
grammes, when not pressed, and measured in a box containing 
100 litres. The best gravel f^-om the shore of Bodognt-, 
measured in the same way, weighs as follows: — -1 deg., when 
very dry, nearly 1700 kilogrammes; 2 deg., when moist, nearly 
1500 kilogrammes. Adopting this lost figure, the density of the 
gravel would only be 25 per cent, greater than that of light 
Portland cement. But in salt water this difference between the 
densities of the cement and the gravel becomes notably exagge- 
rated; for the effective weights in salt water become 200 and 5u0 
kilogrammes, that is to say, that after the immersion the weight 
of the gravel would be found to be more than doable that of the 
cement. It is this fact that msy account for the ready .^^sparation 
of the elements that enter into the composition of the mortars 
that lakes place in water. 

M, Herve Mangon has kindly repeated this experiment of 
washing, with pure cement. The cement that be operated upoa 
present^ the following composition: — 

Silica . ... ... 25-60 ... 26'fll 

Alumina and peroxide of iron ... ... 8*95 ... 9'30 

Lime 61-36 „. 63*77 

Magneaia... ... 0*30 ... 0*32 

Water, carbonie aoid, and natters not dosed 3'80 *.. — 



100^00 



JOOOO 



It weighed 1440 grammes when it had been sifted, and it left, in 
the course of that operation, the following results: — 

Grains ot l}^ millinietre diameter ... ... ... 70 

Grains varying from 1| to 1 millimetre diameter ... 0^70 

CraiDA varying from 1 to 4 mlUimstre diameter ... 0*40 

Graiim stopped by a sieve 36 mieahes to the oentimetie SS*2U 
Powder passing through a sieve 36 meshes to the 

centimetre 70'6S 



100*00 



The cement in its natural state, and mixed with the ordinary 
precautions, sets immediately under water. The parts that were 
extremely fine also set with equal success. The grains that were 
kept bacK by the sieve did not work up well, and they retained 
the appearance of sand; but with time, and even under water, 
this product set, and acquired a considerable degree of hardness. 
Thus the oement fulfilled all the conditions that were required, 
either as regards the chemical composition, the burning, the den* 
sity, or the degree of pulverisation. M. Herve Mangon then 
dissolved in ten litres of water 800 grammes of this oemeni; he 
shook it, and then he poured off the water Uiat had been allowed 
to clear itself. Lastly, he poured the cement thus washed Into a 
smaller vase, where it divided itself into three layers, which 
presented the following diiferences, ascording to the chemiod 
analysis: — 

A. B. C 

Silica 7*16 ... 10'20 ... 2230 

Alumina and peroxide of iron 6*30 .•• 3*00 ... 4'30 

Lime ltt*80 .,. 26 60 .. 43'i)Q 
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Or snpposiDg these mortars to be deprived of the water and the 
e'lrboDic acid that they cotitaiued, their compositioD would 



SOIc« ... 

AlumiDa and perojdde of iron 

Xiime 

Magfifttia 



lOU'OO lOO'O 100*0 

The layer A was, in fact, a pure lime water j tire lime was in 
part replaced with maf^nesia, which being mure voluiuiuoua than 
it was, opposed everything like a csohealoa of the product. The 
layer 6 haviug b^a thinoed by the miiLture of a sttiall portion 
of the cream of lime, was principally dbtiDguiahed from the layer 
C by the differeocea in the physical states of the layers The 
layer C alone set in a satidfaciory ntaoDer. In this case^ agaln^ 
the chemical analysis explajned Mifficieolly the facta that had 
hcen experimentally observed. It innst however be said that^ 
in the opinion of M, Herve Mangon, there does not exist in the 
mctiud state of the fabrication of oementa a product of that nature 
which would resist such au energetic washing, particularly io sea 
water. 

This being settled, let ns examine the conditions of the laying 
cf the beton on the level of the water and under the water, 

CtiJte tAe First. — The ordinary practice— *t hat consists in laying 
Ihe fresh concrete a little behind the mass already in place, and 
then compressing it by ramnierSi so as to cause the wet ctnicreto 
Io swell and advance forward, while it at way a presents the same 
aarfiskoe to the part in advance — is not possible with the Portland 
eemeot; the mortar is not su^ciently ettlf» it is not soapy enough 
for that The long alidings, which are occasioned by the widen- 
ing of the mass that is spread out, and which ia :Qattened in 
laying, causes the beton matle with lime to advance slowly, and 
it ii accompanied with an insenaible degree of washing; these 
slidings do not take place with Portlaud cement, generally 
speaking. It is almost i in possible to keep up a gentle a tope with 
this description of beton. Now when the alopes are very steep, 
tbo stones detach themselves and roll down, aud thus the 
waahing is produced. lu thid mn^tter there may be observed in 
the whole height of the mass (but particularly about the level 
fit the surface, where the action of tlie waves is moat distinctly 
felt), through the stones that are washed clear of the mortar, 
eavema imperfectly filled with gravel and the coarser grains of 
th« oemeot, which ctiustitute a mortar that is very thin, that 
oov«n the rest of the cement mixed up with a cream of that 
material, more or less mingled with the cement. Above the 
water the concrete is excellent. 

Let ua now consider the case wherein the concrete is executed 
nnder water, by means of txjxes of a capacity which, as wilt be 
seen hereafter, It ia advantageous to make as large as |:>ossible. 
The heaps of concrete are disposed one by the aide of the other, 
but which have necessarily their slopes very steep, for the 
reaaona before enumerated. In each heap the heart alone can be 
Yery aonnd, so that if the position ahould eont^an any springs, it 
ii tolerably certain that they will appear upon the surface of the 
l^jer of concrete when the excavation of the interior shall be laid 
dry; the springs will, in fact« follow the lines of the washed 
atones* It is true that these ejects may be produced with lime 
tiaortare; but we believe we may affirm) without fear of being 
contradicted by facts, that tliey are much more aeriaus with the 
betou made with Portland cement. The layers of mortar made 
of Ume flatten more; we have in their case to deal with a com- 
plete layer, not with heaps that are juxta-poaed. But laid dry, 
the concrete made with Portland cement reaa^nmes all its 
advantages over the concrete made with ordinary lime. Thus 
we have often noticed that a spriug from below has forced a 
pftsaage through the concrete made with Portland cement, like a 
Dolo pierced by a ball; the water had passed through, but the 
eotterete only allowed its passage through the passage that was 
atrictly necessary. All around the hole, from the top to the 
bottom of the spring, the cement mortar retained its goodueas. 
Ttia concrete was pierced like a chimney whose diameter was 
reduced to just the dimenaions that are absolutely necessary. 



In the same manner water runs over freeh concrete without 
any serious couapquences, except in the case of great apeeds and 
great lalU. To 611, by the meaua of the basin of the tioatiug 
dock of Boulogne, that reserved portion, we had formed with 
complete succesa, on one half of the width of the passage, the 
first portion of the bed of concrete, the water being allowed to 
flow over the other part; afterwards wo passed over the fresh 
bed of the current — the stream of water that was retained by a 
rim formed in the earth — and we filled the half that had 
remained empty, aud thua on successively passing the water 
over two aicles. 

We have thought that the stability — if we may express it thus 
— of the Portland cement mortar was in a great measure due to 
its great weight, which ia more than hulf as much again as th»t 
of ordinary h me. In fine, if the concrete made with cement ia 
with difficulty applied in water, it in posalble to apply it dry in 
laud char;ied with springs without inconvenience. If, however, 
it Were absolutely necessary to apply it in water, we would 
recommend the uae of machinei'y, in the style of " tremies," iu 
preference to any others; for the two facta we have mentioneel 
prove that a layer of Portland cement concrete may be spreiid 
under the water wiili the tremies with leas alteration than a 
similar layer of lime mortar. We ulao would recommend tliat 
the concrete should be made with rounded stones, ratlier thin, 
with angular stones that are the result of the breaking of ilia 
ballast, for it is extremely importriot tn facilitate the sliding of 
the materials one upon another, tu make up for the want of au 
unctuous character in the Portland cement. We may here 
observe that a round pebble from our shore aeemed to ns as 
difficult to detach from a gangoe of Portland cement mortar as i% 
stone that was broken could b*\ 

Mode of uainff Fortiami cement mortar in massen of ma*onr$f. — 
In the execution of masses of masonry we thiuk that it is a good 
practice to employ the mortar of Portland cement sufficiently 
Boft, so that it should more en^^ily aaalat iu the formation of beds 
that would form the seating of the atones, other wise there is 
danger of the formation of mKiiy vacua under the masses; for the 
atift* Portlaud morur acts a» ordinary earth when it la worked 
with the trowel. Soft, however, it assumes a distinct character; 
it becomes more unctuous, and apreads more easily in the bed.s. 

An excess of water, aa might have been ex pec ted, has produced 
a weakening of the mortnr; but if the a tiff mortar yields resis* 
tanoes that are superior to those of fluid, aud very fluid mortars, 
it does not yield results that are comparable to thuae of the 
normal mortar, even when this is mixed with a great quantity 
of water. 

Under stones used as ashlar and laid in elevation, the mortar , 
of Portland cement which does not stick to the trowel (we ma^ 
obaerve, moreover, that the ashlar atones of the floating basin at 
Boulogne, which arc obtained from the carboniferous limestone 
of the valley of Hereu^e, in the neighbourhood of ilan^uise, are 
of a marble that ia very smooth) tends in throwing off the excess 
of its moiature, and in hardening, to allow the formatian of 
hollow spaces by the effect of shrinkage under the beds, of which 
the existence ia brouglii to light in times of rain. Thus by 
reason of the poroaity of the material, the rain water, driven by 
the wind, c^-n till up the hollow spaces, which are made apparent 
when the rain ceases, by the permeation of the moisture. The 
greatest care must, therefore, be taken to ensure the stric t 
obbainmeut of the beds that should be perfectly resisting, and 
this would imply great skill on the part of the masoa charged 
with the aetting. 

The following seema to ns the beat method to be obaerved in 
these cases: — The workmen commence by spreading upon the 
beds of masonry a layer of mortar of two or three centimetres 
thick that is suflictently stiff; they place about the angles of the 
face two wedges of a wood tliat is very tender, aud these are 
driven in throughout their length; they e<^uaLly wedge up with 
a piece of atone the back side of the stone that ia intended t4> bt^ 
laid; then the front wedges are gradually withdrawn, and the 
piece of stone then is inserted in the opposite direction, the stone 
being forced down to its place with blows of a mailed The 
wooden wedges do not serve in this case to do more than prevent 
the stone from floating upon its bed of mnrtar. They hinder in 
this manner the undulation of the layer; they can be easily 
withdrawn by hand as soon as the bed of mortar has hardened a 
little. 

The shrinkage that the Portland cement is exposed to ought 
to cause its rejection for the use of pointing mortars that are too 
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rich. The best oomposiiion of thii description of mortars fleetns 
to U3 to be that which h proiiuced by a mixture of 700 parts of 
Porilntici ceraent to 1000 parts of gravel To diminisb as mach 
AS possible the porosity of the joints it ia Dsc^ssarr to stipulate 
for a most energetic method of the compression of them hy the 
toi»l that is used to draw the joints — in Freoch, by the dagne. 
The mortar is» moreover, moch solidified by this operation. 
Now we have had occasion to observe practically that bricks ' 
made with compressed mortar offer a resistance that is much, 
greater than in bricks which are made iu ordinary mortar pre- 
pared in the ordinary manner. 

Amongst the remarkable properties of Portland cement 
mortars it is important to mention that it is beyond the effects 
of frost. The Portland cement mortars do not freeze, as our 
masons say; and this allows the execution of masonry in the 
cement in the winter season in cases of need, Thus, portions of 
Portland cement mortar which we had exposed to the frost 
immetl lately after they were prepared, had cracked very deeply 
after they wei^e made, and before they had taken their detinite 
form, in consequence of the freezing of the water, and had even 
partially fallen to pieces to a great extent, but after the thaw 
had preserved in the detached morsels the greatest hardness. 

We will terminate this note by some words upon the influence 
of the degree of tenacity of the inert matters mixed with the 
cements, and «pon the ultimate resistance of the mortars. We 
for this purpose made bricks that were composed of the following 
ingredients, namely: — 

f' 1 of Portland cement and 2 {in bulk) of the gravel of la 

Creche 
1 of Portland cement and 2 of the Dowtlb Band (oU in 

hulk). 
1 of Portland cement and 4 of the gravel of la Creche. 
1 of Porttand cement and 4 of sand. 



Rich mortar < 



Thin mortELr 



Tlte simd that was obtained from the Downs was employed very 
fine; it did not leave any residue upon a sieve of eighteen meshes 
to the centimetre. The grains of gravel, ou the contrary, were 
retained in about the proportion of one-third by this dimension 
oi hole. We obtained the following resistance to tearing asunder, 
that are found in this table: — 
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Weight prodndii^ mpture "bj Uwing uusdftr «i1ter— 
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It follows that the relation of the loads carried by the rich and 
the thin mortars, or those thai were mixed with large proportions 
of sand» were as follows: — 
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This would lead to the prescription, in a general manner, of 
the use of fine sand in the prepanUion of thin mortars. 

These materials are then, carbonate of lime, nearly pure, to 
which the sea water has added a little magnesia. We find 
moreover similar matters everywhere that the water caa pene- 
trate through the mortar that is made of cement* 



EOADS AXD RAILWAYS IN INDIA. 
By Sir William Denisok, ILC.B., Colonel, Royal Engineers, 

LooKTHo to the fact that the Government of India, although it 
has expended large sums upon roads and railways, as well aa 
upon canata, when opportunities of constructing these were 
afforded, has yet many thousand miles of rond to make, and 
fresh Hues of communication to open, I cannot but think that an 
inquiry into the ci re urn stances which influence the cost of trans* 
port in India, and a comparison of the advantages presented by 
different modes of oommnnication, would be useful, not merely 
to the Government, but to the capitalists who may be ilispoeeil 
to invest money in works of this kind, and who, of course, wonld 
wish to derive from such investment the largest retnnis. 

Such an inquiry, will I think, tend to prove that the local 
features of the country, the character of its climate, the pecnlta- 
rities of the people, and the nature of their industrial system, 
influence, far more largely than many are apt to think, the dis- 
cussion of questions which would seem, to most, to be simple 
matters of engineering experience. 

Before, however, I enter upon this inquiry and oomparisoD, I 
must premise that the facta which I propose to classify and 
arrange, as the basis of any inferences 1 may draw, have refe- 
rence to the Presidency of Madras, which occupies by far the 
largest portion of the southern extremity of the Peninsula of 
India. There is, however, a marked similarity between the 
state of things in the different Presidencies; and, with some 
trifling allowances for local peculiarities, I think that what I 
have to say about railroads in Madras will bo found applicable 
to the whole of India. 

General aspect of the Country. — The Peninsula of India extends 
from Cape Comorin in latitude 8° N, to latitude 20*' or 21** W^ 
at which point its width is about 14"* of longitnde or 800 miles 
or thereabouts. 

A range of mountains from 6000 to&OOO feet high runs parallel 
to the western coast at a distance of about 50 or 60 miles from 
the sea. This range is broken through at one point, where 
there is a gap of about 40 miles in widths the height of which is 
not more than 1200 feet abo\*e the sea. The fait of the ground 
to the westward is therefore rapid, while, speaking generally, 
there is a gradual and much more gentle slope to the eastward, 
which is interrupted occasionMlly by abrupt secondary ridgea 
rising to a height of 2000 or 30DO feet. Nearer the east coast the 
land slopes gradunlly towards the sea, at the rate of about 4 froi 
per mile, in great plains, where there is but little to catch tbe 
eye, or to relieve the monotony of the landscape. It follows 
from what has been said above, that the rivers flowing to the 
west coast have short and rapid courses; thongh, ^ib they flow 
through a narrow belt of alluvial soil near the sea, they are often 
navigablfl for small craft for some miles from the mouth. Those 
that flow to the eastward have a much longer course, and, as 
they drain a much larger area of country, they bring down, 
dnring the rainy season, a very heavy body of water; as, hoir- 
ever, the supply is but temporary, as will be seen when 1 speak 
of the climate, tliese rivers do not afford any fiwilities for water 
communication in their unimproved state. 

CHmate. — The position of the Peninsula, within the northern 
tropic, exposes it to the action of the periodical rains, Theaa 
are modified in their actiun hy the relation of the peninsula 
to the srreat mass of the continent from which it projects, and 
assume the form of two distinct monsoons. The soutfa-westem, 
which is by far tlie most extensive in its action, commeaon 
about the middle of May, and, so far as the Peninsula of India 
is concerned, expends its force principally npon the west eoast, 
and the range of mountains parallel to it, where, during the 
months of June, July, August, and part of September, there is 
a steady down -pour with an occiisioeal break; the average 7alB*J 
fell may be put at 180 inches. I 

Of course a large proportion of this water returns rapidly to 
the sea on the west coast; the effect being to lessen the saltneei 
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of ih« Mftp to sQch an extent met to kill the fish and all the plants 
whicb are naturalized ic aalt wateri for several miles from the 
fXMkst, and to caa^e thereby a moat disagreeable putrescent 
efllciTiam alone; the coast, and for three or four miles out to sea. 

A portion of the rain of the south-west monsoon is discharged 
upon the eastern slopes of the mountain range, and drains into 
tbe water-courses which form the heade of the larg© rivers, such 
Aalhe Godaverv, Kistnahf and Cauvery, which discharge them* 
sdvea into the Bay of Bengal ; causing heavy floods into tbe 
lover portions of these rivers. In October the wind veers to the 
northward of east, and ia called the north-east monsoon* It 
brings with it the rain which it has snclied up in the Bay of 
Bengal, and discharges it upon the eastern slopes of the Peninsula, 
The amouot however of this discharge, which continues at ir- 
regalar inierraU through November and December, is not 
nemrly so great as that of the south-west monsoon. The average 
of twenty years gives thirty-onf inches as the amount of rain 
ml Madras dnritig the north-east monsouo, and farther inland 
the average is much less, not exceeding thirteen inches. 

Ilain may be said to faU from May to December in some part 
or other of the Peninsula; but the 4^ or 5 mouths from January 
towards the end of May may be termed emphatically tbe dry 
season. No vegetation takes place, except in situations where 
water can be found to irrigate the soil^ the sky is cloudless, there 
is nothing to impede the action of the sun upon the grouud, 
which ia baked to tbe hardness of a brick where the aluminous 
element prevsiils, and is reduced to a dust where its consisiency 
is less compact, 

Cuitimtion. — From the foregoing description of the climate, it 
may be inferred that tbe productiveness of the country depends 
altogether upcjn the periodical mius. Should nature pause in 
her action f^r a single seasoUf the result of this short cessation 
would be such a wide-spread famine as would destroy millions 
lipon millions of people, and reduce the country to a desert. 

Oa the west coast the rain fit! la with such regularity, and the 
alniosphere gene rally is so moist, that few or no attempts are 
mj*de to retain the water discharged upon the range of mountains 
b<trderii)g the coast. Ou the east side of these mountains, how- 
ever, th*» case is very different. Here the rain is scanty and 
irregular, and care is ukeu to secure as much as possible of the 
drainage of the country. In every water-courae or Hue 
of drainage, dams will be seen following each other in 
rtgnlar succession, till all or nearly all of the drainage water 
ia caught, and retained for agricultural purpose; tbe surplus, 
which finds iu way into the rivers, is again stopped by 
mnicutft or dams constructed across them, from distance to 
distance, and channels are taken from above these dams, by 
which the water of the river is distributed as extensively as 
pctasible. When all this has been done, there is but a small 
proportion of the cultivated land which is susceptible of irrigatii>n, 
tho remainder is dependent upon the ordinary action of the 
mna, and is sown with what are termed "dry crops;" namely, 
various kinds of millet and raghi, and also with oil seeds, gram, 
and other leguminous plants. This dry cultivation imposes upon 
the farmer the obligation of completiog his agricultural opera- 
lions rapidly: he cannot plough before the first rains have 
softened the* ground; he cannot sow till be is pretty certain of 
cofitiunal showers of rain. The result is that he is compelled to 
OiAintain, or at all events to employ, a pair of bullocks for every 
fiv#, or at leaHt for every eight acres of land which he cultivates, 
AS he would not be able with less animal power to carry through 
the various ploughings and boeings which the land demands. 
TKe cr(»p springs up rapidly under tbe influence of rain, and of a 
fttto nearly vertical, and is ready for reaping in four or live 
months. It is then reaped, trodden out by bullocks, as was done 
ia the lime of Moses, and winnowed by tbe wind in a manner as 
old^fasbioued as the threshing. When all this has bet^n done, 
th« ^rmer, unless he has laud which he can irrigate, and from 
which he can get a second crop, has no work for his bullocks 
dvrinK ths five or six months of the dry season; they are, conse- 
iliMlitiy, employe*! in conveying produce to market, and the 
mmisr or cultivator, leaving hi« laud lo take care of itself (which 
li does bj producing a plentiful crop of coarse grass and weeds) 
atlMhat hia bullocks to a light cart or bandy, and becomes a 
OCMmnoa carrier, being satisfied of courte with very small profits, 
aa tvtry penny which he receiver, in additiun to the amount 
fMitino to maintain his bullocks, is clear gain. 

P^miati&n.—The population of the Madras Presidency may be 
pat at 34,^00,000, of which about 16,800,000 are employed in 



agriculture. About 4^0,000 are congregated in Madras and its 
suburbs. There are, however, few large towns, though in each 
district there are three or four towns a^ut which the population 
congregates more densely than in the lural districts. As a 
general rule, the population is more generally diffused ever the 
Sice of the countnr than is the case in England, where the agri- 
cultural portion of the community forms a much smaller portion 
of the whole than is the case In India. 

Wagei, — A necessary result of this dissemination of the people, 
and of their employment in the rude processes of agriculture, is 
that wages are low everywhere. The capital expended by the 
different companies upon railways and irrigation works haa, 
by increasing the demand for labour, raised locally the rate of 
wages; but even now, in parts of the country a little distant from 
lines of railway, from Bs, 2i to Rs. 4 per month, or from ^d. 
to 3d. per day, may be considered as the ordinary and average 
rate of wages; while, generally speaking, the whole of the 
agncultural labour is paid for in kind. The hire of a pair of 
bullocks and a man to drive them, and to plough at the same 
time, is five annas or 7|(/. per day. 

Roadi* — ^Though men and cattle may be hired at a very low 
rate, as shown above, yet the coast of transporting commodities 
must depend very much upon the character of the road over 
which the traffic is to pass. The main lines of road throughout 
the presidency are, generally speaking, iu a fair state of repair, 
much money having been spent upon them. The principal 
obstacles to ready communications are the nulhihs and water- 
courses, many of which are not bridged: during the rainy season 
these are torrents altogether impassible; while in the dry season 
the river beds are filled with a loose drifting sand, across which 
the ordinary carts or bandies, carrying about half a ton, require. 
to be assisted by many men. The cross roads are in a pretty 
good order for the character of the traffic which passes along 
them; indeed, during the dry season, roads though deep in dust 
do not oppose any great obstacle to the movement of goods or 
produce. A great proportion of the work of transport is accord- 
ingly done in that seiison; the cost of conveyance being about 2} 
annaa, or 3jrf. per ton per mile. 

During the rainy season the cost of conveyance is much en- 
cbanced: in the first place, the roads are soft and damaged by 
the rain; the bridges are carried away by floods, culverts blown 
up, &c. The actual labour and risk of conveyance is therefore 
much greater. In tbe second place, the rainy season being the 
working period of the agricultartsta, the whole of the animal 
power of the ryot is expended upon his cultivation, and he 
caunot spare any to be employed upon road traffic, and there is 
therefore less competition; to set against this however, there is 
less traffic at that time of the year, and I am disposed to 
consider tbe figures above given as tbe c*>«t of conveyance, 
and which were taken from a return furnishe<i by the Com- 
missary General, of tbe contract price for Government transport, 
to be a fair average for the whole year. 

Railroads. — Of these, the Madras, or South Western line, is 
completed from coast to coast, & distance of 406 miles. The 
North Western, which ia eventually to communicate with 
Bombay, is open for a distance of 41 mites from its junction with 
the Madras line. The Great Southein of India line is finished 
from Negapatam to Tricbiuopoly, a distance of about 80 mi leu, 
but it has yet to be connected with the Madras line by au exten- 
sion of about 80 miles, which will meet the South West line at a 
point about 250 miles from Madras. A branch from the Madras 
line, about 80 miles iu length, leads to the military station of 
BaugHlore : this is just completed. When the whole of these 
lines are finished there will be a complete chain of railway 
communication oonueciing the principal military stations in this 
Presidency with the great depot at Madras; and this latter will 
communicate directly with Bombay. 

CanaU. — Of these there are but few. The irrigation channels 
in the deltas of tbe Kistuah and Godavery are nsed with great 
advantage for local traffic; and there is a coast canal, connr 
the backwaters of some of the rivers to the uortnandsoi: 
Madras ; while the Irrigrition Cmnfjauy has on hand a pn-jr^!*- 
for completing a line of Water cummuuiciition between Kuruotil 
on tbe Toombuddra, and the sea on the east coast. 

As a general rule however, the country is altogether unfitted 
for this kind of cummunication, owing to the difficulty of 
securing, either at or below the summit levels, a sufficient supply 
of water to furnish the lockage and to meet the very larg^ 
demand on account of evaporation. 
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I have ^iven tlib short sketch of the Madras Presidency, and 
of the exisliag meaos of commanicjitioD, in onier lo faeUitale 
the comparison which it will Ins iiec*^!jsjiry t*» make betweeu the 
result of the railway system here and eUe where. 

In England and Australia, the indirect benefits aHaing out of 
the railway sj'stera afford a full comi>eD8ation to the couutry at 
large for the capital suuk in the railway. The holHers of llie 
railway shares are losers, of coarse, to the extent of the ditfe- 
reoce between the dividend paid and the ordinary interest upon 
the capital invested; but every man who travels by mil, and 
every man who has goods to send to market, saves a very large 
percentage of the amount he would have had to pay had his 
means uf communication been limited to turnpike roiuls. 

In India however, so far as the conveyance of goods is con- 
cerned, the indirect benefit is by no means so great as that which 
is enjoyed by English or Aiistraliau merchants* Here the cost 
of moving goods is about 2jrf. per ton per mile on the road, 
while on the rail it may be put at 1 W.; that is, the cost fier rail 
is to tliat per road as 2 to 5, while in New South Wales it is as 
1 to 4, and in England 1 to 5* 

The l)enefit to travellers in India is very great; the faciiitiea 

forded by the railway have made thousands tmvel, who in 
former times never dreamed of moviuff from their homes. Still 
however, the poverty of the people, Sie ver}' low wages whtch 
they receive, taken in connection with the fjict that a very large 
proportion of such wages is paid in kind, would seem Ut pc>iut to 
llie conclusion that years must elapse before any very great ex- 
tension of passenger traffic will take place, except in the vicinity 
of large towns. At the present low fare of gths of a penny per 
luile for 3rd -class passengers, the Madras cooly would only be 
able to travel 9j miles for his daily wages; while an English 
laborer would earn enough in one day to carry him :i(j miles. A 
reduction in the Madras ratea would, I have no dotil^t, increase 
the number of passengers; but it is very questionable vvhether 
it would increase the net receipts. If, indeerl, the cost of work- 
ing the railway in India bore the same ratio to the cost of 
working in England, as the rate of wages in India Hoes to that 
in England, the iownesa of the Madras rate would not ha%'e 
much intluence on its net receipts. But in India t)ie cost of 
freight has to be added to that of the coal or coke used; the 
wages of skilled latM*ur, as engine drivers, &c., are higher than 
in England, and though the ordinary labour employed ab^nit the 
atations, and on the maintenance of way, is cheaper than in 
England, it is not cheajscr in proportion to the difference of 
wages, for one Englishman will probably do the work of at lenH 
three natives. On the whole it will, I think, hardly admit of a 
doubt that the amount, of traffic required to pay the interest of 
the capital expended upon the construction of the mi f way, as 
well as to defray the costs and charges of mainleimnce of way 
and of locomotive power, must be far greater in India than iu 
England and elsewhere. 

Now the interest of capital is one of the heaviest charges 
against the proceeds of railwav ti^affic, and when the traffic is 
comparatively light, and not iikely to increase to any great 
extent, it may be more to the advantage of the Govcrnmentjand 
of the country generally, that a description of road should be 
conitructed which, involving a smaller outlay of capital, but re- 
quiring a somewhat more costly description of locomotive power, 
would, at a charge little if at all in excess of that of the railway, 
furnish a return sufficieut to keep the road in thorough repair 
^lay the interest of the capital expended upon its construction, 
and provide an amount of tractive power fully adequate to tlie 
wants of the people, though the time expended would, of course, 
be very much in excess of that required by the locomotive line. 

I propose, theu» in the remaiuder of this article to investigate 
carefully the relation between the outlay and the returns uiK>n 
various kinds of roads in the Presidency of Madras; namely, the 
railway woiked by the locomotive engines; the railway worked 
by animal power; and the macadamized road. The first step 
towards this comparison must be the determination of the 
amoutd of passenger and goods traffic which is to be taken as a 
standaixl quantity, and in order to simjjlify the calculations, and 
indeed, to subsututo matter of fact for matter of inference, I 
propose to take the amount of traffic upon some given line 
or portion of a line of existing railway, as this standarth 

The Madras or South West line of Railway, extending from 
Mii'lraa to Bey pore, a distance of 406 miies, partakes too much 
of ihe ahMmoter of a great trunk line to justify the adoption of 
ihe^whoh or ntt/ other portion of it as ^ standard of eomparison, 



whether as to outlay or as to the ainnnnt of traffic; but the 
North West line, or the portion of it n!rea<ly comj»Iet<cd, viz., 41 
mites, may be fairly looked upou, at present, in the light of a 
branch; and an inquiry into the cost of moving the passengers 
and goods^ stated to have passed over this line, by some more 
simple system of conveyance, will affiird aatisfncttiry data M to 
the relative advantages of railways or other roads. 

I may observe that the Madras Railway, though it only })aid| 
during the first half of 186i, interest to the amount of "6^ per 
cent or i:i». 7d, per hundred pounds of capital expended u^ioo 
the whoie line, did, I hax^e no doubt, pay the full interest of five 
per cent upon the cost of the 40 or *%i miles nearest to Madras; 
nut it would be difficult, if not impossible, to attempt to deal with 
tlje line in section •?, and to attribute to each its fair share of ex- 
penditure and i-eceipts. It is only necessary to aay that, with an 
amount of traffic equal to 595,000 passengers, an^ 9GO,nOO totii 
of goods in the hatf-year, the amount of interest was only, aa 
stated above, '60 per cent, for the half-year, so that 1,200,000 
passengers and about 2(.X>,0W tons of goods would only pay the 
cost of traction, of maintenance of way, and Ij per cent upoa 
the out lav of capital* 

The fulluwing is an abstract of the nature and amount of the 
traffic on the North West Hoe, fur the half-year ending 20lh 
June, 1863; and the numbers given will, when doubled, lorra Uie 
standard amount of traffic upon which the calculation of the 
cost of c»>nveyaiice on the different kinds of roads will be kieed; 
the actual cost of the working of the railway being taken, 
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15,711 X 2 = 81.422 

The first and second class passenger-s will be merged into one 
of. Buy 3220. The second class of passengers will ecmsist of 
152,lX)0, and the goods will be tnken aa 32,tX)0 tons. I will uow 
proceed to enter uf>on a detailed examination of the oost of 
Cmulruction, of Maintenance of way, and of LocomoHne ftower 
upon the macadamized road, upon the railway for animal power, 
and upon the railway for locomotive power, with refeivnce to tine 
above amount of traffic. 

CoKSTiiucnoN» 

1*^ Macadamized Road, — ^The data aa to the cost of e*>n* 
structing such a road as thi^ have been funiished by the Public 
Works Department, and the amount given below may be con- 
sidered a fair average of the cost of such roads throughout the 
principal parts of the Presidency. 

Width of r*)**! 

Width of metalling 

Cost of earthwork 
Dr>. of metaUlng 

Bfidges and Culverts .»• 

8ua£iet 

£673 4 
If an addition be made to this sum for the cost of super* 
intendence, &c., bringing it up to £750 per mile run, this will be 
an ample alllowance for any ctmtiugency. 

2nd, RaVway for Hnr&epower, —The coat of the earth workj 
and of the bridges and culverts, would be rather less on the ndU 
road than on the raacAdnmized road; for, while it is not intended 
to modify the gradients in any way, or to add to the cuttings and 
embankments, except on very special occasions, the width of the 
road may be less, I do not, however, propose to make any 
deductions on this aocouut, but shall assume tbe cost of the 
earthwork and bridges and ballasting at the sameeum as given 
for the macadamisned road, viz., £7M) per nrile; settbgthe melad* 
ling against the ballast of the railway. The cost tJ^erefore of a 
raifrfMui will be found by adding to the cost of the t^aeadami-»cd 
rojidj that of the purchase of rails, chairs, and aleeptf*, and tb^t 
of the labour of fixing them« , 

The weight of the rail used at first on the Mau^eeter fc^d 
Liverpool line, was 35 lb. to the yard, and it seenjfi to tiie lltfti 
for horse traction, a rait 29 lb. to the yard would be ntDpl? 
strong enough: and as 2000 yattls, or an a<ldition of WO jams 
to the mile, will be sufficient to cover all sidings, kc^ 8 X S8 X 
2Ut>0 = 112,000 lb,, or fiO tons per mile, will be ih# weigbl of 
thei-aiU. These can be delivered at Madras at £i6 iO». per Um, 
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miiti Ati Atldilionul 30«, per tou, mnkiug a total of ^10 per ton, 
wiJI cover tlie dmrjfu for couveyance, »o thiit £0(H) will be the 
C'vsl per nii'e of ilie rails tleiivered upon the romi. Timber 
sleepei-a have bet^n found to decay rapidly in Uiir climate^ I should 
tlte^efqre be iudined to recmutueud the employmeut of stune 
blocks ns au|)|M>rt« for the ruil : iti niHuy |:iarta of thia piesideucy, 
where the gneiss cm{)i out ou the aurfiicej the nUme hluck wnuld 
be (kr ches^iper in (irdt coat, nud hir more durable thau any other 
dBScripilou of sleeper ; but, as these nmy tiot be attaiuable 
generally, I propose to allow fur the use of the irou pot sleepers, 
which have beeo employed ou the milway. For the horse 
tr*ciiot] line these lurty be made lighter thau for the locomotive 
liti«, but I propose toallow fnr tlie mtue weight aud price, that is 
Xl per pair of sleepers with the couuectiug tie-t'od. 1 aiiall allow, 
liowever, for a be^riugof live, iostead of four feet : the cost, uuder 
tliese ctiiiditioDs, of chairs and sleepers will be £12U0 per oaile. 

The c<^et of laying the railway jnay be put as ou the locomotive 
lice, at 4id. per yard ruu, the cost fur 2000 yards would thei*efore 
be X37 Ufs, 

III onJer to make the action of this railroad perfect, it should 
Ur provided with a line of telegraph; and thecrnit of this, judging 
froin the amount ex|>euded upou that ou the Mavlras line of ukU' 
roaJ^ will he £:K} per mile. 

The whole cost of this railroad for animal power per mile will 
Uiea be as follows : — 



Earthwork, including Ballast or Metal . 

BndgM. Culverti, kc 

Ratlt 

Cludn and Sleepers 

1 jraph ... 

Svj !.'§ and Rt»t Hoiista .., 

S'lh.iries 

Superiatetideocej &c* 



. 330 10 

302 H) 

600 

1200 

37 10 

90 

^0 

40 

7a 

£2,627 



Locomotive Railway. — The coat of this may fairly be put at the 
same rate, XI 2,000 per mile : this has been the cost of the South 
^VeJill line, and it will in this case include the coat of the rolling 
stock I'ecpiired to work the amount of traffic taken as the ataodara 
The comjianaoD therefore between the efi|jiLal expended per mile 
upOQ the different kinds of roads, and the annual charge oq 
aeooant of interest at 6 per cent will he as follows : — 



Maouiamiserl road 
Railroad for Anlnml power 
R^lroaii for Slefttu piiwyr 



C««t per mile. 

£750 

2,627 

12,ou0 



iBtemt. 

£37 10 
131 7 
600 Q 



{To he continticd.) 



AECHITECTURAL ASSOCIATION. 

The foitnightly meeting of this society was held on the 6th 
Tilt^ Mr. HL J, Tarver in the chair. The following gentlemen 
W0m elected members of the Association — Mr. AlfrS Water- 
hoYiee, 8, New Cavendish-street; Mr. G. D. Mcnnie, Overton- 
lodge, Angel-towu, Brijcton; Mr. R. M. Marnock, 11, St, JohnV 
iermce, Regent's- park; Mr. Frederick Dyer, 18, Bucklersbury; 
and Mr, G. AIlau« 3, Westmnster-ch ambers. 

The SBcaBTAKT read a letter from Mr. Pap worth, requeating 
the Society U* furnish the Voluntary Examination Committee of 
the Royal Institute of British Architects, with suggestions as to 
the mode of conducting the examinationa. The Hon. Sec., Mr, 
Mathews, reminded the meeting that a schedule of suggestions 
w:*s sent up to the Institute during last session, and it had been 
partially acted on, with considerable advantage. In connection 
%*=*»! ♦•>io subject, Mr. Riddett announced that the Voluntary 
ion Class was about to re-commenee its session, and 
i,e attendance of members. After some conversation a 
:' . 1 ji to the following effect was proposed by Mr, Ridge, 
i> ti ir i by Mr. T. Roger Smith, and carried 'unanimously: 
' 1 hilt this Association considers it highly desirable that a cer- 
t u cite should be given to each gentleman who passes the 
examination, sUting the class in which he has passed; and that 
Uie «rtif^cate should bear the seal of the Institute and the aig- 
salore* of the examiners**' 

Mr FtaKExcB called attention to a scheme for the formation 
of i daaa to study water-ooigur drawing under an able master. 



The matter had been brousfht before the committee of the Am*!- 
ciation^ who hud e)tpresi«ted their approlmiiou by gmnlin^ thd 
wae of the rooms t)f the AeiU'iciAiion for the meetings of the chitis. 
Twelve geutleiueii were requested to give their names to Mr. 
Florence, and thus torui the tirst section of this chisa, 

Tlie Chaihman then saitl that he regretted to announce that 
Mr, CocKereil, whu had promised to read a paper on the "Works 
of the late Profensor Cockerell," had been unable to attend this 
evening. It became necessary therefore to turn to some itther 
subject, and it had been decided that a discussion should take 
place ou ^^Architectural Stiidi^,''^ with special reference to the piper 
which had been read some time ago by Mr. T. Roger Smith, and 
he called upon Mr. Hidge to open the discussion. 

Mr. Ru>QK said he was afraid the committee, when they decided 
to have a discussion, did a very bold thing. Their reason for so 
doing was not simply that thuy could not get another paper to 
fill up the evening, for it was possible that some gentleman 
would have given a paper on this occasion, but it whs thought that 
AQ Association like this ought to be able to entertain itself for at 
least one evening when circumstances required it The subject 
of the educutiun of architects was one of wide range iuid 
vast importnuce. So much had been said ou this auhject in 
the three papers which had been read to the As60:iation hy 
Mr. T. Roffer Smith, that it was difficult to say anything 
Dew on it, but on the other hind, those papers had not been 
fully disciiJiaed at the lime of reading, so that they might 
furnish matter for eousidemtioD this evening. For carrying 
on a discussion it was necessary that diversities of opinion 
should exist; but as a rule, members of the Asaociation did not 
display very much difference of opinion; they had no gold medal 
to give aw»y, and consequently did not even wage the B;iitle of 
the Styles. It would be f lund, however, that they lookt*d upon 
the subject frum different points of view, and this would doubt- 
less forniah a discussion. Their chairman, for instance, would 
tfll them with great incety, the exact position which figure 
drawing should occupy in the architect's education. Mr. 
Florence would ejsplain how water-colour drawing bec^miea a 
necessity of art-education; while our Ti-easurer (with an eye to 
the half-guineas) wiliinaist that belonging to the Architeciural 
Association is a matter of the utraoet importance. Mr. Ridge 
observed that the most remarkable thing which struck one un 
looking at tlie Architectural profession, was the wonderful deve- 
lopment it had undergone in recent years, and this necessitated 
R corresponding ndvance in the architectural course of study. 
The recogniami ediicition of architects, however, waa at present 
much the same as titat recognised in the old **five order'* period: 
young men were articled now, as then, but beyond that nothing 
very detinite wa» done as to their education; nevertheless, oppor- 
tunities were unw set before the young architects, which the 
older members f>f the profession were constantly telling them 
"did not exist in their time," but using these opportunities ia 
purely volunutry. and forms no part of the syntem. One cunae* 
quence of the grt^ater development of the profession, wtis the 
larger number ot men now rushing into it, which in some w;tys 
had c^iuse^l a det*'ri oration from the old system of education. For 
instance, much le^s time is now spent in litudy abroad than wiis 
formerly the cast^: this arose partly, no doubt, because MedJicvul 
architecture could be studied at home^ but still, it was a matter 
worthy of the attention of those who were considering the cuurse 
of study which ouglit to be pursued by young architects. Mr. 
Ridge believed that ninny would feel conscious that much of the 
time of pupilage was often wasted in finding out what a student 
ought to learn, and the discussion of this evening would, he 
hoped, assist some of the younger members of the Association in 
til is particular. Mr. Smitli's paper, they would remember, ended 
with a paraphrase of Demrtsthenes' well known saying as to the 
Di est important requisites in oratory, Mr. Smith had said that 
drawing was the first, the second, and the third essential 
for an architect. He (Mi\ Ridge) would, even at the risk of 
*' finding aim the archer never meant," take the liberty of 
civiug a separate meaning to each repetition of the woH 
drawing. To the first, be would attach the meaning of ** G«'o- 
in etriciU drawing;" to the second, "Free-hand drawing;" and 
the third he would call ** Draw in f^ from the round,*' Making 
georaetric'd drawings of existing buildings, was a combination 
of "Geometrical drawing," with "Prawtug from the round.** 
In geometrical drawing they had sutiideut pmclice, as they 
were of no use in an office if incapable of doing this species vi 
drawing. Ou the question of free-baud drawing, Mr. Suiltii 
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hud hinted that the pupil ought to have some proficieDcjr id it 
before he eatered the profeaaion. He (Mr. Hidge) quite agreed 
with thia opioioo. Writiog tL speciGcatioD might be cou- 
•tdered a fourth eeacntial It would be well, however, to bear 
in miDd that the object was not ao much to learii to write a 
specification, as to describe the work iu tended to be executed. 
We should, therefore, study the detaila of build luga on the worka 
themselveiit and ou good detail drawiags, and so describe what 
we uuiJeratood, *' and not cnbphraaea out of other sipeci locations," 
Mr, Hidge illuatnited the danger of putting the usual ctausea 
into specifications without cooBideriog the effect they woold have 
in individual cases, by an iuatauce he had lately seen, CertaiQ 
detached shafts of htird and dark coloured stone, auch as are 
alwaya obtained in us long lengths as poaaibie, had been intro- 
dijr-ed in the interior of a church, in pieces of about a foot in 
J weight; on his remarking on the peculiarity to the clergyman, he 
replied that it an»ae from the insertion in the specifii^tiou of the 
cl;nise, *Hhat all etouea were to be laid on their natural bedd," 
atiii thia rhe maaouti had attended to in a manner never contem- 
plated by the architect. 

ileferiiiiu tn the voluntary examination scheme, Mr, Ridge 
obaerved that it was one of the great helps whidi the last few 
▼eara had brought to young architects. He was sure that the 
very attentive study of the whole scheme of these examination] 
wendd be amply repaid. Not only was there a most ejtcellent 
liat of hooka, which divided into books which ihey read and books 
which they were advised to read; but the scheme ako pointed 
cut, by the mode of distributing the marks, what architects must 
know, and what they ought to know. The voluntary examinatioo 
sclteme was also calculated to warn young architect* against one 
very obstinate sin of the profession. Most men were apt to 
study a few things exclusively, to the neglect of others. But the 
examinations directed attention to a very varied list of subjects, 
all of which it whs requisite to study. Mr. Hidge observed that 
there was great diveiijity of practice as to the extent to which 
^Ti I [dings both ancient and modern were atndied. Some did 
k' mure than look at drawings of them in books or magazines. 
i«v Ltie study of old buildiugtf a knowledge of the different styles 
of architecture should be arrived at; and it seemed to him that 
one particular style must almost necessarily be preferred, and so 
•elected for special attention. Thus a large school uf architects 
at the present day looked upon the architecture of the thirteenth 
century as the purest and best for study, an opinion in which he 
agreed, believing it to be the period when Grothic architecture 
ame to perfection without running into abuse. This period 
fierefore ought to be thorough 1^^ and completely studied, and in 
conjunction with it he believed it was necessary to study modern 
modes of execution. It might be very well to erect in a park, 
separate from all other houses, an archaic and Medieval building, 
bu; the same style if need in a street would make people laugh. 
To Ilia mind it was quite ridiculous to erect Medieval buildings 
in the streets of a city like London. For thia reason they ought 
to iitudy modern buildings and modes of execution, and even such 
titipleastng subjects aa the "Building Act." Combining these 
ilnfigsi with the particular style of architecture to which Ihey 
\\ 1 M addicted, they would produce sumethiog appropriate for the 
|u-ieut period. This process, Mr. Kidge maintained, differed 
Oorn striving after a *' Victorian Architecture," which its friends 
pronounced was to be aa different as possible from any of the 
styles which had preceded it Mr. Kidge remarked that mnriy 
people seemed to think it not quite proper to sketch from modern 
nsi'lings. He doubted whether this opinion was correct, as they 
V, • Hi frequently well worthy of study, and moreover, the archi- 
tects of the present day worked under the tame disadvantages a^ 
the student would have to contend with. 

Mr. Ridge said he would close his remarks with the observa- 
tion — that in studying buildings, they must endeavour to arrive 
at the ideas of the architects who designed them. Unless they 
C'luld perceive why certain forma were abandoned — why certain 
trannitions took place* and why other styles were adopted, which 
were not now considered so gooil, their study would be but 
imperfect. M. Viollet-ie-Duc*s Dictionary adopted this mode of 
ti I'Htiug the subjects, and he thought it worth anyoue^s while to 
lenrn French, if only to study that work. The process of practical 
reasoning carried out in that book made an artiole on some point 
of military architecture, which was now necessarily obsolete, 
e<|tially interesting and instructive with those on ecclesiastical or 
d/^izi^tjc flubjecta, which might arise at any time in onlinary 
poictiee. The whole spirit ot oar etudy of ancient architecture 



might be summed up in the words of Mr. Soott, in ooe of bis 
lectures at the Boyal Academ} : — ** That we should strive to 
do, not what they did in the muddle ages, but at they did.^' 

Mr. North thought it woula be well if a man, before he 
entered the profession, studied free- hand drawing, and had a 
kuowledge of perspective, and then obtain a practical insight of 
the leading principles in the art of building by working in ft 
builder's yard or office for some time. He had been preeent 
some time ago at a discossion, at the Institute, at which it was 
stated th it it formerly was considered ad %iaable that anyone who 
entered the profesiston, ought previously to have passed a year 
in a builder's office or yard, learning the practical part of 
architecture. This was not done at the present day, and bd 
thought that this defect ky nt the root of the imperfect ednca^ 
tion of architects. The young men who entered the profeenoa 
learn nothing for the 5rst two years, except perhaps to draw op 
a few a pecirt cations, of which there were generally one or two 
dirty, well-thumbed, and grubby otJpies kept in the office, 
especially for the pupils to copy. He did not undervalue 6gure 
drawing, or the proper use of colours; theae were very im- 
portant; but first of all the pupil ought to have a thorough 
practiod knowledge of the details of building. There were many 
books which professed to teach tlie student what he onght to 
know on these points, but they only led him into a fog; some 
gave sketches of specifications, which the pupil had to fill in, and 
these he thought were calculated to mislead. It often happened 
that the architect, knowing what would be wanted, but owing to 
the absence of an early practical training, not knowing how to 
express it, had to leave important details to the mechanic, who ia 
generally prejudiced and wedded to old notions, and in this 
manner grave mistakes were committed. He thought the pupils 
should be trainc'd to be engineers as well as architects, for he 
considered engineering to be the practical part of architecture. 
Partly owing to some architects (through the defects of the 
present system of architectural etlucation) being unable to go 
minutely into the cost of labour and materials, and partly owing 
to unprincipled outsiders, whose strongest title to the name of 
architect was on the outside of their doois, there was a geneiml, 
and oftentimes well founded complaint — that work which was 
estimated at, aay j£ 1 1,000, often came out at £15,000 wbea 
finiahed, a atate of affairs very prejudicial to the working men of 
the profession. If architects paid more attention to goo^ 
buildmg, and leas to pretty drawing, he thought the profeesioa 
would make a style of its own, be more frequently employed by,' 
and give more satisfaction to clients, than they sometimee did at 
the present time. 

Mr. KoppERS remarked that pupils, as a rule, did possess some 
skill in free-hand drawing, and many of them wasted their time 
in pen-and-ink sketches upon the office paper. A knowledge o1 
geometrical drawing before entering an architect's ofllce, migb 
make them more useful in the office. Free-hand drawing waa^^ 
however, he admitted very important, and ought to be recom* 
mended to all pupils who had not learnt it. 

Mr. J. DouoLASS Mathewb said, he thought study for ttit 
architectural profession might be divided into three parts : first, 
information gained by literary research; second, by assodaticua 
with others; and third, by actual observation. All these moet 
important branches mast be attended to by every man desirous 
of success; and the best way of accomplishing them was to maks 
study as agreeable as possible. When a pupil entered sn office, 
he should understand that he was expected to study out of office 
hours; formerly he had to study his lessons, and that study wasij 
stilt to continue; and when he had finished his office work for lh< 
day, his evenings were to be devoted to the mastership of sncll 
subjects as would advance him in the profe^on. It wa% 
therefore, a question of some importance as to the way in whi ' 
study could be made most interesting. The few remarks he h; 
to make would be on the advantages of associated study, witk1 
special bearing on their own Asaciciation. For his own part, h»; 
felt strongly that study in conjunction with others was most 
interesting and desirable; while, at the same time, he could not be 
blind to the fact that many studied best and most thoroughly 
when alone. It therefore was an important point to discover* 
aa to the best mode to adopt individually. There waa a certain] 
amount of knowletjge necessary before joining an asaomtion oi 
claasy with any benefit to the student himself or his feltows; and^ 
this must be obtained in private. The reason of this obviooal; 
was, that the subject brought forward would not b^ coaiprc^' 
hended without some amount of previous study, withc^t which, 
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liMteiMl of i^tDing any benefit bj attending such class, the Tesnlts 
would be a loss of time and disappointment. On the other hand, 
1i« thoogbt that the Btodent who had given some little attention 
to the rudimenta of the varloos subjects in home atudj would 
find tbat associated study was most profitable. Aa regarded the 
meHtuHiary work, he considered the man wlio had mastered 
Waalei't mdimentary treatises, or works of a similar character, 
was posNtted of sufficient attainments to make his association 
with otherv advantageous. He begged to read an extract from 
Mr. T. R*>ger Smith's paper : — 

*' I believe it ^utte worth any student's while to join the ABSOcintion 
far the CIms of Deeign only, und I very strongly urge it upon the 
aUtenlloa of you all ; wlding to my hearty rceommendatfons tluit you 
ihoaki join it. the one caution, that you should in working out it4t(iibjecta 
«aibrsoe every opportunity of showing the plnns and iiome of the details 
as wall M ihe g^nend ouiline of your design, not contenting yourselves 
«itii a ihowy iketchj but working it more or less ss though the drawing 
■re to be built from," 

He (Mr. Mathews) tbougbt that one of tbe advantages in 
fttioeiatioa was, that a man had opportunities afforded him of 
ing friendehips and securing associates of his own age. 
,iiother and important advantage was, tbat it kept a man up to 
is work, as young men were often inclined to " shuffl©" their 
work. Another ailvnntage was that by association they were 
Tnutaally instructing each other. Each man ought to feel that be 
had a share in assisting the advance of the particular class to 
which he belonged. It was very easy to sit in a room with a 
number of others, and listen to a lecture; but the question was, 
did instruction simply by lectures produce the impression which 
was neoessary I Doubtless attendance at lectures was very 
desirable but it must not be considered everything. It required 
be followed up by private and associated study. He (Mr. 
ithews thought it would be advantageous if members of classes 
were each to select a certain book on the subject to be studied, 
make extracts therefrom and read them to their fellow students, 
by which means they would have a collection of opinions, which 
while grounding each student in his work, would be ad van - 
Ijigeons to the other members of the class. He commended this 
ideA specially to the members of the voluntary examination 
elaaa. It was by this exchange of thought that ideas were 
Ibnned in their minds» and the neoessity of thus exchanging 
tfaoughts with others should be kept in view by everyone, from 
lli# beginning to the end of hia life. One other advantage was, 
tliat a man could understand much better what he atudied, 
seeing there were points that would appear difiicult in private 
study which by the help of others would be made comparatively 
^bsy« l^fr. Mathews remarked that great attention ought to be 
id to minor points in the course of study. As they got older 
;y would find that the things which now appeared trifling 
re the very ones which mastered them afterwards. Questions 
trifling points were often asked by clients, and it was most 
barrsssing to have to confess that the little things bad not 
in iM) closely studied as they required. Adverting to the 
ity of association, Mr. Mathews said, every man must have 
Qoropaniona. The greater number of the pupils in London 
arobiteci^s ofiBoes came from the country. Ttiey were frequently 
ifUhiated with anyone in London. Perhaps their fellow 
in the office were not of the kind tbey desired for com* 
I, If such young men Joined an association, such as our 
they met men of their own age and calibre witli whom to 
intimacies. Acquaintanceships were frequently formed 
ider such circumstances which were lasting throughout their 
_ es. If a man made a suitable choice of companions it had a 
beneficial influence upon the formation of his character for the 
TCfnainder of his career. Again, a most important quality which 
aMucE&tion tended to educe was perseverance. In whatever line 
oC life a man might determine to walk, perseverance was a 
neceasary quality. By contact with others in classes a 
of emulation was awakened, which urged men on to per- 
Iff stuily. This spirit of perseverance would not be so 
if the dudent were lo study alone. He (Mr. Mathews) 
not deny that there were some disadvantages Inciilent to 
ted study. In so large a place as the Metropolis there 
often a long distance between the student's residence and 
thie place of meeting, and it m'ght be said tli^t the student 
eontd impr«»ve the time better at home in private study than 
by wasttirg it in taking a long journey. He admitted there was 
a ioeiiof time« but still he thought that, alt things considered, 
the adranta^ was on the aide of class attendance^ especially as 
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there was a possibility that if the student stayed at home he 
would not study at ali. Another point which, to those engaged 
in class study, required to be guarded against, was a tendency 
to have no decided opinions of their own, but to be content 
to follow those of the majority of students. This could only 
be obviated by independent thought. Every one must make 
up his mind, and decide for himself what was true and right, 
and ought not to allow himself to be swayed from his care- 
fully formed opinions without very good reasons. Mr. Mathews 
concluded by urrintf upon students the necessity of perse- 
verance, zeal, andlove for their work, as without these it would be 
neeless to follow out their profession. These qualities were 
eapecifiOy desimble in the attendance at classes, which must not 
be fitful, but regular. If they were not zealous, and had not 
love for their wor!<, they could not hope to succeed, and in ex- 
pressing this opinion he was sure he should be \»acked up by 
members who were older and had fiir more experience than 
himself. 

A Memheb referred to what Mr. Eidge had said, regarding 
the benefit to be obtained from studying modern buildings*, and 
said he thought such a practice would be considered ** prigging:" 
nobody, of course, would appropriate the entire design of a 
building, but architects might accuse students of stealing their 
details, 

Mr. T. R Smith said it was gratifying to find that the Associa- 
tion bad determined to fill up a vacant evening, by discussing 
such an important subject as they were considering, and gratify- 
iug to himself because his paper had been made a sort of ground- 
work for the discussion. He did not propose to say nmch on 
points that had been dwelt upon by other speakers,* but would 
point out that the range which the discussion had taken showed 
how very much they had to learn. There were many things 
with which students of architecture ooght to make themselves 
iicquatnted, as an absolute necessity^ and many things which 
without being essential would yet be very advantageous to know. 
There were, in truth, but few kinds of knowledge or attainment 
which the architect would not find of advantage. If this was the 
ease, it was clear they ought to work constantly, beginning early 
in life, and neglecting no kind of study which would be beneficial 
to them in Ihelr career. He advised that they should never miss 
any chance which might offer of learning anything which afferled 
their profession. They should bear in mind, moreover, that their 
time was limited, and if they wish to make their studies success- 
ful they ought to classify the objects of study, and pay most 
attention to those subjects which were of most moment Mr. 
North had well pointed out the importance of a thorough 
practical knowledge of the constructive part of the professioo. 
To those who could do it, nothing was better than paasing some 
time in a workshop or on the scaffold. But the most important 
and chief part of their doty was the study of architecture as an 
art — as a fine art, as a constructive art, and as a science. Th^ 
ought to know architecture as a skill — as a trade, as a business; 
but above all that, they ought to know it as a fine art, a mastery 
over which, was the highest point to attaiu. It was im- 
possible to know the art, unless they understood the structure 
and materials, and the purposes for which tbey were intended ; 
but they might know all that, and still fall short of practising 
architecture to the best purpose, fall short of the power necessary 
to make themselves a great name, and to produce buildings 
which should be a credit to the country and to themselvea. He 
Bhould therefore be very glad if the students would set before 
them the duty of studying earnestly those things which bore 
u pon the artistic part of their profession. Tbey should no doubt 
study buildings both ancient and modem ; but if they studied 
modern buildings, he advised them to study only good ones. 
There were only a few good, and very many bad, among modern 
buildings. But whether ancient or modern buildings were 
studied, students should ever keep their hand and their eye con- 
stantly alive to all that bore upon architecture as a fine art ; for 
this reason, that he urged the importance of early attain ing great 
excellence in drawing. There were some things which could be 
learned late in life, such perhaps as the power of fluent talking. 
But whatever required much study, required to be learnt in r.he 
first twenty or twenty-five years of a man's life. Few learnt 
languages after that age, and few had much skill in draughtsman- 
ship who had not attained that skill by the time they had reached 
that age, It was therefore most important to study early, in 
order to gain skill with the pencil, and they sliould make'this 
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a very prorainent aim. Notwithj^Uinliiig what one genUetoau 
kill Bjud lo the contrary, he was huoaelf csonviuceti Umt euter- 
ing Au office with some skill m free-hand drawing waa a great 
advantage. When Ihey got into an office, their time was of 
course taken uj) by technical matters, and the opportunity of 
there learulng the higlier parts of druughtamanship was rarely 
grf;it, Their preliminary knowledge would therefore to a great 
extent fix the atnoiuit which they could afterwarila attain. At 
the anine time he did not consider that line draughtsmanship 
would of itaelf alone niake ayonng man a gtwid architect. The 
architect's busiuea* was not to draw fine buildiiiga» but to build 
thern, und the reason he {Mr. Smith) laid so much stress upon 
drawing w«s, that they might be able to draught their own 
designs, and to 8ha|>e and communicate to others their own 
ideas. Then they required to be well aoc:iuainted with the con- 
structive part of the profession. They ought to know the etfect 
which the features introduced iuto their designs wouM have 
when erected. Unless they understood a great portion of the 
technical knowledge which the workmen had, they would not be 
able Ui get satisfactorily executed. For this re*uion a structural 
knowledge of bnildinsfs was indispensable. But if it could be 
said that of two equal things one was greater than the other, aud 
if structural knowledge and artistic knowledge were the two 
things of equal importance, he would say that artistic know^ledge 
waa greater thAn structural knowledge. It was of great itupor- 
tance to atudenta that they should avail themselves of any 
machinery which was set m motion to assist them* They would 
find the machinery of classes of great help. The reason why, 
with only moderate ability, men who had passed through a goo<l 
school niul college often succeeded remarkably well, was that 
there was such an admirable system of machinery to assist 
in developing their powers. The systematic arrangemtuta for 
the study of architecture in the present day were few and im- 
perfect, and he thought tbia in one respect an advantage. Self- 
reliance was thus aevelopetl in the young architect. There 
was a disadvantage in a perfect system of machinery for educa- 
tion. It tended lo produce a large number of architects of the 
sattie patteru. He (Mr. Smith) had been struck with the 
uniformity of tho most recent architectural work in Paris. 
Une caut»6 of this was, no doubt, the very complete academic 
system of architectural education there, one natural result of 
which was that the architects all designed very much in the 
same style. He was sure that the buildmgs designed by archi- 
tects in the reign of Napoleon HI. could be recognised as of 
this era, and dated to within a year or two, two or three 
hundred years hence, hy future archcts^logista, if the buildings 
remained till that time. This uniformity was greater than 
would suit the genuis of the British nation, or of Britisli archi- 
tecta, aitd showed the bad results of too much machinery. But 
still some sort of educational machinery waa requisite, aud be 
thought the students owed a vast deal to thiii valuable Assoc i- 
iiotit for the efforts which it had made to supply this 

Wfttit* 

Thb Chairmajt had found Mr. Smith's paper so exhaustive, 
that he was glad his position did not require him to say much 
on that occasion; he would only venture on one general remark, 
namely, that the young architects must not be in too great a 
hurry to make their studies remunerative. There was so much 
to leara^ and so much to be thought of, that one felt ouite over- 
whelmed, until tho requirements of business recalled one to a 
practical state of mind. He considered the discussion had been 
Tery good, aud hoped that the evening** debate would lead to the 
earnest study of professional duties. 
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At the meeting on the 20th ult, the following ootices of altera- 
tion in the rules of the Association were giveu. The a)tei*ntions 
to be considered at the special business meeting, on the 4th, inst. 

Proposed by Mr. T* R, Smith, and seconded by Mr, Lewig, that 
iu the rule No. 4, the words "* two vice-presidents'* be substituted 
for the words "vice-president'* and that tu rule 5, the words *' more 
than" be inserted next before the words "two successive years.** 

Proposed by Mr. Eidge and seconded by Mr, Florence, as an 
amendment ou the proposed alteration of rule 5, that that rule 
should stand thus, **The office of president cannot be held by any 
member for two successive years, or that of vice- president for 
more than two successive years. 



The difficulties and dangers of our street.^ about which so 
mucli has, during a century Jind a half, been said and sung, are 
agnin tlie theme ^f many voices. If we were not the grave and 
delibt»nite people that we are, if our cnnstitutiouat immobility 
did not at inconvenient moments still betruy the eastern origin 
of our race, we might trust that the reformntioa in our thorough- 
fares, which has so long been demanded by sage and eatinat, 
would set in with a swift aud steady tide. We have in TVin^ it 
lively treatise ou the Art of Wnlking in the Streets of London, 
much of which might be giveu in sober earnest now. Many of 
the old evils, often too in the old spots, may yet be found sur- 
viving Ga/s satire, and terribly vital uiill In spite of all that 
has t^-eu done of late years tendiug to the improvement of cmr 
streets, we are driveu to ask whether our works of public ulihtj 
are keeping pace with our advancement in intelligence, in num- 
bei^ aud in wealth. Une of these powers bos indeed been 
steadily demanding Ibr itself a larger measure of regard. Num- 
bers kive an inexonible lt»gic, nml now that we are proved to 
have packed oHiijelves so closely that tliere is not alone the 
certainty of interruption in our business, but a very appreciable 
uak of making an end of our business and ourselves once for all, 
it is likely that reform may be thought about in earnest. For if 
we are to believe that increase of population, of business, and of 
intelligence, must prmluce a proportionable decrease of comfort, 
oojivenience, and safely, it may be worth considering whether 
the attraction of the people uiwards towns is not a mistake. If 
the increase of wealth upon a given area renders the people leas 
able to provide for themselves that facility of intercourse which 
is one of the great advantages of wealth, it may seem that a little 
more i-epulaiou amongst the atoms of population would be whole- 
8<*me [jermaneutly, as we know it to be lemporarily agreeable. 

We know however that there ic» no necessary connexion between 
commercial pnasperity aud public inconvenience. Tliat to keep 
the thoroughfares of Loudou in a state of cleanliness and con- i 

venieiice very much in advance of their present condition, is m 
matter quite within the reach of its wealth, and the skill of ite 
public otticers. Will those who represent the tax-payers have tl>e 
coumge to say that this necessary work shall be done, or mtist we 
wait till some wise aud strong govertiment shatl lake the maitage- 
nieut of their affairs out of their hedtating hands ? The evils of 
our present condition are too patent, and have been recognised too 
often in Parliament aud in public, to need formal proof here« 
but it ia not often that we nave fmm competent authority a 
clear analysis of the pn>cessea by which people proceed to elbow 
each other out of comfortable existence, and a plaiu statemeni r 
of the results aud the needful remeiiies, ^H 

Mr, W. Haywood the eugineer to the Commissioners of (Mf ^| 
Sewei-s has in his report to the Commissiou given such a 
treatise on the stnte of the city aud its wants in respect of 
highways. It is one of those reports which during several 
ye-AVA have occasionally come from the same hand, and treating 
of various questions pertaining to the health aud comfort of 
the community. We have here the views of the responsible 
officer of a governing body which has interests of unequalled 
magnitude under its charge, aud the value of those Tiews ia 
not diminished when it is seen that they are given without 
that reserve and circumlocution which are erroneously supposed 
to be peculiarly official. 

Loudou City is only the core of the Metropolis, and Mr. Hiy- 
wood does not sever it entirely from that of which it is but 
a [mrt, though in many respects the most important part. He 
treats first of the Metropolis and its great centres of tnifRc 
Then of the City proper, and the great streams of traffic which. 
set iu towards it. Lastly, of the improvements that are seeded 
to meet its necessities. The extracts which follow wiU show 
how he deals with these matters. 

'^ In order to take the broad and comprehensive view which tlie 
Bubject demuids, I mva% refer to the whole Metropc^ift, for I shall be 
Qivabled to thow that a large portion of iti inhabitants hav« the zoctl 
direct interest in the City, going to and from it daily, spending witliin 
itji limits the largest portion of their active life, earning therein their 
livelihood, and forming the bulk of the traffic which encumbers its 
streets^ It is, indeed, for the conreaieaoe of this vaat multitude, whieh 
resides ia the HetropoUs sokly because of its coatiguity to the Oitj, 

* Bflport QnoQ t]»B tVmfDc mmI Iti.proYero«iit« in tli« PttbUc Wa|s of Ibe Qtj af 
Ltiodoii. Br William Eirvood, M. Intt. P ffi^f It f Tt A , UnfliMMir taA 8arf«9Qr 
to iho Bonomilila OCTiamtiiiini of City Scwar^ llwdt Stot, 134^"" 
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^xtd wlfctB iU resifleiicei mAiulj with ibe view to the facJiitj with which 
Uie Oily CMk be reached, th&t impruvemeotft in the thoroughfares Are 
prifM&piay Meded. 

TIm |io|iiiktkio of the Mt^tropolis was, in ISOl, 956,8^3; 1^11, 
lJ3S,iJl5; 1821, 1,378,947; 1831, 1,654,994; 1841» 1,948,417; 1851, 
2,302.28(5 r 1861,2,803,1*89, 

Fnita theie figarei it will be soen that th-? total imptilfttinn in 1861 
WM ibroe times that of 1801, it havitij^ tn^bletl tt-^lf id do years. 

By tfeo same figures it may l>c caloukted that the metnlpolitjm popn- 
ladnn doublea itcelf in iibniut fcnty yean, and this has beeii the rate of 
increaae unce the heginning' of tlie present century — thoae sixty ytjors 
coTor periods of oommerciali diHtresB, political dlHtttfection, kin^ ex h mi at* 
vag wars, fjuniae and pestilence, and alt Uui««e aj^nciee which nili^ht 
liaire been expected to retard it« growth, and tliis may therefore he 
fftirhr wmimed as the rate of iucreii.w at the present day. 

Toe question of population tiiay, however, raise much upeculation, 
leadiim^ to views adverse to thcwe herein set forth, for such adverse views 
ha^e been frequently expresaed during the hist thirty years ^and probably 
At all times), but experience han hitbertn heen unifijnn in itH contra- 
didion of them. It is possible, no doubt, that they may at lenijth be 
true, and that all other views as to the future of the Metro|K>li4 inay 
pnve to have been false, but tlie prmctical method of de^iiitig with 
a aiaUer of this kind is to use the experienoe which is cleiirly l>efore iw, 
ralliei' than depend upon theories which, however plausible, have 
hitherto proved i^tlocious. 

Now the population in 1805 was computed to be 2,J)93,513, which in 
rowid nnmbers I will call 3,000,000, therefore in forty years hence it 
may be expeeted to be (J,&0O,OOO, and it in for the wants of thia future, 
as well M for those of the prcsenL commnnity, in respect of high ways, 
that pri> vision must now be made. . , # . . 

Now ihoald the population double itself in the next forty years, the 
iDeaQ annoal r»te of increase dnring that period will be aU»ut 75,000, 
mad at the expiration of the forty years, perhaps forty or fifty s<{uare 
■Dilee of open country will he covered, more or less clcjsely, with homes 
lor the additiodal three millionj! of inhabitantfi which will then exist. 

Bdt there are other causes which have arisen of late yei^r^, tending 
Lufgely to disperse and radiate that part of the existing popuktioo which 
is above the operative classes, the principal agency being the facilities 
fortraosit offered by railways. The tendency of that class undoubtedly 
iito seek cheaper leeidences and a purer atmosphere, ami, ctfui«C(|nently, 
to enroaeh stilt farther upon the open area now round the Metropollw, so 
that, probably, sixty square miles of open country, if not a cnnsiderably 
larger area, will he covered and occupied forty years hence, or by the 
tiiDe the population reaches 6,000.000. 

For facility of access to the City, a large portion of that population 
wfll settle down as near to it aa possible. It ban been seeo that the 
dirtncte in the centre are ahneady densely inhabited (and indeed the 
ailhurbe within a radius of 2| miles from Blftckfriars-brid^ are now 
doeely populated^, therefore the thickly p^^pulated area w§l annually 
extend farther and fojlher from the Cfmimercial centre, and the means of 
traiuit, unless ample provision be made at onoe, will be more and more 
difficult to obtain. As eomomy in time is of the highest importance m 
% commercial community, this difficulty mast be obviated as far afl 
IMvdble, and should be well considered and arranged for at the present 
a ay. This is u subject requiring the immedkte attention of the rulers of 
the Metropolis. 

Had the metropolitan authorities foreseen in past years this vast 
aqgrnentadon of population^ they might have provided, at but small 
compantlive cost* larger and more convenient highways to meet the 
exi^enciee which have already arisen or must soon arise. As matters 
stand, it is probable that relief in ust be sought mainly in the construction 
of lines of railway to carry the suburban traffic. These railways have 
been termed, not inaptly, omnibus lines, as they carry that class of 
traffic which previously tt» their introduction had l)een carried mainly 
tiT omnibus ; and these lines must l>e at letist co-extensive with all the 
main lines of highway out of London, and should be laid out upon a 
ntofv complete and comprehensive system than has hitherto been 
Ktbempted, 

Bat although railway conveyance must soon W used to a large extent 
by all cImws of society in the'Metm[»f)lis, and will no doubt supply m a 
giealer degree the m^ans of transit as the distance of the inhabited portion 
«Kleild« fiarther from the City, it will never obviate the usage of other 
▼eiuclea. For, as the wealth of the Metropolis increases, indifierenoe to 
expenditure increases also, and the employment of cabs and caniupes of 
other descriptions, which give a convenience and luxury that a nulway 
caiuot afiorrl, will be stUl greater than at the present mdy. Although, 
theiefviB, railways must prevent the vast and rapid increase in public 
▼ehkJet which otherwise would be an absolute necessity^ still the vehi- 
calar traffic will increase, and it is for this that prr»vision must be made 
in the highways and thoroughfares of the Metropolis, ande specially in 
those which lead to or are within the City, or such as may relieve the 
Cit^ from traffic needlessly passing through it. 

indeed, highways and railways should be considered together ae one 
q[iiMtian, for they are now concurrent necessities which may be made to 
assist each Other greatly. It is a subject lo preesingj that not a 4o7 



should be lost tu entering npm the consideration : to delay is lio ignore 
th«:r tea^^liiu'^ of the hut half century, and U« dimiiiisb the clmnce '»f 
remedying the imufficiency in thd thorougli fares, which u greuter than 
in any metrrtpolis or town in Europe. 

it is not, hf)vvf ver, needful t"> enter into the qii€4*tion in its fulness 
here, It i«i sought only in these preliminary remarks to draw attention 
t> broa^l indifipy table facta, which, in their future effect upon the metro, 
politan traf!i<j, h.^ve never yet been sufficiently appreciated ; to show the 
vast pupuUtion which is in the arlveot ; the li&r^e area of gnnind it must 
cover with its habitations; the iucreasing distance those habitations 
must be from the centre ; the traffic the population wUI generate ; and 
the necesMity which tlierefore exists for welldesigned hues of highway 
to meet its requirements. 

I now pDK-ced to show how the City in reipect of traffic will be 
af^cted by this pqmlation 

The Gbkat Centres ok THArric. 

There iiiAy be said to be two centres of traffic in the Metropolis the 
goveramental centre, and the commercial centre; the one being at 
Westminster, the other within the City. 

The gnvcmtnental centre comprises alio what may l>e termofl the 
centre of pleasure. It oomprrhenik tlit: quarters inhabited by the 
nobihty, gentry, and wealthy classes of England^ imd those attracted 
to the Metropolis during tlie Lorid<m seSNou by parliamentary business 
or for amusement ; and is thus localised by the position of the royal 
palaces and the Houses of 1 Parliament. It lias its own special traffic ! 
at all times, but its more important traffic liu but a seas4)n, and that 
season is detennined by tbe sitting of the Ir^-^lature. 

The commercial centre of tlie Metropolis is the City, and the spot of 
moat iujpurtance within its limits is the Bank of Kngknd, which is 
usually, Imt erroneously, thought to lie the point to wbich all the traffic of 
the City gravitates ; it b, doubtless, the point to which all comtnerdal 
transactions must tend, and to which, pLrii>dically. nnwt of the business 
men of the Metropolis and City wend their way; but tiiueh of the daily 
traffic either d4>ea not go to the Bank,. <>r, if so, only because there are at 
present no either main lines which jnildic vehicles can t*lce excepting 
those which approach it, and these therefore still preat^nt, with all tlieir 
encumbrances, the best mute to and fmm the various places of business. 

I now proceed Uy the consideration of the elements which contribute 
ki the traffic of the City, and the conditions under which it moves 
within tbe City. 

ABEA, POPCLATIOH, THOBODOHPAttCfl) ASTD T&AFFrC 07 THE CiTT. 

Arka. — Tbe area of the City, within the muncipa! limits, is ^31 
acres, or nearly one square mile Acconiing to the divisions of the 
Superintendent Registrar of Births and Deaths, the area is 725 acres ; 
deducting the water, 67, there remains of knd 65^ acres. This is 27 
acres in excess of the true arefi of the City, and the population retunis 
here used refer to the larger area,; the areas and statistics of the 
thoroughfares must^ however, necessarily refer to the true City area of 
631 acres. 

PoPULATio?!.— The populutiiiu of tbe City was as follows at the 
periods given :^In 1801 the number of inhabitants was 128.833; in 
1811, 121,124; in 1821, 125J>H5; in 1831, 123,608; in 1841, 124,717; 
in 1851, 129,123: in 1861, 113,587. 

It was, therefore, nearly stationary for a period of fifty years, but at 
the last decennial peri^xt was manifestly decreasing, and was, perhaps, 
lower than it had been for centuries. 

Tlie |»opulation of 1861 was lodged in 13,431 boutes, whieh ii at the 
rate of 8| inhabitants to each hoUfU). 

For the purpose of this pt^pulation, and of all the traffic which 
belongs to it^ the thoroughfares of the City would lie more than sufficient. 
It Lfl obvious that it is not for th«ir accommodatiou that improvementa 
are needed, and yet the smaUness of the area of the City, and the small- 
ness of its sleeping population in &imparison with the whole Metropoli% 
are not unfrequendy dwelt upon by those who find it convenient to esti- ■ 
mate the City's importauoe according to the space it fills in the Census 
Tables, and the number of square yards of ground it covers. 

Nor will the sleeping populatioti increase, inasmuch as the demand for 
space for commercial purposes, and ihe construction of new streets, 
markets, and public buildings, wiU gradually and fortunately sweep 
away the houses which are now so densely inhabited. In their place 
will arise va«t warehouses and structures full of human life in the day, 
and all but tenantless at night, and each succeeding census for many 
years to come may be expected to show a diminution in the City popula^ 
taon. The traffic in the City is, therefore, not materially caosed by, nor 
is it likely to be augmented by its sleeping population. 

The present sleeping population, thereJFore, neither lepie a cn ti the 
actual poptdation, nor the vaetnesss of the Ci^ in any respect ; for it is 
mainly composed of the pooter clanes, or of thoee left in charge of the 
various premises, and year by year it will t»e lees a representative of the 
City in any way, although its diminution will indicate the lecurity the 
merchants and trwlers of the City enjoy in being able so to leave their ^ 
▼ast proj>erty U> the pnttection of the City police. 

The public ways may be divided approximately, la follows: — 7 imUm ' 
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or raam thoroughfare, 28 miles of oolklerml thoroughfare, 15 miles oC 
minor «tfeet« mv\ court*, alleys, panacea, &c. There were in 1860 alto- 
gether 43 pfunta of Inlet to the City, the total traffic of which waa, on 
certain days, taken by the poUoe. Of tbeee ioletB^ 8 were hndges^ 33 
had carriagie ways and footways^ 3 had footways only, 6 were eteamboftt 
piers, 2 wer« waterside stairs, 1 was a railway station; total, 4S. At the 
present tinio there are four additional railway «tation« which are inlets, 
hut, as no gi+neral tinumeration of the traffic of all classes haw Ixjtsn made 
niiic^ 1860, 1 mmt herein rcfor tu the traffic^ and ttio conditions affticting 
it, as they existed in that year. 

The total number of persons enterinjf the City npon a day in May 
1S48, between 8 a.m. and 5 p.m. (& period of nine hours) ^ waa 315,099* 
The metropolitan popuktion in 1860 waa 2,240,289, and may be 
assumed in 1?^48 to have been, in round numbers, 2,200,1100, thus there 
entered the City, during a period of nine of the busiest hours of a day, in 
1^43, a number equal to one-seventh of the whole metropolitan popular 
tlon. In May 1860 (twdve years afterwards), the traffic was again 
taken, and it was found tnat, during twenty-four hoars, the total num- 
ber of persons entering the City was 706.621. No means now exist of 
separating this return, so as to arrive at the number which entered the 
City between 9 a.m. and 5 p.m>, and an eicact comparison with the 
return uf 1848 cannot be made. I take, therefore, the return between 
the hours of 7 a.m. and 7 p.m*, in 1860 (twelve hours), when there 
entered the City 527,636 people. 

Now, in 1860, the metropolitan population was estimated at 2,829,130; 
thorefoTO, during twelve of the busy bours of a day in that year, tbere 
entered the City a number of human beings equal to nearly one- fifth of 
tlie whole metmpulitan papulation. And as the total numljer which 
entered duriu)^ the twenty-four hours was 706,621, it was equal t«j ono- 
fourth port of the whole metr*:>politan population* 

Aa the trafBc has increased Niiice 1 860, it may be computed that there 
now passes into the City tlaily three quarters of a imllion of human 
beings, ftnd that the «ame number passes out at night, leaying but ita 
Tesidential or steeping population of 113,337; and this vast daily influx 
is equal to one fourth part of the whole metropolitan pnpulation, and 
equal to the combined population of the pari&bes of St. Marylelione, St, 
Pancraa, SL Gei>rge'8, Hanover •bqnarei Jfiliugton, and Laml>eth, aa they 
existe*! in 1861. 

Comparing it ako with the population on the registration districts of 
some of the largest toviTis in the United Kingdom in 1B61, it was erjual 
to nearly three times the entire population of Ltveri>ool, more than three 
times that of Birmingham, four times that of Maricnester, and added to 
the sleeping population, to more than the total population of Dublin, 
Edinburgh, and Glasgow combined. And this is the true popalatton of 
the City, for although not residential^, niofrt of its waking existence ia 
spent within the City limits, and it compriBes mainly the owners of the 
Cit\' property, and the creators uf its wealthy importance, and traffic. 

VKHiciTi^Ji Tkaffic. — The great impediment in the streets is owinj^ 
to the vehicles, therefore consideration must now be specially given to 
that branch of the subject; and aa a general opinion upon this point 
may be best formed by bringing to your notice the large inoreaas whioli 
has taken place upon the thoroughfares hi the City, despite the relief 
which has been given by the construction of new lines of street and rail* 
ways, I append a table showing the traffic at important points at periods 
fifteen years apart:— 
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The total nunil>er of vehicles which passed over the bridges in twenty- 
four hours, according? to tlie latest ofwprvations in my posse&^ion, wae as 
f"t!ow»:— London- bridge, 25,960 vehicles, in June 1863; Southwark- 
bridge, 1094; Black friarahndgc. 10, ♦153. 

By the foregoing table it »eems that the mean increase of vehicular 
traffic at the eight priricifkfti City inlet* was 5tf'5"( per cent, in fifteen 

? rears; whereas, during the eame period, the metriipoiitan pojJuUtkm ha^l 
>ut increased 33*62 per cent.: the rate of increase in vehicular traffic 
w^iii, therefore, far greater than the rate of increase in the population of 
the Metropolis. ..... 

* * 91nee ftiratbirark brM«e wai op«D«4 lol] CbM. 



F£DK8TRIAN TaAFFic—The question of the aooommodation for ihm 
carriage traffic must always take priority in such oonsiderations aa the 
preiient, because it is that which suffers roost from the want of spaoe^ 
not having, from its very character, the power of ad^ptiitg itself to dx^ 
cumstances, which the pedestrian traffic nas; yet traveUets in vehidet in 
the City are as but one to every three on foot, and almost everyone is at 
some period a pedestrian in the City; their comfort and convemeaue 
when on foot should therefore not be forgotten. . ♦ . , , 

The circulation of pedestrian traffic when within the City may be seen 
by referenoe to obeervations made in other places in 1863, when between 
8 a.m. and 5 p.m. the following number crossed over the carriageways 
of some of the principal thoroughfares :■ — At the junction of Alansson 
House-street, Princes- street, Threadneedle-stieett Condiill, and Kjng 
William-street^ there crtjased over in various directionB 56,236 persons. 
At the junction of King William^strcet, I'annon-Htreet, and Graoeeliurcii- 
street, by the King William Statue, there croesed over tn Tacioaa 
directions, 42,395; at the junotioa ol Ladgato-MU, Fleet-skioel^ 
Farringdon-street, and New Bridge-street, there crossed over in varioiia 
directions, 37,075 ; at the jimction of Comhill, LeadenhoU- street^ 
Gracechureh-street, and Bishoptgato, there crosacd over in Tariooi 
directiona, 28,080, 

The foot traffic is therefore more vast numerically than the carriage 
traffic, and its activity and circtdation in all parts is more surprising : 
and although stoppages do not actually take pUoe through the mgttg^r 
Uon of the foot traffic, nevertheless the discomfort in some f£»s ia 
upon ordinary occasions considerable, and on wet days (there are 157 
days aimually upon which rain faUs more or less in London) the di^ 
comfort is very great. 

£n most of the streets in tho centre of the City the footway might be 
widened with advantage, whilst in others a widening is esMotial for 
celerity of movement as well as for safety; and of some few tbortvugh- 
fares it may be said, that if the whole of the caniageway was turned 
into footway, it would not more than comfortably accommodate the 
pedestrians. 

CoMP()f!tTiON OF Tbjlffic. — Of the traffic generally, sooie paetes 
through the City on its route to other parts of Uie Metropolis; another 
portion stops but for a short time within it; but the largest number of 
persons are some houins therein transaoting their business, or pses the 
whole day within its limits. 

On coiv'^i deration of the foregoing figoroa, the vastnees of the City 
tmific, both {>6destrian and vehicular, will, be seen and apfiracsaled; the 
conditions under which it moves within Uie restricted thoronghfu^ea ef 
tho City will be understood ; and the necessity for extensive improw 
ments will be admitted. 

It will also be clearly seen that the traffic for which increaeed 
convenience in the public- ways b needed, is not due alone to the resi- 
dential population of tho City, but is generated mainly by that large 
section of the metrojiolitan inhabitants to which the City is a pUoe of 
daily resort. 

It is nut, however, confined to those, but varies in its oonstitfienls, and 
comprises all classes of sodety, from the highest to the very humbleet io 
the social scale. Thus there are 68 Meonbera of Parliament who have 
offices within the City^ and are to be found there daily throiighoeift Iftrge 
p4jrtion of the year, and many other ^Members of Parliameiil h^vm 
business interests in the City, even although they nominally have no 
occupation there. Au 1 of that large class who are directors of tliA 
commercial undertakings which must have a home in the ooeunercial 
centre, there are 56 Peers of the Bealnif 132 Members of FariiaBMOtp 
and altogether as many as 589 titled and distinguished peraonagee, wboae 
directori^ duties bring them frequently within ita precincts. 

It may be said, then, that the City is the scene of the daily la.bonr 
of hundreds of thousands whose homes are in the MetropoUe, or even 
far l^eyond its broad area, and that within the City are the oentpee of the 
industry and commerce of aknost the whole eounizy. For altiioegli thsve 
Are other places in England which are the homM of specisJ iaaeetrieey 
and of a sp^^ial commerce, there is scarod^y a manufacturer of zv>le, or 
merchant of celebrity, in the whole nation^ who has not his offiee or fait 
agent in the City, and doe-s not at times \isit it peteoually, and it ia 
this c<jmbitiation of interests that causes the vast tnffit which daily 
fills it. 

Yearly this traffic has Increased, and y^rly it may be expected l» 
increase, for the same inBuenoes are operatmg which have erected it ; 
and if It shoukl continue to augment only in the same ntio ee llie 
metmrnilitan population (and it has Utberto exceeded it), then in twenty 
years hence the doily InHux to the City will be more than a niOion, and 
m forty years a million and a half of human beings; and, ther«fone, if 
for tlie wants nf the present traffic atone improved thereughfarttf are 
needed, how much provision should be made for the -futere f The 
whole MHro|]oii8, and in a degree the whole of England^ i^ indeed, 
interested in this provision being made. 

The Gbiat Stmakb op Traffio, 
There are v&rioufi currents of traffic in the City, but the whole may be 
said bo move chiefly upon two litw^— fix^ that passiz^ between the 
mtrth and south ; second, that parsing between the east and wesl 
These may be subdivided into several smaller streami of traffic, buV 
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__ mmny the inlete to the Citjr, the tiufiSo entering by tbem, before 

H reaohei ite dettinfttiotL, it nearly certain to mix with one or other of 
the l*rger ftT«&tnfl. The dipwction and compositioii of the eeveral 
etretttiw of traffic imrJ the coDditioDii under which they are formed, mutt 
ihefvlore b© inquu^d into. 

The nufth and »onth traffic ii divided into three principal Btrt^ftms — 
tlwi which paMef over London-bridge ; that over Southwark-bridge , 
and that over Blackfriara-bridge. 

I^mdoD- bridge with iti approaohes ii the moBt important, and con- 
tftztntes a line whioh, next to the east and west line» ib more imideqtmte 
to the public wants than any thornnghlare in the Met3Y)polis. London* 
bridge m the only roadway acrofis the Thames, for the population of a 
gre*t •»•» ftretohing far away into Essex on the north eide, and Kent 
CD the aonth eride of the river; it is true that part of thifl pjpulntion 
might go to the river banks and cross over in boats, but the vehicular 
traffic mnat pass by the way of London -bridge. 

East of a straighi line dmwn five miles to the north and five miles to 
the south of London-bridge^ are comprised the following metropolitan 
diBtricts r—On the north side — Bethnal- green, Blackwall, Bromley, Bow, 
Dalatois, Hackney, Haggterstone, Homerton, Hoiton, Kingaland. Lime- 
bmae. Mile-end, Plaiatow, Foplnr, Ratcliff, St. George-in- the- East, 
BhadweU, Shoreditch, Stamford- hill, Htepney, Stoke Newington, Stn*t- 
* ' Upper and Lower Clapton, West Ham, Whitechapel. These 
in 18dl had a population of 667,000. On the south side-^ 
?y, Camberwell, Deptford, Dulwich, Greenwich, Lee, Lewis- 
New Cross. Peckham, Eotherhithe, St. Olavc. 8outhwark, 
These districts in 1861 had a population of 282,000, 

The oeifmlnned population north an<l south was, therefore, 940,000 ; 
and IB now probably fully a miliion, or equal in numbers to one- third of 
the metropolitan population ; and t6 this must be added difrtricta to the 
weift of the line, and others farther to the north, south, and east, for 
which London-bridge k the only highway over the Thames. In all of 
these the population is fast incroasing, and in some of them faster than 

any <'ther districts of the Metropolis. 

The north-east and east will iurleed probably be the home of much of 
fnture industrial population, and the souui and south-eaet will be 
"■ ooonpied by those who form the great bo*]y of the commercial 
nty of London. These will generate a vast traffic of pedestrians 
mad quick moving vehioka, whilst for miles down the river on either 
bank^ docks, warehouieB, and mannJaetories are multiplying and croa- 
^Og traffic of a cumbersome and alow character. 

For the traffi^c of this great coraju unity, already equal to four of the 
Iftrgttst towns of England, there is but one bridge or highway over the 
litw, having a width of carriage-way of 85 feet, and a total width of but 

the yesf 1850, the vehicular traffic passing over London-bridge 
ecn the houn of eight a,m. and eight p.m. was about 18,000, in 
(0 it was 16,000» showing an increase of about 2S percent, in ten years. 
Kow in September 18d0, the Brighton Railway Company opened its 
' '' Pimlico, and much traffic which at that time passed over the 
wa* diverted, and to this day it continues largely to prevent 
ic from pnseing through the City, 
In the year 1864, the South* £aiitern Batlway Company's ejrtenxion 
to Charmg^roBs was opened ; that also effected a diversion of traffic from 
lioodon-bridge, and has continued to do so, ina«iDUch as at the present 
time three-fourths of the whole of the continental and Hastings traffic 
of that sulway is booked at the Charing-cross terminus. 

New Sonthwark-stroet was opened from the Borough to South wark- 
bridge-road early in 1862, and to the Blaokfriara-road early in January 
1364 ; it gave a shorter and unimpeded nmte to the w^ and north-west 
of London, and immediately developed a laxg« traffic. This tiaffic in 
November 1865, had reached 5700 v«hiclea, which comprised many that 
would have passed ovar London- bridge had this new street not been 
formed. 
On the 8th of November, 18Q4, Southwark-bridge was opened toE 
— - previomdy to that date its traffic had scarcely ever reached 1000 
I daily (8 a.m. to 8 p.m.), but it almost immtiiately rt«e to 3000, 
November 1865, had reached 4700 during the same hours; this 
urease of 8700 vehiclesi daily, a very large portion of which was, 
doubtless, taken away from London-bridge. 

"*1U8 we have ha^ the Brighton Railway extenrled to Pimlico, and 

South- EiiAtem extended to Charing* cross ; South vrark-street opened 

1864, and Southwark-bridge made free of toll at the end of tht^ same 

kT ; all four causing the diversion of a very larg« amount of traffic fpom 

ondMubridge ; but, nevertheless, in July 1865, the traffic upon 

idonbiidge was 19,400 vehides, whiah was a larger number by 

than passed over it during the same hours in Uie year 3860, 

»rB either the railways, the new street^ or the bridge had been 

netl, . . . , 

the present time, the whole line from St. George's Church, in the 

-*^ to beyond Norton Folgatc, is, with the exception of the wide 

iRhonAsrate-sti^et, to ecoumbered with vehicles during the bu.sy 

mfur- that it is impossible to proceed along it at a rate of 

BMJTs. io live miles per hour: whilst between Liverpool -street 

bouikwark-street, the fate rarely exiseeds three-aad-f^balf miles per 




hour, and aa the population uicreases, and the traffic gets greats, even 
thi« rate of progress will not be obtained. 

New Bridoi and Appboacitbs. — There is but one complete remedy 
for this, which is the formation of a new bridge or a tunnel, with suit- 
able approaches, lower down the river than London bridge. 

A bridge so situatedt with approaches opening for a sufficient distance, 
both north and south, would not only relieve London-bridg**, but would 
relieve efTectually the whole line of street from the Elephant and Castle 
to Shoreditch Church, as it would also ease Eastcheap, Fenchurch-straet^ 
Ifsadenhall-street, and many other thoroughfares of the City, and would 
prevent, in a tatge degree, the conflict which arises between the east and 
west traffic whenever they cross each other, afford great facilities for 
business, and an immense convenience to a vast and increasing population. 

I am aware of the great interests which wonld be hiterfered with by 
the oonatniction of this bridge,-^! am aware of the large sum of money 
which would be required, although I believe that the ocet is exa^gerateil 
in the minds of most; but whatevsr the interesta may be, and whr^tcver 
the cost may be, sooner or later a bridge or tunnel must be built lower 
down the river. Nothing else will efffctually relieve London bridge at 
the present day, and notliijig else will satisfy the requirements of the 
vast population which will, within the next forty years, exist east of 
London bridge, and it is to be hoped this necessity will be boldly faced 
at once, and not be postijoned until the period when it will cost double 
the outlay now needed, however great that outlay might be. 

The widening of London-bridge by throwing out footway b on cither 
Bide should be adverted to. This is phyflically practicable, althoogh it 
oould only be carried out to the otter destroctton of the architecture of 
one of the finest bridges of Europe; it would not, however, help the diffi- 
culty of the traffic, as it is upon the approaches to the bridge on each 
Bide where the obstniotioni mainly take place. At both of those spelts 
there is the confluence of several Streams of traffic : the carriage-ways it 
is true are there not quite as narrow as the bridge itself, but they are 
subject to carts standing to load and unload, which the bridge \l not; 
and, therefore, widening the briilge would be useless unless the 
approaches were made wider also. 

The approaches inchide, on the sonth side of the river, the whole fine 
frem St. George's Church in the Borough Uy the bridy^; and on the 
north side, the southern branch of King William- street, and the whole 
of Gracechureh-str«»ei and Bisbopagate-street Within; the coat of widen- 
ing these thoroughfares alone would probably go far towards constructr- 
ing i| new bridge with proficr approaches. 

It (S, however, fundamentally an error to make streets and bridges of 
very great width; largo streets are more costly, they are also in one 
respect inconvement, they lead to concentration of traffic, and if stopped 
or impedeii (as at times they must be), the public inconvenience is very 
groatj—difFusion and not eonoentration of traffic shuuld be the object in 
devising the thoroughfares of large towns— alternative lines give the 
most convenience— and as a principle it may be said that it is far better 
to have two bridges, each of 50 feet in width, than one of 100 feet in 
width, even if the cost were greater for the two than the one, 

Mr. Iliiywood examinea into the utility of Southwark-bridge^ 
and gives his coo clns ions : 

"It is not probable, therefore, that it ever will be bo great ft 
relief to Loodon-bridge as some have anticipated, unless by the agency 
of police regulations enforcing its usage. Nevertheless, situated as 
it is in the midst of so dense a population, with its ever-inorea8in|; 
traffic, and forming as it does the only highway over the river between i 
Blackf^iars and Loudon Bridges, Sooth wark- bridge should be purehated, 
and the toll bo removed from it for over. 

Indeed, as a principle there ought to be no toll bridge in the 
Metropolis ; directly the necessities are so great that another bridge 
IS needful, it should be built out of the public funds; and with regard 
to the existing toll bridges, as far as to and including Vauxhall-bridge, 
they should be purchased, and the toll be taken off as sp^dily oB 
posBibb. 

It may be desirable to add a few words, specially with regard to the 
purehase of Southwark-bridge. 

If the Corporation should be unable to agree with its proprietor! 
as to price, application should be made to Parliament for power to t^e 
tt compuborily, and determine the basis of compensatioD, or the prooess 
by which it should be determined. The commercial value to its pro- 
pri store is not a difficult matter to arrive at, for it has been opened 
forty-seven years, yet has never paid one farthing mterest upon itB 
original capital, and but one-and-a-half per cent, upon its preference 
capital of £150,000, nor is there the remotest probability of its ever 
flaying more, for the traffic thai naturally aoemes to it cannot b«) great ; 
its gradients are bad, iu width is small, and as years roll on the 
expenses of its maintenance may Iw expected to increase. Oa the other 
band, eighteen months of freedom from toll leaws its present vehicular 
traffic under 5000 daily (its traffic previously being about 1000), 
and its footway traffic 12,300 in the same time (it previously being 
abont 1400 per day) ; and the toll which might have been due fhwn 
thrse would represent an extravagant estimate of its value to tha 
public, inaimuch as it Is clear that none of the additional traffic thought 
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it worth while to ffty Id. or 2d, ioU for the privilege of paitiog orer 
it. With theM oooditioDa before qs, and hAviog due regard to ite 
itrength And permAneticj am b etructure^ it appean to mo thAt a tribunal 
might be found to determine closely a just competiSAtioQ to ita pro- 
prietArjr, And if aU meaaurea fail by which the purchsiae oati be effeotod 
At ite true vtilue, a new bridge, nciarer to London- bridge^ with good 
Approaches, with good gnbdienta, and ample width, should be buUt; 
and whether the propdetora of South wark bridge would then be entitled 
to conipenAatton for what lo them is almost a ufieleos atructurej U A 
point upon which I need not enter now, 

TttB East a.vd Wk3t TaAPFic— The traffic which passes into and 
through the City from the west may bo divided Into two ttroams, which 
ultimately lead it to and past the Bank. The«e mfty be t«rmod gamnAlj 
tlio north-west and south-west lines of traffic. 

Tbe traffic of the north and nor^-wcat ia ooHected by the line of 
Oxford-street And Hoi bom, and includes that from the districte which 
lie upon and beyond fiayswater^ £4dgw&re, Tottenham-court, and Gray's- 
inn Koada, and a large district tying to the south of the tine of Oxford- 
street. Thcae districts oumpiise a Taat area of residential property of 
the better class, inhabited nuiuily by thoae whose bncineM brings them 
to the City frequently, if not daily. This traffic enters the City at 
Holbom, poftdea through Rkinner-street and Newgate-atreet, and meets 
the traffic of Islington and Clerkeuwell at the weatem end of Cheapside. 

The purely we«tcm traffic is collected mainly by Piccadilly, and is 
joined at Chartng-croiBS by the south- weslerQ traffic coming from West- 
minuter and the diatricts which lie beyond the line of Victoria^treet* 
The united streams of western and south-western traffic pass abng the 
Strand, enter the City at Temple-bar, and pass through Fleet-street* 
Ludgate-hill, and St, 'Paurs-churohyard ; then, with the exception of 
that portion which leaves the stream at Cannon- street, this traffic also 
arrives at the western end of Cheapside. 

Now the whole line from Tern pie- bar to Cheapside ia inau^cient for 
ita vehicular traffic ; the line from Hoi bom- hill to Newgateatrcet is less 
so \ but Newgate-street itself is so overcharged that it i^ already evident 
it should have been widened to seventy feet instead of fifty feet. 

These two atreama of western traffic, each of which ia t*»o great for 
the channel through which it paa«e«, then meet, and are compressed at 
the wratem end of Cheapside into the one chaimel not very much wider 
thin either of them fteparatelv, and thence the united stream struggles 
tlirough the Poultry towaroa the Bank, throwing off or receiving, 
mixing, and cUshing with the colkteral and local traffic which meets }t 
at right angles from the streets north and south of Cheapside. At the 
Bftnk a diversion takes phioe, one portion going by way of Leadenhall- 
street and Fenohurch-street, the other turning off by King WilluMn-at., 
to Easicheap and London- bridge. Although somewJtiat relieved by this, 
yet, eastward of the Bank, the line of atreets is barely sufficient, and 
the extreme difficulty and oonfuaion recommences at the eastern enda of 
Corrdiill and Fenohurch-street, and alB4:> of Cannon- street, where the con- 
centrated north and south traffic of London-bridge meets the east and 
west traffic at right angles ; and fn>m thence to the CHty boundary, both 
ofi the Leadenhall street, the FeDchurch-street, and Eastcheap lines, the 
carrisge traffic through the busy hours of the day is frequently congested. 

The traffic coming from the east enters the City at Aldgate, and 
pnKJeeda by LeadetihaU-street, Fenchurch-atreet, or Eostcheap (but 
pnndpaUy by the first of these thoroughfares), across the City ttjwards 
the west, by the lines of thoroughfare juat d&acribed, mixing with the 
WBstcm traffic, and with it constttuiting what is denominated the east 
and west traffic, for which it may be said the whole of the lines of 
thorough fiire from Temple- bar to Aldgate Pump are inadequate. 

Until within the butt ten or twelve yeanii Cheapaide and the Poultry 
were the only thoroughfares which were generally encumbered; they 
stiU retain their pre-eminence in this respecti but the whole way from 
Temple-bar to St. Paul's is now froquootly in little better condition, yet 
Ohaapside and the Poultry have had A krge and special relief afforded 
to them by the widening of Cannon-street and the opening of Cannon-' 
street West. 

Csnnon-street West waa opened throughout in 1S54. In 1803 it had, 
during twelve hours daily, a traffic of 5200 veMclea, and in 1365 close 
upon liOOO vehicles. This line of tfaoniughfare must, therefore, be a 
great relief to Cheapnide and the Poultry. 

Now, the railway extensiooa and the "street improvementa which have 
before been referred to ai havhig kept down the increase of traffic on 
Loudou* bridge, muut also have ralieved the east and west lines through 
the City, and therefore many sources of relief have been opened to them 
within the lost few years. Nevertheless, in iStJS, the vehicuUr traffic 
had since 1850 (15 years) increased at Temple-bar .Si per cent., at HoU 
bom 32 per cent., and at Aldgate 7ti per cent., nor ia there any pruba- 
bility that it will not continue to iacresse. 

Tha improvements which are needed to meet these exigencies are two 
new brosd lines of thoroughfare between the oast and west of the City. 

The now street from the Thames Embankment may b« ccnaidered aa 

one of those lines of thoroughfare, and it will suffice as a relief for the 

wostom and Bouth-west«m traffic to a certain point; but the north- 

WGsteni traffic will not be affected by it, nor wiU any of the thorough- 

JStmf ^at Qftbe Jiiuik he rdwved by it. 



A N«w Street Nrjedsd,— Complete relief can only be Afibfd»d by 

the formation of an additional arterial line of thoroughfare through the 
City. Nothing else will permanently reUeve Cheapside, the Poultry, 
and the eastern lines of public way. The fonualioa of such a nr&«t, 
although in itself costly, would render needltfss many minor improw- 
ments, which otherwise most be carried out; would open up and render 
valuable property in districts now comparatively valueless, afford addi- 
tional facilities for reaching the railway-stations in the City, reduce tbr 
inconvenience when oth«r thoroughfares are stopped, enable the agency 
of the Dolice in the directiinn of traffic to be largely dispensed with, aul 
would oe the best^ the most permanent, and oertamly, in the loiig ro% 
the cheapest improvement which could be eff^^cted. 

MiNua Stbikts. — Having dealt with the two fundamental wonts of 
the City traffic, which are a new bridge and north and south line, and a 
new east and west Une, the minor requirements mu«t bo relbrred to. 8o 
numerous are they, that it is difficult to select the miwt presslog; for, 
bdeed, it may b* almost said, there ia scarcely a thoroughfare in Itie 
heart of the City, which might not be widened snd improved with hoth 
local and public advantage. 

Of the aubordinate lines lying esst and weati Lower Tliamea-etreat li 
gorged for sixteen hours out of the twenty-four, and the same may b^ 
said of a large portion of Upper Thames-street during some p^n cf the 
djiy; that line of street accommodates, however, but its own traffic. Tbe 
Commission has already U^id down a line of iui|jirovement for it, and is 
gradually widening its thoroughfare; a new eastern bridge would reliew 
Lower ThamcS'Btreet. 

The remaintng through line east and west is that of Long-lme, Barbi- 
can, and ChisweU-street— barely sufficient at present, and yearij beOQlB- 
Ing leas so; the large influx of traffic to the new market in ^"Hhfii^M 
will render au improvement more speedily needful, and the whok Ikam 
should therefore be made fifty or sixty feet wide forthwith. 

Turning to collateral streets, such as Chancery-lane, Fetter- lane, the 
Old Elaiiey, Queen-street, Gresham-street^ HouDdsdik.b. and othen, 
lenoding between the main ^t and west lines; the wholt: are more or leaa 
obstructed daily. 

The ftama may be said of that large class in the centra of the City» 
which lie on both sides of the main Une running east and west, iuch as 
Wood-street, Bread- atreet, and others. Within the last tt^n or fifteen 
yedra, some of these occasioiially afforded relief to the main thon>o^fare 
when encumbered with vehicular traffic ; but they are now impeded with 
that which is due alone to the buaineas carried on in them. Many uf 
them are only wide enough for a single carriage, and this alone reiidcfv 
them comparatively uselesu to tJie general public. 

With regard to the improvements in these streetSt but little oecd bo 
aaiii, as they will, I believe, mostly be admitted aa needfid, when I 
refer to them — and I shall, there fore, simply place tbcui in tiuar proper 
order, in a subiequent section of the report.' 

The report then proceeds to treat of the new streets, railwaym, 
fttid other public worka now id progress aud likely to iDfloeDOo 
City traffic. The Thaoies Enibaokment and ita continqation br 
a new street from Blackfri&rs-bridge to the ilaoaion House wiU 
ease the traffic of Fleet-street, LiiJgate-hill, aiid St. Pai]r»' 
churchyard. Its effect upon Cheapside and the Poultry will Ije 
leaa decided, and it will tend to throw a large atnouui of traffic 
into the vortex at the Bauk, and ia a way that will jDcre&ae the 
jjresent coofuaion. The Holboru Valley Improvement will 
provide a level thoroughfare iu the place of the dangeroas hilU 
about which the City authorities were becoming excited ao fiu' 
back aa the times which preceded the old Reform Bill. The new 
Markets in Suiith&eld will eventually draw nil smaller roarketi 
of similar character to that spot, and alter the direction of trade 
and tralle. The City Sewera Com mission proceeds gradually 
with the widening of narrow thoroughfares so far as ita powera 
will permit, and by setting back the frontage of liuildingH that 
are pulled down for commercial purposes, Newgate-Street, 
Upper Thames-street, Great Tower-atreet^ Ludgate-hllli and 
Feucburch-street are some of the best known instances of worka 
now iti progress. The new railways will effect the raoat impor- 
tant alterations in the direction of City trofllc Of these there 
are eight which propose to of)eu several new statioos within the 
City, and considerini^ that the area of the City is less than Ji mile* 
the possession of thirbeeu passenger stations, which wilt exist 
when theae Hues are completed, will be a great public conve- 
nience. Although aeveml of these stations are rather objec- 
tionably near to each other in Liverpoot-streety there wiU be no 
part of the City more than one third of a mtlci and very few 
parts mora than a quarter of a mile, from a station. 

"llie intercommunication between the lines will enable psaseng»s te^ 
reach most parts of the Metropolis from any one ntstion ; the traiilia 
will be so frequent, tha.t no one will think of oonsuliing time tablesa, and 
although the speed may not be great, when compared with average 
railway speed, it will be double that cii ordinary omntbuaea withlft a 
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•mdim iif two or tbr«9 mttet of ibo City. Tne oon§flqueQce will be 
timi ««eb lUtion will become the oentre wbtch will attmct most of ibo 
pAMoflgon within ita nkdiua. Tbe ftpprOAChet to eikch of thost; titatiotit 
«boul«!f therefore, be nuule adequate, if not already lo ; but, in moat 
€A*em, the ApprojMibes, wben all the stations are opened, will be found 
•uRicient, provided adequate main linea of thoroughfare are made 
withm the Cvty, Therefore, with re^rd to the authorised and exiatiog 
lkfli(» gfoerally, it may be said that they will be of the utmoat value to 
ib<i City ; thtjy have already supplied a public want, which muat have 
been severely felt, and is manifeat from the fact that tbe railway 
•utiont within the City have from 6O.0lH^ to 70,000 pasaen^ra daily ; 
but the pretent convenieoce ia but alight* when compared with that 
wliioli will be given when the whole of the lines are complete, and 
«vi*fy great tmnk railway which radiiitoa from the Metropniia baa the 
tfif aits of bringing- paspeu^rs into the heart of the City. And it moat 
be observed that the railway companiea^ becoming by experience con- 
rinoe<t that the great wiAot of the Metropolit waa commuuication with 
die City, grvlnally approached it, and at length projected railways 
witltin it ; and t) e beneftt of thone alreatly opened han been so fully 
apT»r«xiated, that no company can real until it haa tbe name facilities to 
<»fl'rr iX» psBsengera aa other linca — it ia a neceiiaity which they cannot 
avi^id— and which can never be reatsted ultim!%tely. But. nevortheleii'4, 
trtlh all ihia eonvenienoe, and much aa it will diatrilnite traffic, the 
fm-tnation of new atreeta, and tbe widening of otherFt, will undoubtedly 
lie necMsary. For facility of locomotion etimulatea and augmenta 
t4ikSo of itaelf : and thus, without reference to that due to the increase 
jn the metropolitan population, an increased traffic to and from the City 
may hn anticipated, whilst the rapid augmentation of the population, 
^renting Its owu buainess necessities and a correspond ins^ increase in 
ir^fRc. will also add to this mighty influic to and circulntion within 
tlie Ciiy i and it it this increase, never yet auflicientiy nppreeiated, 
fmr whtdi tmpmvementa in the City thoroughfares are »tiil more needed. 
There ia some cnrroboratioo of thia view in the fact, that although so 
much through traffic haa been taken away from the City, and at the 
prt?-j«'i>t time the City railway atation** have, as before atated, between 
60,UO } and 70.000 pasaengiir* daily, yet the traffic in the atreets haa aince 
ioereased, and vast aa the uaage of the metropolitan riiilwuys generally 
vms during laat year, yet the London General Omnibus Conjp;iny 
carried 1,357.645 more passengers in 13t!^ thiin it did in 1861," 

The Report tben indicates the improvementa which aeem to 
be demaoded to meet existing and prooAble Fequiremetita. Thene 
are of three kiada, viz, the fiirmalioo of new lines of tlmmugh- 
fare, the wtdeDiug of exUtiag iiue«, aud loiprovenientA of a iiiiuor 
eh«rmcter. 

For the relief of London Bridge* and ita approaches, a new 
bridge over the Thames is 1*600 mtuetided Thiii sbi^tild be to 
tfac east of tbe Tower, and would yeed to bo counecteil by suitable 
approuiches with the great thorougbfareB on the north and south 
<i2 the river. 

" By these roads an almost direct line would be formed between 
Shcrvdttch and the Old Kent-road, and the whole of the traffic which 
lies directly to the north-east and south-east of the City would cross 
tl»e rivftr by that road ; thia would Include nearly the whole of the 
l»«ary dock traffic* There wiQ be no difficulty in furmiu&r this bridge 
with good gra^lients* The cost of this work would doubtless be very 
ereat. principally on aooount of the oompensation to the wharfingers. 
The wharf pmporty would however not bo valueloss, even if vacated by 
Ittf present occupants^ and the removal of the special tmdes now carried 
osi in the wharves and adj>ioent premises^ even if needful at al!, would 
leave room for the expansion of other buainesa for which the site Is 
a<lapted, and this would of course greatly reduce the ultimate coat. 
Bflltngvgate Market might be tranifferred to another site if that were 
Ibaiifl to be needful , and the queMttoa i« worthy of conaideration, 
whether, in the present day, the site Tor a metropolitan fish- market tkced 
Ue on tha banks of the river at all f The sea-going steament would not 
be able to oorae further up the river thun the Hi. Katberine Docks ; but, 
loAktng at the facilities which will shortly be afforded by metropolitan 
railru4ids, the inoonvenienoe to passengers will not be made very great 
by such alteration, I however am quite aware that formidable trade 
iDtfreste would liave to be dii^turbed, and that a section of the public 
oust thereby suffer some inconvenience ; but sooner or later such dis* 
iurLanoe it inevitable, and after all it reaolves itself into a qtieatlon of 
c«tmpensation, and nothing more. A bridge might be cooatructed with 
m central compartment, to open so as to admit the passage of vessels up 
iind down the river at certain stages of the tide ; or it might be open to 
tbe public only from 7 in the morning to 7 at night, which are the hours 
when Ihe great pressure is felt upon Lou don -bridge. 

A Tl'NNEU— Another mode would be to construct a tunnel at one 
of the spots named, but I apprehend that, if really convenient 
approifihes were made to it, it wou)d he more costly than a bridge, nor 
cxiuhl it afllird the complete convenience which a bridge would give. 
But the formation either of a bridge which could only be periodic:iUy 
uted| or of a to no el in lieu of a bridge^ can only be regarded ai haii' 



measures —such as have been too frequently carried out m the Metro* 
polls, and which are unworthy of its vast population and of its vast 
wealtti. 

8team Ferries might he useful lower down the river, but could hardly 
be used ai a means of relief to the traffic of London-bridge. For at the 
spot wh^w a bridge it needful, tbe river is so crowded with shipping, 
and with quick- moving steamboats, that tbe management of the large 
pontoons which would be necessary could only he attended with v« 
great inconvenience, difficulty, and danger. Steam ferries are, iude 
but the expedients of a poor traffic and a small population. 

Thia subject has been to me a matter of consideration for many year«| ' 
and I am convinced that tho couatruction of a bridge for ordinary com- 
munication acroas the Tham^-a at or about Lhe a pot indioited, will alone 
materially and permanently relieve London- bridge and ita appromcheff 
both north and south, and that sooner or later such a eommunicatioii 
must be given," 

The relief of tbe City thorough fares as respects the east and 
west tradic is propiioed Ui be etfeoted by meaua of anew sti^eet 
extending from 61. Sepulcbre^u clmrcbi by N^fwgsite, to White- 
cbapeL Thi*j would go lo the north of Guildhall and the Bank, 
and would be a oontiuuatiou of the fine of Hoi born ^ leading; in 
a straight eourae to the Whitechapf l-njad. It would also enter 
this road at the p^iint where the Metropniitan Board of Works 
proposes by its Bill now in Parliament to make a new street 
to oominunicate with the Commcujiai-road. A glance at the 
map wilt show that tbid would furm a direct route between the 
eastern part of London and the oortb and west, 

"It would relieve Cheapaide, and thus render any extenave improve- 
ment in that thoruughfare ueedleKi, and that which relieves Cbeapside 
will also in a degree reHeve Queen-street, Bread-street, Wood-streetp, 
and all the collateral streets rulIl&l1^g north and south from that thorough* 
fare. And although the Poultry should be widened, it woulil doubtless 
relieve tltat thoroughfare of a lar;,'© part of its trjiffic. It would oonveri 
the narrow part of London- wall and Wormwi>od-«treet (which must 
otherwise be widened) tuto a bru^ul thoroughfare, and thus in connexion. 
With poUce regulation it would free Bishopegate-Btreet Within and 
Threatlneedle-Btrtset of part of the traffic which now encumbtTs them, 
and would aid in disjienilng the e^^^teni traffic which may arise owing to 
the terminus of the Ejiateru Counties Railway being brought bo Liver- 
pool-street, as it would be but about 110 yards from that street^ where 
at a future day there will be the stations f-r termini of four different 
railways. It would aI»o relieve Houndsditch, and Aldgate High-street 
by opening up a new thoriHighfare between the docks and the ware- 
houses in the neigh bourhtntd of Houndaditch. It would ease the traffic 
to and from all the railway stations lyin^ to the north of it. In respect 
of diitance, therefore, the new rr»ute would be superior Ut the existing 
one; in respect of gro^Jieut it would be as good as the present route; in 
respect of line it would he^ for all practical purposes, straight; and upctu 
the whole, therefore, k would be superior to tbe existing luie from New- 
gate to Whitechapel; h.lng broader, straighter, and shorter in distance, 
iu bying out thia line of thoroughfare, I tri«d to avoid public buildmgs 
as well aB buildings of lai^e commercial importance, but it was found 
impossible to do so entirely^ Its toruj-ition would involve the destruc- 
tion of Chris t*a Hospital, the Money Orrler Office in St, Martin s-le- 
Grand, and several hirf^'e commercial buildings, and it would cut thrtiugh 
a large quantity of mit^ei itble property at the extreme east of the City." 

Many other imptovf^ments are reconjnieudetl, such as Bew 
streets from Lhe south ?>ni end of Farnngdon-street to Holbom, 
near Hatton-gnrden, and to the end of Newgate-etreet. From 
near the western end uf Upper Tiiames-atreet to Ludgnte HUi, 
opposite the Old Bailey, which street should be widened. Many 
other streets are proposed to be widened, and Jay-byes or standing 
pbtces fur vehicleij, to be njade on the sites of disused church- 
yards. As to tbe setting Lick of projecting buildings wbicb aro 
BO incoQventent to ti^ffic, wc are told tbnt — 

"There is scarcely a street in the City which is not very irregolar in 
its lines of fnmtage. in most of tbtm also there are projections beyond tbe 
general line, wlueh are mote or less obstructive to the traffic. To 
reme<ly this, plans to a large scale should at once be made of all such 
streets. Lines of improvement eh mild then be laid down upon them« 
and whenever a building is removi-d, the new line only should he built 
up to. This system should he adhered to strictly, and the pUns be 
Worked to without deviation. By such means, in the course of twenty 
years, with the large changes which must during that period take place 
in the condition of CHty prt>perty, a very appreciable improvement might 
be effected at a comparatively small cost. But to be eSectnal, I repeat, 
it must he carried out unhesitatingly." 

Ill conclusion^ Mr. Haywood alludes to other matters bearing 
00 the question of street improvementa, and of general interest 
to the inhabitunUi of the Metropolis* He says — 

*' 1 have endeavoured to suggeflt improvementa oonuaiNituratc^ ooi 
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only with the present wanU, hut aUo with the neoeantiea of a future 
populfttloii, M, uiiduubtedly, a portion of the expense of preieiit improve- 
meiiti will be cast upon a future generation. To plan and execute 
half meaaoFeB, or auch as are merely palliative, the remits of which ma,y 
perhaps be vcaroely felt a dozen yean henoe, would not be sufRchni, 
nor would it be joit to thoae who may heraalter have to pay largely 
for them, and tbereforo I have anggeated improrementa of a oompre- 
hentire chikraoter, and* m two ca^et, auch »a will go far to meet the 
requircmenta of & great aagmeotation of the metropolltiu) population; 
and eapectally in the iniereit of the future popuktioa these improve- 
nieutfi should be oarried out at onoe, for fifteen or twenty ytan hmce 
Ihey f(HU coti doubU ^ehat tkey now vott^ eoU, grtcU at th€ QwUa^ 
mijfhi be. 

Kugenoiet in respect of highways will soon also arine In parts of the 
Metropolis far off from the City^ and the formation of lines of thorough- 
fare leading from the centre of the Metropolis to the oountryt and of 
those Bobaidiary lines by which the faat growing stiburba communicate 
with each other, should no longer be left to chance arrangement, or to 
the caprice of indtridual landowner)}. And I munt again repeat here 
a fact that cannot be too fuUyimpFSsied upon you, that the population 
<»f the Metropolis doubles it*clf in forty years, and that the traffic 
towanie the ct'otre appears to increaae in a greater ratio ; so much so^ 
iddood, that I firmly believe tha.t the improrementa I have herain 
Miggested, large as they may seem to be, wiU not be adequate to the 
wants of the City by the time the metropolitan population is doubled. 

In drawing up this report, many incidental subjects have caturallj 
su^gi^sted themielvofl to mo, upon which I beg to maJce a few remarks. 

KiVER Stbamboat TRAJfric— Considering the advantag«8 which the 
fiver route between the east and west of the Metropolis posaeisea. In 
respect of celerity of transit, and of attractiveness, it is surprising that 
n9 sucoessful effort has yet been made ao to regulate the steamboat 
traffic as to obtain from it the fuU measure of benefit which it m capable 
of affording. Improvements have certainly been made in the City 
•teanboat piera, yet there is scarcely one approach to them that ia 
•offioi^ntly public and sufficiently oonvenient, and this is the first thing 
in which improvement should be effected. Ths boats themselves are 
not of the handsome, cleanly | and convenient kind which should be 
made compulsory, and which would r«ndor them attractive to patsengerv 
v^wi an ornament to the river, as well aa more renaanerative to their 
proprietors than they can be in thetr present uosatisfoctory condition. 
Tliere 19 no doubt that if theaa two oonditloaa were improved, a larger 
Meam-boat tr:vffio might be developed, with advantage to the public^ 
AOd benefit to the proprietors. 

Am to TfTR Formation of New arRBirs.— The formation of a new 
Ime of street is frequently opposed by those owning property or busi- 
ness in the existing main lines, upon the supposition that the divemion 
of the traffic will be injurious to their interests. Should this even be 
the case, it must be observed that no individual has a right in the public 
traffic ; and, moreover, when the traffic reaches such an extent as to 
create publie inconvenience and loss, diversion is inevitable, and ia 
penerally foreeeen and calculated upon many years before it takes place. 
In the mntjority of ea^ee, however, no fear need be entertained of injunoua 
oonRcqiiences, for rt is rarely that any street improvement is oarried 
out ill London, until business is actually suffering for want of micb 
improvement; and at the present time the impede<^l condition of the 
ni^in Uijc^ of City street, is undoubtedly a hindrance and impediment to 
the bu«in45»s within them, and the diversion of some of the traffic could 
tjot therefore be otherwise than a benf?fit to all ; for every facility 
of interoourse with the (.'ity which is affonded to the motropolitAn popuU- 
tion. has a tendency to increase the traffic and increase the business. 
Aurl the actual hu^inetis in the streets ao relieved in all probability 
will be greater after the relief, than it is at the present time. 

Wjien ritiw lines of street are planned in tlie Metropolis, it has fre- 
quently hnpponed that they are spailed at some point by obstacles 
which fthould not be allowed to interfere with them; tlie impeflimcuts 
arc usually the extstcnoe upon the prrposed lines of public buildings^ 
or the e^tntes of great public bodies, or of men of great parliamentary 
ttifluencc, or they are the result of some small eoooomy practised in tho 
midst of a large expenditure. Such influencea it b believed brought 
the northern end of Kegeot-street to its ugly junction with Portland* 
place; nearly spoiled the line of the Thamea Embankment at its westers 
end: now prevents the formation of the very best line of access from 
Tfalalgar- square to that noble thoroughfare, and will leave in the middle 
of the new street from Blackfriars- bridge to the Mansion Eouso, which 
is to be 70 feet In width, a Ungth of IJii feet with a width of but 50 
feet. In the City, the chief obstacles formerly were the Cliurches, 
which, being numerous, were in the way of every line of street which 
V .„ — "^'-'-tf^d. In some cases they were removed, as for the formation 
bridge and itJi approached, and the atreetfl in the vioinily of 
t England, and the result waa that good satisfactory lioee of 
lliorciughfare were formed. But where they were allowed to remain, 
and the streets were planned so as to avoid touching them, the thorough- 
fari'S have been utterly spoiled, of which an example is Greshaui- street. 
Tho churches are still almost as numerous as ever, and are so situated 
m£ in 9rery direction they prevent local improvement, and it is almost 



impossible to pUn a new alreet or to improve ao existing one so aa to . 
avoid them. But for a large and important isiprovement there W04iX4 
be perhaps teas difficulty in effecting their removal than formerly waa 
the caee, for it has been shown that the residential population Is deeraa«- 
ing, and the congregationi> in moet of them will become lee« and leas; 
and therefore new lines of thoroughfare in the City should not in tlie 
present day be injured for fear of inierferenoe with churches. Kever^ 
thelcsfl. in laying down the line of the new east and west street, I haw 
carefully avoided churches; but most again state that it wottld be very 
adv^antageous if four, which are immediately upon the line, were 
removed. 

PuLicB RuauLATiOKS IN Respict OP Tbapfic— In all the Um 
capitnU c»f Europe there are regulations for the guidance of traMc* la 
our o^n country they have hitherto been but slight, and it 'sukj be nid, 
thikt when such strict police regolfttioos are needed hero thM the free 
eebetiou of route is denied to the driver of a vcliide, it Is in itself a 
prtx'f that the thoroughfaxi^ are inadequate. The t^nfnrL'ument of such 
reguI)itions i» always difficulty and is much resented by the public ; it 
ref^uires alao the special attention of a police foiee, and is therefore 
expensive. It usually also implies a condition of tnffie which is emi* 
nontly destructive to tJie pavements, and therefore expeoaive ; it involve* 
the more frequent relaying and stopping up of the atreets, &nd thus 
periodically increaeea the public inoonvemence, and it moreover hinden 
effective surfaoe deaosing. Thus inadequBite thoroughfares are not only 
inconvenient, but are expensive to the public— lead to police r^niatlona, 
which impede the free and natural course of the traffic and bQsine«e nf 
a commmunity, and are repugnant to the spirit of the age. I, however, 
anticipate that poHoe Teguhbtions, moce stringent than thote now en- 
forced, must be exerdMo In the MetropoHs ; but it is wisdom to noake 
such improvementa in the streets as ahall diminiah aa far ai possible the 
necessity for polioe interference.*' 

Theae are the views of the engineer to the City Sewera Com- 
midsion, aa to the stato of the Llty streets, and tbo needful 
remeflies. That these will be ooatly he cleArly seea, but ihnugh 
be dttea not take the responsibility of indicating the source fruoi 
whence the funds are to be derived, he refaaea to believe that the 
wealth of the City can be very greivotisly burdened by the cost 
of works, which ite unprecedented aod atill increasing prosperitr 
h.Hve rendered needful. He aees, moreover, that the cost will 
rapidly be lucreneed if action be delayed, and looking to the rapid 
manner^D which the reconstruction of the city by the rebuilding 
of its busineea premises is progressing^ it doea seem not only that 
a waste of money, but a great and needleas waste of thought and 
lal>onr, will be caused if the execution of such works ae ar^ 
necenaary is delayed until the ground has been covered with new 
and oostly buildingSf when important bufliDeaaeB, ecaroely settled, 
will have to be broken up or driven away. 
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ON ARCHED ROOFS* 

Br C. Von Wmsklt. 

{ Wifh Entfmvinffa). 

Amsterdam Crystal Palace Boor. 

Tho area coveret! by this roof is 1 30 ft, Sf in, long, and 64 (t, 
1 J in. wide, on each side of an oval dome — the entire length of I 
the nave being 3211 ft. 1 in. The roof is supported on each side f 
of tbia dome by seven pairs of ribs, 2 ft. 1 3-16 in. apart, lea^nnj; 
a clear space between them of 19 ft. 8i in. The ribs of principAla 
are true arches. The intrados and extrados are concentric 
curves, being struck from the same centre with a radius of 111 ft, 
6 in, and 33 ft. l| in. They were ao constructed that in being 
fixed they were made to spring 2J inches outwards, making the 
distance from centre of building to face of column 31 ft. 7 5*16 
inches. Thej each consist of a top and bottom flange of one T 
iron, 4| inches X If inch X 5-16 inch X f inch, and a plate 
4| inches wide 5-16 inch thick, rivetted to it by 7-16 riveta of 
about 4 inch pitclf. These two flanges are connected by two web ^J 
plates, Ko. Q B.W.G., 1 fl. 6 in. wide, one on each side of the T ^M 
U'ona rivetted to them also with 7-16 inch riveU, The entire ^^ 
available sectional area of this rib is 10'5G square inches. The 
web pktea are joined alternately in lengths of about 23 fl. 4 in. 
bj one I joint plate placed between the two web platea* It ia 
4 inches wide, and for the sake of architectural appearaoct 
rivetted to them with 7-1(1 inch flush rivets. 

The rib is divided on its outer aide, between a point 10ft. S tn. 
above the springing line, and its centre, into seven equal parts. 
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Th« ptulinil Jire nrriid by it in theie Ititerv-ak They connl^t r»f 
■fmpie M irotH 6 inch x 3 ineh x i i»iiih with aii avail.tMt? 
«iN?tiot)al Mr**:i **f l'')H square inches in the top aoH buttoai tiftnj?i*<<. 
Thpy f^r^ jnltiei \n k^igtha of t\ ft, 9 7-16 in. between eieh 
pK\t of main ribs by tw<* jmut p(»t*»» 2f>| indies ioii^, 5 J inch**^ 
wide, und | incli thTok, aud twelve | indi rivets. Th€«© |MU•lill^^ 
^rry the W. I. akj light bars^ one len-ith of tho fnrtDPr di voided 
to to twenty spawa givet the distance ♦►f each skylight bnt* iibt>ui 
IS Inehm pilcU. The ekylii^ht li^r* nr« HxeiJ to purlins by L 
iron braokeu U inch X ^i inch x J inch — 3 inches long. Hie 
puHinii are fixed to main and intenandint^ rib* by two L iron 
brmcketa '3 incheflXS irichea xf inch* 4 in^^hi^A long, with fonr ^ inch 
br»tti!, with two I inch washers, and two f inch rivettj. Between 
ench pair of main ribs are two nittM-m-^diate ones. They hnve 
the same eitrado« as nriaiu riba, but are only H» inches de<*p. 
Tb€T eonaiet of a top and botioro rtf\n^e of one X i»'^" ^k i"^'^ 
X Ij inch X 5-16 ir»ch X 8 inch, ertUMPCted by two web pkt''^ 
like those in mnin ribs, No. 9, B.W.G., nvelied t«» ii>em wtih 
7-lC inch rivets *►£ aboat 4 inch pitch. The web pktes are cm* 
aeeied in length of about 23 ft- 5 in, by one joint plate place*! 
between them, | inch thick, 4 incht^s wide, and aix 7-16 inch 
0oaQteti*i)nk riveU. The entire available sectional area of 
Ibis rib is 7'11 aquare inches. Efich of the ribs is snpported by 
006 column, ffo ihrtt the upper half of it is widened out to ^ sort 
of biacket, at a beij^ht of U ft. Tiin, aii 'Ve it:^ sprinfjing liuu. 
This briicket is strengthened by | inch plaies placed between the 
two web pLates, and two L irons 4 inches X 4 inched X | inch 
rl vetted to eaeh side of webs, and to a base plate J inch thick, 
irhich is bolteii to top uf column with five I inch bolts, 
' The Intermediate ribs are suoported at tlieir enda by a timber 
beam. The inner T irons are oeot rr»iind, and the flange of the 
upper one, and both are rive tied to jj inch base plate with eight 
7-16 inch rivets, which plate is screwed to timber with three 
^ inch coach screws. Each of the main and iulerniediate riba 
carry in centre a irianijalar frame of ca-stdrou, with ornamental 
filling in, bolted to them by ^ ioch bolts 2 feet pitch. It is in 
centre 1 ft. 7 in. high, and extends ou each side about 5 feet over 
ribs, and supports, in the middJe, the cast-ii^n ventilator. Tlfe 
ventilator ts formetl by two ridge purlins of a proper cross section, 
eoverfd l»y a small ridge roof. It consists of a simple plate of 
» Tery fl It angle, with proj>er water-tight joiots and a pocket for 
filing tii^e ornament along the roof. 

The Weights of this structure are as follows: Main rib, 1 tou 
IM cwt, intermediate rib, 13 cwt., purlins for one bay, 1 ton 
1 7'cwt., skylight bars for one bay, 1 ton 18 cwt. 2 qra. 11 lb. 
Total weight of wrought and cast iix)n in one bay of roof, 9 tons 
1^ cwt. The a[ipearance of all the columns from inside the 
baildiug is aimilai*. The first tier columns support the gtdlery 
girders, and form an ornamental frame work with brackets at 
joint with column. The columns rest ou a stone foundation. 

Although this structure forms a sort of stiff frame for resist- 
ing the horizontal thrust of principal, still a strong wood 
•trtjolure is made of the roof of the gallery acting along the 
whole nave a* a horizontal girder of griAt resistance ag.iinst side 
presAure, 

PftopossD Hoof of thb St. Fi.NCRAS Statiok, MiDLAifD 
Hailwat* 

Althotigh the particulars of this roof have Wn already pub- 
lished it was still thought advisable to repeat them here again 
for the ftake of comparison. The area covered by this roof 
it ftD<> feet by 240 feet, The main ribs are 29 ft 4 in. centre 
to centre, and have three intermediate ribs betvveen them 
at equal distances apart, carried at ev«ry 18 ft. 6 in, by truased 
pnrltns between the main ribs. The form «>f the ribs is entirely 
novel They spring directly from the gnmud, and are firmly 
oii»joected to massive brick piers below floo*- level. The curve of 
the ribs Is of two radii of 160 feet and 07 feet, meeting at an 
angle in the centre 100 feet above the level of rails. The ribs 
»rc 6 feet deep, and formed with oj>eu box flanges 10^ inches 
deep: the flanges being braced together by diagonal ciiannel irons 
and radial struts forming the ends of the purlins. The feet or 
sprit»ging of the ribs, to a height of about 25 feet from fdatform 
kvei, are constructed of platen and angle irons rivetted toj^ether. 
The intermetliate ribs are 10^ inches deep, and will be made 
most probivbly of angle irons braced with diagonal bars. The 
purlins are braced beams 18 ft. 6 in. apart. They are so con- 
iiructed that they stiffen the main ribs laterally. The braciog 
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it so arrjinged as to carry the proper proportion of each of the 
three fniermeliate rlha^ besides assisting tt^ keep the bottom 
flangTps of tfre main ribs in place. The whole of the roof ia 
bmced horizniit^'itly, to reaii?!t any strains that may be caused by 
the pre!^sn^e nf the wind either on the gable or on the side. 

Ventilation will be ^mply provided for by open spaces in the 
skylights^ along th*^ whole length of the ridges, and also along 
the e?^ves where the gh,is overhangs the gutters. The lower 
si Jes of the roof are t^» be covered with glajss ridge-and-funv>w 
skylight, at right angles to th^* ridge, 16:3 feet wide, extending 
nearly the entire length of the roof, there will be a gangway 
at the foot of each skylight along the whole length of roof, and 
each gutter of skylight will have a snow grating along its whole 
length, with cross »tri|)es to enable the workmen to repair and 
paint any portion of the skylight. The Fiorizontal thrust la 
partly taken by the heavy brick piers, which act as abutments, 
and partly by a wrought-iron lie running below level of rails 
acroiw the platform, forming one of the wrought-iron girders snp- 
porting rhe latter one. 

Referring to the various roofs deBcril>ed, we find that in the 
Duhliu Crystal Palace Roof, with a cl^'ir span of 49 feet, one 
square of area covered with glrisa requires 9 J cwt, of wrought 
and caj3t iron. The smaller roof of the Crystal Palace, with a 
»*lwir span of ,*i6 feet, a squnre of covered area with glaa.s Teqnlree 
13 cwt, of wrought and cast iron. The Derby Market Uixll roof, 
of 8 1 ft, 5iu. clear span, one «qaar« covered over partly with 
slate.^ nod partly with glass, reiinires 15 cwt. of wrought and 
cast iron. In the large roof of the Crystal Palace, which h;i8 a 
sfwin of 104 feet, a Hjnare covered with glass requires 12j cwt, 
t4 wrought and cjtst iron, tn the Amsterdam Crystal FaJitee' 
Uoof, which Has a clear span of 03 fK 2| in,, an area of one sqaare 
covered with glass requires 15 cwt. of wrought and cast iron; 
and, lastly, in the Mnll.iud Roof, of 540 feet span, one square of 
area, covered partly with glass and pai'tly with state, requiret 
17 cwr. of wrought and cjiat iron. 

In each of th • buildings covered by these roofs we find a new 
principle employed Tu the ooo>itrnetion of ribs and in the ar- 
rangements fir talking the horizontal thrust. 

In erecting true arched rihi», it will be often the case that the 
feet of them must be made to spring out a little to fit the sup- 
porting structure; but it miwt be considered then, on the other 
hand, that in all causes the tiauges are constructed stronger thau 
minute calctdation would require, and so the pressure may be 
increased a little in the top flHUge at or near centre, getting 
lessened at the flame time in the bottr.m one, and that withont 
any bad effect upon the structure itself. The Amsterdam rib^ 
were, iu fact, manufactured so as to spring out in erection 
2g inches, as already raenUoued in the description. 

The most Hgid of the various roofa treated of, no doubt will be 
the Midland itorif, as the stability or rigidity of an arched roof in- 
creas*»3 with its size, the Siitne, f^i* instance, as in bridges. The 
great weiijht, therefore, of lli** Midland Roof is a guarantee fur 
its stability. This is shown to a cert^nn extent by constructing 
the curves of equilibrium for the equal load and the unequal 
moving load, the vertex in the latter case not moving as much 
as it would in the caae of a smaller, and consequently lighter, 
roof 

No apparent provision has been made iu any of these rof>fs ftir 
expansion of the structure by teujp**rature, as is commonly done 
in large roofs where trussed principals are employed. As the 
abutments are not allowed to give way, the ril>s will simply rise 
and fall at the crown like the iron arch of a bridge. 



4 
I 



THE LATE GEORGE RENNIE, F.R.a, CR, &c-, &c. 

It 18 onr painful duty this month to rectsni the decease of the 
above named eminent engineer. Mr, Reunie had been cnni^ia- 
ratively an invalid for some year^ prior to hid death, whicfi event 
took place on Good Friday last, March 30th. at his residnti .' lo 
Wiltou-cresoeut, Loudon. It would bediflieult, if not, ym\u 
to mention a name connected with the civil and roichanic-d 
neeriog professions of this conntry more distiogai^hed than that 
of Rennie. Monuments exist on all hands which will testify to 
posterity of the indomitable industry and the gi-^nins of the 
fonnder of the house — John Rennie — whilat his dea^vndantis have 
proved themaelvee worthy of their eire, and achieveil also an 

3d 
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eiidariuf repaUtion. Our present object however is uot to trac* 
out aud cliruuicle tlie uuiueroad works wbich tiiade the life of the 
first Keuolc remarktible, but to indicate rather some of thoae 
which have teaded to make famous that of his eldest son— *tbe 
iubjtict of the prissent memoir. 

Giiorge Renoie wab boru at the villasfe of Christchurch, ia 
Surrey^ oa ihe 3rd of December, 1791, Hla father hsui theu h^en 
Odtablished aa aa eogiuef'r iu the Metropolis for fibnut sevea 
yeara, and id frieodly uaiou with Mesars, Boultoii aod Watt, who 
hiid early diacovered his threat abitity, he had achievtid coitside- 
luble f^me. The eilacatioo of young Reuaie waa coromenced at 
the clisaical acliool of Dr. Greealaw at laleworth, ami ouitioued 
at Sl Paursschooli London, At the age of sixteen years he may 
be aaid to have received his first lessons Id engineeringi for he 
then ftccompfiDted his father in one of his anuual profesdioual 
tours through England, Ireland, and Scotland. The advantage 
of this drst insight into the uiode of conductiug works sueh aa 
those under the miiuagerneut of the elder Reunie vtha great, but 
it Was aupplemeuted by introduclions to men of eminence — 
acieutific, Hcholmftic, and practical; and it is kuowu that the 
journey was productive io all waya of excellent results to the 
youth. 

Soon after this memorable tour it was determined that George 
Bonnie should be entered as a student at the College of Ediu- 
burgh, and this wtia speedily accomplislied. The Rev. Dr. 
Kobertii was his first tuti>r in the Scottish capiud, and with that 
gentleman he remained for two years, having also the priviie;4e of 
ditily communicaLiou with Professor Dunlmr, and Dr, Iltjfiery, 
the celebrated chemist of Mjinchesten At the end of the period 
uamed the embryo engineer was transferred to tlie churge of 
Professor John Playfalr, in whose house he resided for other two 
jeari, and under whose guidance he profited greatly. Professor 
PUyfair was admirably qualified to be the guide and friend of 
youth, and tu the present instance he found an aptand intelligent 
pupil. The latter was most assiduous m the pursuit ofinforma- 
tlouj whilst the former possessed in a remarkable de^^ree the 
valuable facnlty of pleasantly imparting it. During the time 
that young Rennle was thus happily situated he atteniled chiasei 
for the study of all those branches of knowledge an acquaintance- 
ship with which was considerf^d likely to be of most value to him 
in the future^ mathematics, natural and moral philosophy, Greek 
Aud Latin, chemistrvi &c. 

By the year 181 1» it was considered that he had acquired 
sufficient hook knowledge to €t him for more practical labours, 
and be then returned to London. In the drawing office, and 
the workshops of his father's establish men t at Blackfriars, 
we Dext find the subject of this notice. In both deparlmetita 
his diligence, talent, and amiability of disposition were C"*napicii- 
oasly diiitlayed. He is reported to have made at this early j>eriod 
of his life the working drawings for a amalL steam engine^ and 
afterwards to have titteil up the engine unaided by other 
asaiatance. Unhappily, this specimen of his youthful ability 
aud perseverance was destroyed, many yeara afterwards, in a fire 
which occurred at the manufactory of George aud Sir John Rennie, 
ia Hollandatreet. 

In 181 8» he was appointed Inspector of MachiDeryi aud Clerk 
of the Irons (die^) at the Royrd Mint, Londt>n, in succession to 
Mr. Jami^s Lawson, deceased. The office demandei! that its pos- 
sessor should have a practical knowledge of macfiinery, au'l of 
the character of steel, and was otherwise of an arduous nainre. 
The appointment, on the strong recommendation of Sir Joseph 
Banks aud James Watt, was confirmed by the Treasury, and 
for eight years subsequently Mr. George Rennie was a Govern- 
ment Officer, It does not ap^>ear that the occuimtion w^is a 
congenial one, for in the year 18:24 he resigned the appointment, 
And returned to his old quarters at Blackfriars. Durio,? what 
may be termed the ofllicfal portion of his career, it was the mia- 
fortuue of Mr. George Rennie to lose the counsels of his father. 
Iq 1821, and in the (iOth year of his age, John Rennie died, and 
then it was that a partnership was entered into between the two 
sous, George and John (now Sir John) : possibly too his 
father's death, may have conduced to the abandonment by the 
former of his post in the Mint Very speedily the head a of the 
new firm imported a considerable amount of energy into the 
conduct of the business which had thus been committed to their 
charge. Their father had left many designs for projected archi- 
teotural and engineering works, and coUMpieuously among these 
were the bridges of London, Son tit war k, Staines, aud that for 
spanning the serpentine in Hyde Park, All these were after- 



wards realised by the younger Renuies, u well ba nui^f olHer 

structures ol a similar but Jess importaut character in various 
parts of the kingdom. They took care to associate with thank- 
selves talented assistants to conduct, and skilful workmen U> 
execute the various undertakings for which they were respoDsibIe| 
aud hence another source of the invariable soocesa which Aiteoded 
their labours. 

In the construction of the vast Docks of Loudon, Leith, Sheer^ 
ness, Dublin, Deptford, Chatham, Woolwich, and Pembroke, and 
in the formation of the harbours of Plymouth, Howth, Kingstowiiy 
Portpatriek, Ramsgate, aud Whitehaven, they earned greal 
fame. The Plymouth Breakwater, aud the mngnificent Victual* 
Hug establishments at Gosport, Plymouth, and Deptford, ar« also 
amoug the works demanding honoumbl» mention. 

The drainage of the feus of Lincolnshire, Cambridgeshire, 
Bedfordshire, and Norfolk, though less prominent as engtueenug 
works than those referred to, were pn>ductive of greatadvaotAge* 
and the results attest the skill and energy of the Renuies. 

lu the department of Civil engiubering the late Geor^ 
Rennie distinguisheti himself greatly. Ti« him was entrust^ 
the first survey of the present Liverpool and 2klanchester milwaj. 
He had prepared himself for it, by numeruun investigatioua 
into the working of the railways in the northern and western 
parts of the kingdom, and notably of that between Stocktoii 
and Darlington. In the years 1825-26, he had also mad€ t^ 
vast number of experiments on the gliding and rulliug frictioo 
of metals and other substances.* Briefly it may be said thai 
the act for constructing the " line of the Liverpool and Manches- 
ter railway, as laid out under the direction of Messrs. George aod 
John Henuie," was carried through Parliament in the year 1820. 

Mr, George Rennie also made the survey of the London and 
Birmingham, the Great Nortliern, and many other accompUtfi«e<i or 
proicL'ted Engli.ih railways; the Nsmur and Liege and the Motte 
aiicl Manege lines in Belgium were surveyed and partially cou- 
siructed by him, and the remarkably beautiful stone bridge 
Bfjanning the river Meuse, and consisting of five segmental arches, 
w.'is designed by the same gentleman. The present bridge al 
Chester, origi Daily designed by the late Mr. Harrison, was ooqi- 
pleted by Mr. Rennie," who exhibitetl great ability in the ooD- 
structitm of the centreing employed iu its construction* It was 
the fortune of Mr* liennie to be freijuently called upon by 
foreign governnients to construct maehinery for almost every 
coueeivsible \ urpoee. We can scarcely enumerate the number of 
miuis which owe their existence to his mechanical skill. Those 
of Calcutta, Bombay, Lisbon, Mexico, Peru, and France may be 
cited. Id the formation of the machiDery for these he fouud the 
knowledg*? of coining, which he had acquired in the Royal Mini, 
of great service, and in company, as his father whs of old, with 
the firm of MesKn». Bi»ulton and Walt, he has certaiidy rendered 
the place* named famous for their money numu factories. 

As a complete and perfect specimen of mechanical work, for ^ 
totally different purpose, the Turkish Small Arms Factory, 
situated on the Sweet Waters, near Constautinopte, may be 
referred to. It was designed by Mr. Rennie, for the manufacture 
of l(X),OiK> muskets per anrvum, and comprises the whole of Uie 
appliances u^'cessary for furglng, rolling, rough and fine borinir, 
ndjusting, aud proving the barrels, the forging and fitting of the 
ditferent parts of the locks; cutting and shaping the stcicka, he^ 
During the progress of the Crimean war the e«ubli«hraent was 
in full work, and produced the maximum number of muskets for 
which it was originally designed, it thus proved of great sefvioe 
to the Turkish Gnvpruraent, Similar machinery was* aOerwards 
completed for the arsenals of France, at Chatelbeaux, Touion,and 
Rochfort, By the Rusatao government Mr. Rennie wiiS highly 
eateemeti and constantly employed. He constructed for it, 
nuiiietx>us mechanical appliances for every variety of purpose. 
They included coining, biscuit, and block-making macbineiy, 
dredging barges, &c. Several steam frigates of ^reiit pnwft 
were also furnished to Russia. These comprised tlie **8mile^ 
of 400 horsepower; the celebrateii " Wladimar,** fil^o of 4\l0 
horsepower, aud which waa employed at Sebastopol during the 
siege of that gigantic fortress and stronghold. Tlu* latter wnt 
indeed the first screw steam-ship iutrmluced iiit« tlm RusKian 
service, and she was followed by the **Peterhor" nntt "Alex.- 
andria," used as yachts by the lute Emperor Nicholas. Other 
steam ships of lesser note were fitted out for service in the Black 
aud Caspian fteas. Mr* G. Rennie desigoetl the Great Btesia 
^^ - - - - - .-^____^^___^ . .^—^^ 
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FMiorj At Croustadt, and one oq a reduced scale at Astracati. 
Tbe litrge dock g^tiea of Sebaatopol, ten pairs in number^ owed 
""•^^IT eiwtenee aUo to the same Rouroe. 

Her Hajeaty's Navy the Meaars. Bennie constructed many 
Danne engines, and among them those for the "Sampson/' 
' Bulldog/* " Vnlcau," *' Megcera/* *' Rejmard,'' *' Cruiser," *^Obe- 
** &c When these and other works of a similar nature were 
lletedy Sir John Rennie quitted the firm, and Mr, George 
e formed a partnership with hia two sous. The new firm, 
^' be mentioned, have since designed and constructed marine 
jnea for the Peninsular and Oriental, the French and Sardi- 
L Transatlantic and other companies, besides greatly extending 
pnerai mechanical departtuent uf the eiiitabli^hmeot. 
Trfr. George Rennie was elected a Fellow of the Royal Society 
I^iS, and he subsequently held the offices of treasurer and vice- 
"' ient for more than five years. He was ttl»o a fellow, or mem- 
I the Astronomical, Geological, Civil Engineers, and Philo- 
al societies, and an honorary member of the i{oyal 
nies of Dublin, Turin, and Rotterdam. He served in the 
[Jommission for investigating and tsx peri men ting upon the 
th ef iron» and, jointly with Mr. Hodgkinson, conducted a 
Tof exhaustive experi menu elucidatory of the subject The 
aiittfl of this inquiry have since proved of great value to the 
praotical engineers and architects of this and other countries. 
Mr. Rennie was one of the jurors named by the Government for 
the Crystal Palace of 1851, and was also appointed to a similar 
office at the Paris Exposition of 1855. 

He was chosen aa Referee by the House of Commons at a later 
period, relative to the printing of their proceedings. Many 
tmluable papers were contributed by him to the Royal Society, 
Eld they are permanently preserved in its volumes of " Transac- 
j:>na«^ Some of these may here be enumerated, as their titles 
rill serve to show the wide range of subjects be had consideied 
od the versatility of his talent Among them were treatises on 
'The Strength of Materials,*^ the "Friction and Resistance of 
Taid?H" the '* liondon, Metropolitan, and other Bridges;" on the^ 
'History and Present State of Hydraulics," and on the ^ 
* Advancement of Science.** The general literary works of Mr. 
ennie include volumes or pamphlets on ** the Heat producijd by 
ting Wiitcr,*' on " the Resistance of ^crew Propellers when 
nvea at High Velocities and at Different Depths.''* On the 
~ ^ osioQ of Arches of Stone and Iron;" on the "A<|uednct 
Hdge of Roque Favore,'' Ac. He brought out a new edition of 
Tredgold on the Steam Engine, and enriched it with con- 
" ible additional matter culled from his own experience. 
may be said of Buchanan's admirable treatise on 

otk and machinery, which he re-edited and supplemented 

by im extensive and entirely new series of chapters on tools. 

In the year 1857, Mr, Kennie designed a plan of a breakwater 
for improving tlie port and harbour of Liverpool It was in- 
tended that this work should project from the Black Rock point; 
at the m^uth of the Mersey, on the Cheshire shore, and advance 
in a lin? nearly parallel to the Lanca««hire shore, to a distanoe of 
ihrm miles, where it should terminate by a lighthouse. Among 
the advantages whicb ^Ir. Kennie calculated would arise from 
the existence of such a structure here, the prevention of many 
ahip wrecks, and of the loss of many lives annually ; the recla- 
m&ti4>B of forty thousand acres of sand-banks; and the reduction 
to a minimum of the great expenses now incurred tn maintaining 
lb© lights, buoys, steam tuojs, dredgers, &c., employed in pre- 
serving the direction and depth of the sea channels, and which 
heavily tax the forty thousand ships and four millions of tons 
earried by them annually. This gigantic proposition was not 
reaJined, but undoubtedly honour is due to Mr, Heunie for 
making it: some day we may witness its resuscitation and pOB- 
* aiblj its acorn pi ishment 

Mr. Bennie's reports on civil engineering works are nnmeroua 
and we hope that they will be eventually collected and printed, 
as thej deserve to be. 

We have thus endeavoured to enumerate some of the principal 
works in which Mr George Rennie was engaged; but his history 
will remain to be written at a subsequent period. During a long 
life he was constantly engaged in the promotion of mechanical 

* tl it p<«p«r to mcDtioD In ooDo«cti<m vitb tliiJi part of crar subject ibait to Mr. 
V#ttnkr'« rwrtlone after hb <?faiiiBtnicti<i«i of the wbU known BteAmve-Mcl the Arcbl- 
BkcdbM, &• 4««, UrgelT, Ui« iiitrodui-tioo of terew prupaJftion iuta tbo IU)r*l ^a^> 
Hr. ^vaalt irst a ttrcououi* advocate of lbs Krew iiropcUer wbes uiany olbcr engi- 
llo c«t«riiuii the ide& ofemployiliK it at all, m4 whcA Ur, F. P. SoilUi, 
I Bi«n, 4Uiv4 ia oMd QKMppaiitii. 



and engineering science, and in the realisation of designs having 
for I heir object the material and moral welfare of mankind. Hie 
tttind was never idle, and in this res^iect especially his example 
inny be citetl for the advantage of others who desire to ascend 
the pathway leading to the Temple of Fame, Those who were 
inoftt intimately associated with Mr. Rennie beat know of hit 
liigh moral cliaracteriatics, 

Tfie funeral of Mr George Rennie took place in the pretty 
churchyard of Hulmwood, near Dorking, Surrey, on the 6th ult., 
just a we<?k after his death; it was cond acted in that uuosten- 
lations mariner which was consonant with his character, and 
l«eiitting the last scene of all in the career of a great and a good 
njHii. 

If it be not finally determined to remove his ashes from their 
pteaent ren ting- pi ace, and to deposit them beside those uf hii 
father in the vnulisi of St Pi^urs Cathedral, we would suggest 
ibiit a monument be ei-ected over Mr. Rennie'^ grave at Holm^ 
wood, and that the necessary funds for the purpose be famished 
by subscription atnong the host of friends and udoilV^ni who 
bi nee rely mourn hid lo^»8. 



FORMUL^f: FOR OBTAINING THE STRAINS ON THEt 

SEV^EliAL PARTS OF GIRDERS AND XlOOm, 

By ALFftED A. LAiraLKT, C.E. 

Let any triangular combinHtlon of bars, sech a^ la shown in 
the annexed figure, be loaded with weights V| w^ w^ &c., at the 
point of junction of the intermediate and upper bara» Find the 
vv«[ghi or reaction at the iU[>|vort A, owing to these weightt, 
which cull K. Let 8 equal the strain on any of the lower bars in 



^1 
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W/ 



* F H ' 

the direction of its length, which strain we shall now proceed to 
find oii the bar FG. Draw the line HD perpendicular to FG, 
and thrntigh the point D. Let the sum of the weights between 
1> ntid Ihe su]}port A be called W,and let the horizontal distanoe 
of iu eiiotre of gravity from D be called ^, alao let d equal the 
horizon tid disiujice between A and D. Then taking the moments 
about the point D we have 

By the above process the strains on each of the lower and 
upfjer bars may be obtained; the upper bars will be in compree- 
sioi), mid the lower ones will be subject to a tensile strain. 

jHttfrrtrnfinte Bars. — ^There are four bars meeting at each of the 
pt>irit8 tC,F,G, &C., their directions are known, and after obtaining 
the rftiaius on the two lower bars by the preceding formula, the 
force*! acting on the remaining two intermediate bars can be cal- 
cnl'Ued by properly resolving the forces so that tiiey may be in 
etpiilibiium. 

The forces can readily be arrived at by construction at follows: — 
Let the indiuation of ihe four Imt^ meeting in F be shown in 
Fig. 2 by th© lines EF, CF, DF, and GF. On ihe lower 
\tnrii set olf distances, FJ and FK, representing the strains on 
these bars. Produce the line of the bar on which tbere is iUe 



I 

preatest strain, which we will suppose to be JP, diaw a line frwn 
K perppndicnhir to KF, snd intersecting H \u I. Set r»lf 
JM = FL Draw i;S through the point N, perpendicular ta^F, 
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and draw a line parallel to EI from K, iatenieciiDg LS in T; 
then Will TF be the reaultaiit of the fni-cea actinjj oq the iut^r- 
tue<.li&te bars; from T draw Imea pat^illul to PD and FC, luter* 
iecting them in O nnd V, tljeu will FO and FV represent the 
itniina oo FC mid FD reapet'tively. When T lies between the 
ititeruiediate bni-e they will both be in cnmpresaion, and when 
between the lines of the intermediate bars produced below F, 
both in teudiou; but if the resultant 13 not in either po^itiorii 
Iheri the bar nearest T will be in ctympression, and the other in 
teMioD. Let the strain on £F and FK := H and h reapectiveljj 
4l6o Ut the angles CFE, CFD, and DFG =: a, ff, and ^ renpec- 
ii\rely, and the required strain on CF=r« and on DiP^^if; we ctiu 
Iben at once write down 

~ Bin pi ~' ain ^ 
— am ^ ~ ain/3 



BELFAST WESLEYAN COLLEGE. 

Tbb foandation stone of this college was laid in the antamn 
of last year. The building, which has now made considerable 
progress, will Vie in the Gothic style, of the iDiual academic ty|^ 
— ^the details E;*rly English in chanicter. It comprises a longi- 
ttidinal mnin build iug, 19u ft. long, with two tniu»verse win>;«, 
ehch 130 ft, in length, projecting both to front and rear. In the 
centre a ma^ssiv*© lower projectd boldly' from the main buildin;^. 
A plateau or terrace in front will be laid out in ornamental beds 
and walks. There is also a central rear building, containing the 
refectory, kitchtin, laundry, nnd otficea. The college is to serve 
for two distinct pnrpoBea^ namely, a theological college and a 
preparatory schooK The left aide of the building is devoted to 
the collegiate department, the right to the school, the depart- 
ments common to both occupying the centre. 

The principal entrance and the president's house oocnpy the 
centre of the front ; the theological tutor, on the left, nnd the 
bead-master, on the right, have their residences in the mniu 
bnilding, each having a separate entrance. At one side of the 
principal entrance are the waiting-room and board-room; and at 
the other the preftidenl'a hall and staircase, also his study and 
dressing-room. The rest of the presldeufs, tutori*, and head- 
maflier's apartments are in the basement and on the first-floor of 
the front building. Each house is perfectly distinct an 1 self- 
contained. Belaud the entrance-ball a corridor or cloister leads 
right and left to the school-room and lecture-hall, which form the 
front projecting wing, each about 5o ft, by 21 ft. in the clear. 
The lecturediall has a partially open roof, with semicircular ribs 
to tbe priucipiils, ami orujiniental pierced boarding filling the 
•pandreU. The scht>ul-room is 20 ft. high, and baa a dormitory 
over. 

The total number of students to be accommodated is 20 ; of 
boarders, SO ; and of day pupils, a little over lOO. A separate 
entrance is provided for the students, and one for the bf^ys, in 
tbeir relative ataircise towers. These latter form a good feature 
io tlie dei^igng. To the lecture- ha 11 a distinct entrance is pro* 
vided for the a^^^mission of the public, on tbe occasion of Ucturea, 
distribution of prizes, &c. 

The rear projecting wings contxdn the class-rooms and the 
library of each department, with dormitories over. The rear 
oentnd building is connecte^J with the main building by a con- 
iml staircase, with two side pitssa;^^^ t*^ the dining-room, which 
meaaures 50 feet by ^5 feet in the clear, and has an open roof 
In one corner is a recess containing a lift communicating with 
the kitchen, which is immediatedly beneath. To the rear of tbe 
diniDg-hail are placed the butlei^a pantry, matron's rooms, 
storeS| &C., with a back entrance. The main kitchen, sculleries, 
aervants' rooms, and minor odices, are in the baaement The 
rear projecting wings are so planned as to be capable of further 
extension. 

Ejt tending over the residences, the students' bedrooms occupy 
A portion of tbe second-floor of the front, a separate room being 
given to each. Large dormitories, extending over residences 
and schoolroom, are providetl for the boys, in some of which 
the system of division into cubicles is adopted. Separate bed- 
rooms for the under-masters are placed in immediate connection 
vith the boys' dormitories, Watei^closel8| lavatories, tLnd bath- 



rooms, in y- * ■♦■ n to the number to \k »(;c«niini'>ti iiyO, »j« I 
provided if ]►! rices. 

At the i:... .... , aLrances, stone af^v^r-.^r.^^^ ;u |ii(j ^jj^ tow**r 

give access to the upper floor. The nl the building, ai 

the rear of thedining-halt, at one siii. , :^;iu ht^spitat; atth« 

other, amrtnjents for the matron and iemal«- n^'rvants, each side 
approached by a separate staircaae. The bnitding is irit-^ud^Hl t^l 
be of Belfast red brick, with drensings of fret*stone from Gla 
gow; the rubble walling in the basement is uf the freestone 
tbe locality. 

It is intende<l for tbe present to omit a portion of tbe witj|i 
Tbe cost of the building, as now contracted for, will be jSll^OOiKl 
The architect whose design, selected in a limited con)(>etition, ifl 
being carried out, is Mr. William Fogerty, of Dublin, Th#' 
builder is Mr. James Henry, of Belfast, 



Ipswich A^euf Town HtilL — The foundation stone of 
building has at last been laid. The wnrka are being < 
out under the direction of Messrs. B<jllamy anil Harrly, 
tects, the contract amounting to .£11,760, b»^ing taken by M.r. 
Gibbons, of Ipswich, and the masonry is being executed by Mr*1 
B. Ireland, of Ipswich. Mr. W. P. kibbnna, the borongh eur* f 
veyor, and Mr. E. Catchpole, act as clerks of the works. Th« 
building has now ao far progressed as to be in some places ocm* 
siderably above the level of the ground, The stvle is Venetian* 
The principal front towards the C^rnhill is divided into eentr 
and side wings. The centre is eomposetl of three caiiopie 
openings surmounted by a tower and clock turret, with illumi 
nated diula. Balconies are provitJeil in the fir^t or princi})! 
story, from which public meetings held on the Cornhill may I 
addressed. The wings on either aides are divided by rent 
cnlated pilasters, forming arched and deeply recessed bays for* 
windows. Red Mansfield stone will be used for the plinth i»f 
tbe building, and the columns and the pilastet^ throughout.^ 
The grand staircase will also be of red Mansfield stone, Thefl 
height of the building from the grouud to the top of lh»^ 
b» I us trade will be 65 feet, and to the top of the tower will be 
luo feet. 
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StatuB ofJamen Watt.— k statue of Watt is abont to be erected 
in Birmingham. It will be in marble, and 8 feet high. Mr. A«^ 

Mvtnro is the sculptor. 

New Dock Workf, Sundt^lnnd.^The bridge across t^e jnnc^on 
entrance, being the first portion of tbe work in connection with 
the new Hindon Dock, was opened on tbe 25(.h ult., by tbe 
chairman of the Commissionere of the River We.'ir. Tbe bridj 
which is of rrno, is lifted off its snpports br means of a hj\\ 
press, it works on a water centre beneath the pivot of the bi 
after being lifted about 2 inehps, it is swung round by 
of handles attached to ejich wheel work. The total 
is about 100 tons, its length 110 feet, span 60 feet, its bi 
12 feet 6 inches, depth of outside girders in centre Ti fyt 
bridge on being swung round worked admirnbly. Tbei^L 
dock works, which have progressed most favourably stne^ 
commencement, two years ago, are expected to be ready fr»r 
opening throughout on tbe Ist October next. They ai-e fre*m lb<i 
designs and under the direction of Thomas M*?ik, tbe Commm- 
stonere' engineer ; Messrs. Sir W. Armstrong and Go,, Newcaatle^ 
being the contractors for the machinery. 

A new Church at Fawhy, O^m, was consecrated on the 1 2th 
ult. Tbe style of bnilding is early medioival, and it oonaiat** uf 
nave, aisles, chancel, and circnlar apse. Tbe roof of the cbanct'l 
is composed of gro^'ued stone. Tbe roof of tbe cliuicb is open' 
timbered, and the walls are of atone from Bisley-f^ ■ • -- * 
Cirencester, hammer dressed. The pillara are of 1 1 
Devonshire marble, with carved Bath alone capituU. . ... , ^;...., . 
ie by Earp, of Lambeth, from a design by Mr. G, E. Street, fhu 
arcliitect ; it consists of three cornpartmenta, tbe centre panel 
containing the Crucifixion, and filled in with moaaicss. The font 
is of Bath stont richly carved, and the pulpit of the same kiu< 
of marble aa the pillars. The floor ia laid with encaustic tiles b 
Godwin. The acata are open and of caived oak, and olftv 
accommodation for about 200. On the north side of tbe chancet 
Btands the organ, which was built by Hunter, of Kenningtun 
green. The whole of the works were carried out by Measm 
Rogers and Booth, of GoBi>ort, the duties of clerk of tlie worb 
being carried out by Mr. Cloutmat*. The uovt of the atroctUJ^ 
independent of the site, was about ^3000. 
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St. Philip, Camber well," of which a complete series of plana, 
aectioos, and elevatioua, is giveti id (175 — 178); though the over- 
haDgiog of the complete belfry stage is Dot altogether judiciouit. 

Mr. Mocatta, in his Italian «ketchea, has supplied an iotereatiog 
itudy ; those from Milan Cathedral (91) eapeciaUy. Nor ahould 
hiB ** View at Atoiens " (242) be overlooked. The greater part of 
the church of St Cuthbert, Darlington, has been restored, we 
believe, by Mr. Scott ; but Mr. J. R Pritchett shows (93) the 
east end, as recently restored by himself. Tbia church is well 
known na one of the finest examples of early work in the north 
of England ; and it is gratifjaiig to know that, from a very 
threatening oondilbn,it has been made thorrmghly aound, and 
restored, as far as possible, to its original design. 

In a clever allegorical panel in the proscenium of the theatre at 
Nottingham, Mr. Holliday has depicted Shakespeare, with the 
principal characters from bis comedies and tragedies, formtnrr 
part of an architectural composition designed by Mr. C, J. 
Phipps, and here shown in a coloured photograph (98} ; the same 
frame containing views of the interiors of the theatres at South 
Shields and Nottingham. (101) Contains five photographs of 
recent ly-erected buildings by Mr. Thomas Harris ; the originality 
in which partakes (|uite as much of blemish as is displayed in 
most things of the kind, too often wildly novel and proportion- 
ably unsatisfactory. "The Vicar's Hou^e, Lowestoft," in this 
iieriesp is a caae in point 

In the large gallery, the first subject la " the building designed 
for the International Exhibition, Bombay/^ by Messrit. Imbshaw 
and T. Roger Smith, shown in a cleverly coloured mtenorview 
{118), while (249) gives an exterir^r view of the same building. 
in both of these drawings, though there is much to rtnnind one 
of the ordinarily received type of such editicea, particularly in 
the application of iron and glass, the modifications neceaanry to 
suit local exigencies have not been overlooked, and consequently 
there is an air of truthful novelty in the geneiml aspect, which 
18 very satisfactory. But by far the most iouportiint drawings in 
the room, and indeed in the whole collection, are those contributed 
from the recent competition for the New St Piincrns Station and 
Hotel for the Midland Railway Comptvny, in the Eusion Road. 
The de&igns which received the first and second premiums are 
exhibited at the Royat Acaderayj but there are here before us 
(taking them in the order of the catalogue) portions of the designs 
of Messrs. F. P. Cockerell, Owen Jones, and T. C. Sorby. That 
of Mr Cockerell includes the general plan, bat as it is hung 
above the eye, it cannot well be adequately examined* Considering, 
however, the magnrtude of tlie scheme, the general arrangement 
seems dictated by the site, and one which, probably, most of the 
other competitors have more or less followed. Not so, however, 
the character of their respective elevations, which are widely 
dissimilar ; the first- mentioned being gloomy, tame, nnd un- 
picturesQue in the extreme. It is therefore the more to be 
regretted that thin design is the most completely illustrated by 
the geometrical drawings also ; while Mr. Uwen Jones baa none 
at adlf and Mr. Sorby only a section of the passenger shed, and 
some beaulifully^stadied and coloured portions at large, Mr. 
Owen Jones's design is not intriiisicjdly very striking, except in 
boldness, but it is made so by the masterly skill of the artist, 
who, in the interior view (128), has overcome with consummate 
ability a very difficult task. 

Mr. Sorby^s principal elevation differa from the others in its 
being more symmetrical, and planned on one continuous curve, 
whereas the others ap|Hiar to follow more rigidly the precise 
outline of the ground. The style of the elevation is Italian^ — so 
far agreeing with the othei-s by its side, — but there is a tinge of 
French detail about the windows and other parts, which is by no 
means uupleaiing. In plnce of being able to examine the direct 
plan, we must content ourselves with portions of the author's 
description of his design, which he states to have resulted from a 
personal inspection of the princip.al metropolitan stations and 
hotels, in company with the managing ofiicials of the varions 
departments* The scheme of the plan of the railway otfiee is 
based upon that of the Great Northern, containing a booking 
office 88 feet long, 65 feet wide, and 55 feet high, with an otfice 
for ticket clerks 40 feet by 30 feet 

** By placing the clerk's office central, finit- class paagengers have th<* 
groat advantage of quiet nesn, and heiog ' («ekct/ an arrangement highlv 
appreciated, and adopted in effeet nt Charing Crura and the new High 
Level Station at Sydenham, &c., with the most nuricjed satisfaction. 
Cotitiguaua Are the hranch telegraph, the eUitioo sapeiintandout*s office, 
mod ibo first- class general and ladies* waiting rooms, both with direct 



nccees to the platform. Convenient lavatories and W» C« are pn»vidMi 
for the use of both ladies and gentlemen. 

On the second'dasB side are two waiting rooms conimunkiatlng« and 
with direct access to the platform; also an eaeUj aooeisible dcpArtans 
cloak room, with spacious entrance lobby oonununicating with plAtforto 
and IxKiking office. A conveniently placed cloak room \b also provided 
on the arrival pbtfonn, with * lost property* office adjoining. 

The excursion or iecondary booking office is 66 feet long, 25 feei 
wide, and 25 feet high^ pLooc^i opposite the central platform; the tickc4 
derks' office being taken out of the adjoining rooms, leaves the space 
unencumbered (see drawing No. 1). A general waiting nxim, SO feei 
by 25 feet, with ladies' waiting and rearing rooms, with the usual oon- 
venience, is attached. 

An office, 32 feet bv 22 feet, approached from the end pUtfonn, Is 
proviflod for the divisionaJ Buperinteadeat> within easy distanoe from the 
staircaiie to the company's ofBces. 

An office 2'1 feet by IS fect» is placed near the excursion booking- 
office for the G.E. agent; if requisite at any time, a stidrcaae ami 
anotJi^r office of tlie same dse might be constructed over, tm there ia 
ample height for the purpose. 

CnntiguauH to the exit gateway, the exit stairoaaet and the antval 
cloak mom, \s a convenient gentlemen^s waiting room, ¥dth lavatory and 
drc^ssing room attached^ for the beneUt of gentlemen arriving tmrly from 
a long joomey; similar accommodation is provided for lamea. W. C, 
an<l urinals are avoided in tho gtentlemen^s room, as they are to be fonnil 
close by , 

" Experience at the Great Northern Railway proves that a long narrow 
lamp mom ia a great error, and the smell of oil a nuisance on Sie plat- 
form. I therefore propose a large square room, 32 feet by 30 feet, with 
a 10 feet poA&age way to the platform, placed in a oeotrot position, 
e<juul!y c^mvenlent for the lamping and tLnlamplng of trains; this room 
Would he floored with ziuc on b^mrda, and fitted up with stove shelves,^ 
bracket;*^ Ftinks and counters, for every convenience of trimming, filling 
and repairing the Umps. 

The principal * outwards parcel office' is placed on the depttfture 
platfonn, similar to that at the Great Norinem Fail way and (ireal 
Weatem liailway, with thia extra advantage, that a door at the end will 
enable large batcbes of parcels of private property, requiring special oare, 
to he p1a(%d in a van on the outfiiiio raUs lx;fore being attached to the 
train. A branch outwards parcel office is placed at the street level, at 
the comer of the Euston and Okl St. Paneraa roads, adjoining tha 
*■ inwards parcels office.'* By this means, I should obtain parcels from 
the rapid |)a«sing trtiffic and light carta, oflenng the same advantages as 
the various * town r^jcei *ing offices," and also helping to catch and divert 
parcels at present sent per Great Northern Railway or London and 
North" Western Railway by means of offering more convenienoee to those 
pa»Hing th&t way than these lines possess. ' Parcels received here would 
be hoisted to the inwards office above on platform, and conveyed to their 
proper vans. 

Thii principal inwards parcels office would be on the platform level, 
S.E. ooniori where tbe parcels would pass through the books, then he 
sent down the htiiat or sliding shoot tn the office below for deliverr 
int4^> the cArts. A aimikr inwards parcels office is plactd at. the north 
end ef the platform, with hoiijta and shoots to the delivery office below; 
but this office I regard aa more for the reception of fish, pooltry, 
cheese, butter, eggs, meat, and articles of that description, and the 
trains from the north tnight be made up accordingly. The shops which 
I have indicated in the elevation drawing No. 3, are prepared for the 
sale of produce ofT the line, both wholegale and retail. 

An entrance hall, approached from the carriage exit gateway, leads 
to a spacious and handiome staircase, lighted from above, for tha 
directoni aaoeoding to the board room. A staircaee for the public 
and companyV empLoyiSes is piacisd close by, with entrance from the 
platfonn. 

At the head of the board room staircase is placed a room for board 
mesa«!ngcrs, and ante-room to board room, with general waiting room 
for parties attenrling on appointment and dismissal days, and Ifares 
or four private waiting rooms. The board room would be a handsome 
apartment, 37 feet long, with alcove end* 27 feet wide, and 17 feet 
high, adioining which would be the committee room, 27 feet by IS 
feet, and the fvartition Ijctween these two rooms would be made to 
slide bodily up, 8o ba to throw the two rooms into one room, S6 fmi 
by 27 feet, if re<iui»ite for a larger meeting , 

The structure throughout would be fire-proof, the flooni being con* 
structed with Uennett*s patent arch on rolled iron ]oists, Ac, with board 
flours over mme in the roonw, and tiles or stone huidingB in corridors, Ac 
A lift near the public staircase brings cools from the basement to a small 
Btoro on this and the other floors, and a shoot carries away the dust to a 
proper receptacle in the basement. The main transverse walls would be 
so arranged (and the intervening walls carried on girders, and so ht 
removables) in ibis and the upjier fl^xirs, that tbe directota could either 
odd to their office accommoflation by taking in rooms now set apart for 
the hotel, or alter the size of the rooms, or give up certain ttKims and 
add them to the area of the hotel at various times, as circumstaiMMi 
might indicate, Wiithout interfering with the stability of llw 
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conatderatiQn of archea and walla, with the thruala upon thena, 
will aNo have some alteotion. 

Form and the Balance of Forces, — ^St&tics, or the science of 
baUaced forces, may be simplified iuto weight aad force, and 
A stnictnre may be said to can^iat of an arraogemeDt of material 
or weight to preserv^e a defiuite form, either by frataitig or 
the natural combination of the material within itself; and the 
investigation of the forces that are diBtri bated so as to balance 
them, form t!ie subject of this div^iBiOQ. 

The attraction towarrls the earth of a body, aod the intensity 
with which it is attracted^ is as its speci&c gravity or weight 
acting in a line to tlie centre of the earth ; not only does the 
entire mass act, but also the parts of which the weight consists, 
as in the case of a beam spanning an opening. Imagine a line 
in the centre of it being composed of an iudeGnite quantity of 
pointa or centres of attraction equally heavy, and acting in the 
same downward direction, and considered as acting in Fines 
parallel to each otber ; each of these centres are connected to 
each other by the natural cohesion of the material, and are 
collected at the centre, which becomes the centre of gravity of the 
line, and is always in the middle of its length. A rectangular 
beam (6g. 1, plate 21) then, bein^ cousidered as made up of an 
infinite number of lines, has also its centre of gravity there. 
This system of finding the gravity of a beam by the action on its 
pointa applies equally to irregular shaped beams as well as 
regular, for example : if a beam be of this shape (fig. 2), or has 
more to carry at one end than another, where will be found its 
centre of gravity, or the position a column should bt* placed 
under it to make the best use of the material, Tt is evident upon 
referring to the diagram tliat the masses on each aide of the 
centre line A must be equal, therefore a point that has the parts 
all around it balanced must he Us centre of gravity ; the proof of 
this is simple, for if the mass bo suspended longways from B, its 
vertical line will be found in the direction of B C ; if suspended 
at D, in the direction of D E ; and a line drawn through th© 
centre thus found will divide tlie beam into two equal quantities; 
a glance at the diagram will shew the correctness of this, 
and from whatever point the ranss l>e suspended the vertical will 
cross the same centre. In triangular forms the centre is found 
by bisecting the sides, and drawing lines to the opposite angles, 
as in fig. 3, the intersection will he the centre and position of 
the vertical line A, if tiie mass or beam were supported at each 
end. The centre of gravity of a regular curved line is found hy 
multiplying tlie chord of the segment by the radius, and dividing 
by the length of the arc, the fourth term giving the dii^tance of 
the centre of gravity from the centre of the circle, for example, 
%. 4 takes an angle of m"^ A, whose radii, AB, AC, form the 
fides of a square each e^iual to 1, therefore the chord C B is the 
I diagonal, and equal to I '414, and the arc is equal to one fourth the 
circumference of the circle or 1"572; the formulse algebraically 
stand thus : — 

6B X AG ^„ 1-414 X 1 



CBD 



1*572 



giving the distance of the centre of gravity E ^ from the 
centre of the circle, showing clearly that a circular line is not 
equally balanced in quantity about the centre of gravity line, 
except when suspended from D. The applic;ition of these results 
will be further spoken of when referring to arches, curved 
ribs, &c &c. 

The whole of the assumed parts into which we have imagined 
the beam divided are rigidly connected together, and act with 
equal downward force In the middle or centre line of gravity, 
and is considered equal to the whole load of the beam : this 
collection of the separate forces into one at the centre is called 
the resultant of the load^ and must be necesscirily equal to it — 
and a measure or a result of the combined forces acting on the 
beam in a vertical downward direction and for distinction is 
called the vertical force. The two supports also, dormant as they 
appear, exert forces in the exact proportion of the load tbey bear, 
and are called the resistiog or aapporting forces, being always 
equal to the applied or vertical force. The power of resistance 
in a body is said to he somewhat analogous to gravity, and won- 
derfully accommodates itself t4> the force it lias to resist, exerting 
so much force as is required ouly. The exact balance of these 
two forces main lain the body in a state of forced rest or 
equilibrium, and are distributed throughout the l^m in eqmd 
proportions. 

We have considered as yet, forces acting vertically only, and 



irrespective of their inten'sity and direction. The laws of obUqne 
forces, or forces acting at an angle with the horizon, differ 
essentially from the former, for their direction and intensity being 
given, we have to find a third that shall balance them, or one 
beiug given and the other two in direction only, the amount of 
force each requires to balance the given one. Let two forces be 
inclined to u vertical, and represented by two lines, AB, AC, 
Fig, 5, whose position indicate the direction and whose length 
show the amount of force in units of a given weight Bj 
drawing the lines CD, BD, parallel to the two gtveu lines, a 
parallelogram will be formed whose diagonal AD will represent 
in direction and length the force required to balance the twa 
given ones, and is their resultant. 

A very practical and simple experiment will demonstrate the 
correctness of this law, upon which depends the whole system, of 
the parallelogram of pressures, so particularly applicable to con- 
struction.^ if a vessel of water be filled to the brim, and a flat 
bo-ird be floated on its surface, with three strings attached to it 
in any position by the pins 1, 2, 3, tig, 6, now fasten three strinpn 
to them adjusted so as to pass over pntlies at the side, at A, B, C, 
and attach different weights at the end of each. The first thing 
to be observed is, that if the three lines are produced they will 
meet at a common centre at O, and if A be extended to represent 
inches in length'the lbs. weight at A, and DO at B; complete the 
parallelogram of which these are the sideB, wlien it will be found 
that the two lines will intersect at F, and the diagonal FO will 
be equal to the third force. 

The foregoing rules given refer to forces in a horizontal plane, 
and are dithcult of application to building, where the neutralisa* 
tion of gravity is the chief cousideratiotu I have not been able 
to apply to my satisfaction the rules generally given for the 
parallelogram of forces, but I think the following a practical one^ 
and easy of application, if not original. In the first pUce, the 
horizontal beam of a given weight, say 2 cwt., rests upon two 
supports with a force of one cwt. each, this we will call its hori- 
zontai thru^^t or pressure, AB, fig. 7, while its vertical pressure 
will be represented by AC, which is the entire weight of the beam, 
or 2 cwL It is evident that in passing through nil the angles of 
the quadrant half the weight of the beam is gradually increased 
from the other half, until it merges into the total weight of the 
beam in the vertical jKisitian upon the support A, and at every 
angle a iwrtion of the weight acts with a force tending to turn 
the support A, over at a loss of downward pressure on B, It will 
be seen on reference to the diagnim, that when at an angle of 
45° with the horizon, the two lines, DE, EF, perpendicular to 
the vertical and horizontal lines AB, AC, are equal, bat the 
pressures are not equal, for half the weight of the beam is still 
npou the support (A) but increased in the proportion of the sine 
of the angle DE, taking half the beam as a radius. The amount 
it requires to make up the two cwt. being ita pressure on the 
support B; for example, the angle of 45** whose radius equals one 
cwt. or half the length of the beam, the sine of that angle is 
the line DE, and equals "707, therefore the pressure on the 
support (A) equals 1707, and on B if it were raised to it would 
bti the difference or *2i>iJ, and tiie outward thrust on (A) '707. 
The application of this rule to a pair of rafters wiU bo in precisely 
the surae manner, of course considering the two pressures that 
meet at the junction of the rafters as vertical pressures, and 
equal to each other. Should each side not be the same angle, 
the methoi] of piT>ceediug would bo still the same, but the 
different downward pressures at the apex require to bo nentfm- 
lisod, which miy be done by divertiug the pressure there at i_ 
another angle, which will be treated of more fully in its place on H 
the balance of framework. H 

Another very important force, of which we are continually see- - 
ing the eflfecta, claims a large share of our attention, that is the 
principles of leverage or the theory of couples, I regret not being 
able to treat of thid branch more fully, having limited myself 
more particularly to the application of practical rules to'oon- 
structiou, giving just so much theory only as is required to show 
the meatis by which the conclusions are arrived at, and to render 
the subject tmceable to more detiiled works. Two equal force* 
acting in opposite directions^ but not in the same line of action. 
ars called a couple. The two forces in a beam, for instance, the j 
vertical and supporting pressures as before described acting in 
the direction of the arrows AH, fig, 1, while the distance between 
them is called the arm or leverage of the couple. You will 
readily perceive that if the beam were extended along to D, the 

* MosdeT't lieduuilcA. 
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force al B, would tend to turn it ou the base or fulcnitn C, and 
the disUiDce BC, multiplied by the force applied, ia called the 
motucjot of that force, hence a beam fixed at the eada ia doublj 
as strong as one merely supported, because the leverage ia equally 
biilaQced. Suppose a mass of atoue or any other material, Jig. 8, 
w&te required to be moved, say ou a centre at (a), and require 
forces to move it 40 lb. each applied in the direction of the 
arrows 6 ftj, the lererage will be equal; but if, instead of apply- 
ing the force at 6, it ia exerted at c, it wiU require 70 lb. to 
produee the same effect as 6^ does, and a correspouding altera- 
tioa ia the upper force c, to produce only a force of 10 lb. 
Taking then each of the diviiions as representing 10 lb., 
multiply the weight on one side by the divisions on the other; 
the result ia the momenta of the forces. 

Before applying the foregoing rules to construction, I have to 
ask your attention to a few remarks on the strength of materials. 
There is no part of my subject of greater importance than iuvesti- 
gations couuected with the streugth of materiala ; the resistance 
to forces variably applied is first ascertained by practical 
experiment, and upon it dependa the most satisfactory demon- 
stration of the rules deduced therefrom — and what are called 
the mmiurea or moduli of atrength to reaiat force in a given direc- 
tion. Whatever be the position of the force or load with respect 
to the material to be acted upon, the I'esiatance or teudencyithas 
to recover its original state ia called its elasticity. When the 
force applied is not so great as the direct elasticity of the 
materia], the body ia said to be elastic (to a certain degree) if the 
load is increased beyond this fracture ensues. I may here 
mention that the laws of elasticity applied to a sphere equally 
apply to a beam, for if it ia compressed trauavorsely it lengthens 
longitudinally — and viae vtr^d. The load applied to cause 
fracture ia called the breaking load \ and the load that may be 
applied with safety, without injury to the material^ is called the 
proof load. 

The different ways a material may be injiireJ or broken we 

may reduce to two : that where the force is applied longitudinally, 

I and transversely. By ihetirst we may have tension — tenacity or 

I resistance to teariDg^ — and compression or crushing by a ditect 

^» thrust The force applied transversely produces three principal 

^^M kinds of fractures : — 1, distortion or shearing (thai is the sliding 

^^™ of one part on another) ; 2, twisting or wreticiung ; and 3, bending 

f or breaking across. The following table* will give the moduli of 

itrength or the force under which a given material begins to 

yield or fracture. The experiments being made or reduced to the 

' application of the force in pounds on the square inchj in the case 

of breaking across they are reduced to bars one inch square and 

, one foot between the supports. 



Tension, 
Tearing 

or 
Tfliiftcitf. 



!B1r 



^Mk. 

IT^rought Iron 
^Sandstone 



limes tone 



Cortar 



13,000 
15,000 
16,000 
60,000 



GO 



Coropre*. eroM- 
■ion or bp^jt. 
CniEhing I i^ 



5700 

10,000 

112,000 

38,000 

4400 



Strotchiiig. 



27,700 
60,000 



HodtiXmi 
of £l«t^idt7 
tniuf«r9el]r 
Dktonko. 



1,600,000 

1,400,000 

17,000,000 

20,000,000 

16,000,000 



2,850,000 
9,000,000 



There are three priacipal forces which are generally compre- 
llAiided under the word ttrets : — Ist, thrust or compressian, when 
MOh poshes the other towards the centre ; 2nd, tension or pnO, 
vbea each draws the other; and 3rd, shear, when each draws the 
other on itaelf. 



The atrenfjth of timber depends on the adhesion of the two 
tissues, the £brous and cellular^ arranged in alternate rings. The 
fir woods are those mostly that contain turpentine, the fibres are 
straight, and their resistance to tension is considerable, being 
nearly that of oak ; but the adhesion of the fibres to each other 
is very small, their eonse^iuent resisting power to shearing is but 
650 lb. ; whertias in oak it is 2300 lb. ^ a fact to be borne in 
mind when the force at the end of a tie beam is great The 
tenacity of the fibres to each other of oak, and its durability, give 
it an advantage over fir, particularly for columns ; but ita pro- 
portion for bearing a transverse load is not sufficient to compensate 
for its extra cost over fir. 

The strength of cast-iron is remarkabie, as having ita resistaQoe 
to tension so small (16,500 lb.) as compared to crushing (40,000 lb*) 
Also the greater tenacity of the skin or exterior of the beam 
than the interior. Wrougbt-iron, like other fibrous subatancea, 
has more tenacity along than across, and its resistance to tension 
(60,000 lb.) is greater than to crushing (38,000 lb.) 

On Beams and Girders. — In a former paragraph has been, 
described the weight or load of a beam, and its resisting pressures. 
We have now to deal with the action of a transverse load upon iL 
T!ie gross load is transmitted by the beam to the piers, in the propor- 
tion of its distance from the walls ; the force of gravity acts 
upon it, drawing It down in the centre, causing a compressive stress 
in the upper part and a tensive stress in the lower, acting against 
each other, and at the division of these two actions is a neutral 
plane or neutral axis, as it is generally called, which will be 
situate in the depth of the beam proportionate to the tensive and 
compressive strength of the material ; or in other words, reduced 
from the formula, the sum of the tensive and compressive 
moduli of strength is to each of them as the entire depth to each 
of the depths. For example, a beam of fir, 10 ft. long, 4 inches 
X 4 inches, calling T the tensive force of the material, and C 
compresaioUj Di tension depth, and Be compression depth : then, 

(T 4- C) : T : C :: D : Bi : l>o 
18,700 : 5,700 : 13,000 :: 4 z 2,219 • 2,775 

and the neutral axis of the beam will be nearly 2J in. from the 
bottom and l|: in. from the top ; this may be taken as a fixed 
rule tor fir — that the neutral axis is in proportion to the depth 
as U to 5, the greater depth being at the bottom. The two 
strains in a beam on each aide of the neutral axis are 
found to be equal but vary in intensity, and are called into action 
by the load on the beam, which, if supported at both ends, will 
cause a strain equal to half the weight, multiplied by half thp 

length or leverage, thus : S = J W ^ or -^ will give the 

greatest strain on a beam with a load in the centre. Example : 
In the former beam 10' X 4" X4", what transverse strain will 100 lb., 
placed in the centre, cause? 50 lb, or half the weight of the beam 
by 60 in., half ita length or leverage, divided by 4 in., "the depth 
of the beam (50^^ = 755 lb.), wiU be equal to 755 lb., the strain 
acting upon the fibres of the material in the centre; the breaking 
load of the beam is 2,500 lb, ; therefore, the working load should 
not be more than 643 lb. or ^. It must be noted that this ia the 
centml strain, and that it gradually diminishes towards the 
supports, where it disappears. 

It ia clear then that a beam will be equally strong for a central 
load if its depth be regularly diminished from the centre to the 
ends, as diagram fig. 9. 

If the load upon the beam should not be in the centre, the 
entire load will be distributed on the two walls, in the proportion 
to the distance from them, inversely ; for instance, 100 lb. placed 
at one fourth the span will give 75 lb. pressure to iis nearest wall* 
and 25 lb. to the opposite one. The strain at the various points 
will be given by multiplying the proportion of the weight trans- 
mitted, by the distance of the weight from the waU, and 

dividing by the depth of the beam, thus : — r — ^ 562, aad 
90 X 25 



* Xhii ubl0 hu bem fenenliied ttom Tellord, Ti«dgold, B&&kiae, acd ]ioMt«f't 
worJEi OB fmctlcal TnnTMinfct. 



= 562 lb. the strain on the beam at the point with 

It 

the weight there. With regard to beams with the load uniformly 
distributed (which we have generally to consider in practice) it is 
a law in mechanics that an equally distributed load ou a lever is 
equal to the same load collected midway upon the length of the 
lever, as at A, fig. 10 ; therefore the strain induced on a beam 
equally loaded with the same weight is only half of tliat concea* 
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trated at the centre, and the value of the previoaa formula 

becomes doabled, thus, — rr- equala the strain on the centre ; 

this also diminishes towards the ends, but not in the same regular 

proportion as the central loaded one, but in exact proportion ta 

the verticals from an ordinate of a parabola, which gives thd 

iphapo of the top, when the material is so distributed to counteract 

l^e strains induced. Wo have the strain in the centre given in 

WL 
the ezpreesion -^tt — 1, (Fig. 11), the ratio at the other pointa 

is found bv dividing the product of the two lengths l^ l^ into 
which we divide the beam by the square of half the length, and 
this expression will give the height of any vertical required, 

i-j— =. S, or the strain at that part ; thus, dividing a 10 ft. 
♦i H 

beam into 10 equal lengths, and start with the strain in the centre 
08 1; the followiog give the height of each of the verticals : 

thua forming a piiraboiic curve at the top. Not only showing, 
but perfectly demouatrating, this truly scientific and useful 
kw. 

The prindples of leverage are closely connected with the 
atnuns on beams, A plain beam fixed in the wall in the position 
of a cantilever breaks with j- lb. applied at the end^^; ; and 2.r lb. 
with the weight equally distributed. In a beam twice the length 
of the cantilever, and twice the load, 2jf would break it applied 
in the centre, and 4r if it were distributed, and Sjt if the ends 
were rigidly fixed ; this is sometimes given as 6jr, making 
ftUowanoo for the impossibility of almost rigidly fixing the beam. 
So far then as we have gone it will be seen that the few 
mles given are really self evident, and not so perplexing as 
Jiome practical men would lead us to infer when fully acquainted 
I with^the causes that produce the different results in experiments 
on the same mateiiaL So entirely are we dependent on the skill 
and accuracy of the experimenter, as well as the state of the 
|inaterial at the time, that it becomes a matter of the greatest 
rconsideration whose experiments we adopt. They certainly 
should be those whose means of application and accurate skill 
have born the test of many years* Telford, the engineer, in hia 
memorandum book oollected many useful data on the strength 
of materials, particularly oak and fir; Fairbairn and Hodgkin- 
»on being the chief authorities on ironwork* The table given 
rabove is made up from Professor Eankine^a work on Applied 
rMechanics, and is weU considered. The method of arriving at 
[these measures or moduli of strength, is to find the breaking 
weight in pounds of a bar one inch square and one foot between 
the supports for cross breaking, giving the result in footrpound9» 
and for crushing and dragging in pounds on the square inch 
or inch-pounds, as strains are generally calculated. Oak and 
fir being the principal timber used in building, will have 
attention now, iron being deferred until speakiug of iron struo- 
tufes, bearing in mind that the same general rules apply to all 
materials. Telford gives the cross-breaking weight for oak as 
ranging from 160 lb. to 584 Ik, and later Iknkine gives 700 lb. 
(see table). So if we take 600 lb. for oak and 450 lb. for fir 
as constants of streugth, we have a fair average on the safe 
aide of the breaking weight. The causes of the difference of 
the constants varying first, are condition or quality, which is 
lui the specific gravity when seasoned or free from sap, next that 
the heart of wood is stronger than the outside, and lastly, that 
even the outside of a tree differs in strength, that portion 
expose^l to the sun having its fibres and tissues stronger. 

We have seen the number of fibi'es in a square inch of section 
that will break or fracture with a known weight a b.ir one foot 
long. We have now to cnusider the effect on a longer bar and of 
hirger sectional area. Telford gives a bar of oak 8 feet long and 
5 incites square as breaking with D787 lb., agninst which theory 
sets at 650 lb. to the inch section, 9797 lb. for 16 feet long, 
4350 lb., agaiDst theory 4461 lb,, and fur 24 feet long 2162 lb., 
ag^dust theory 2400 lb.; which proves sufficieutly near for all 
practical purposes that the strength of a square or rectangular 
beam to resist cross-breakiog is as the breadth by the square of 
the depth inversely as its leogth. Thus a beam twicp the width 
of another, all other circumstances being equal, is twice its 
fitreugtb, whereas twice the depth gives four times the strength, 




and twice the length equals nearly lialf the strength. Taking the 
16 feet beam above referred to, and calling W the breaking 
weight equal to 651 lb. to one foot long one inch square, B the 
breadth in inches, D the depth, and L the length in feet^ then 

/WBD« 



(=Si)-(ilBD.) = , 



I 



or, in figures, an oak beam 16 feet by 5 inches by 5 inches, will 
have 4461 for the breaking weight in foot-pounds, one fourth of 
whieh only should be used in practice. 



16 



= 5086 — (5X5X^) == 4461 lb. 



pon fl 

by 1 



Timber beams to carry heavy loads are strengthened by iron 
or trussing, so as to increase their rigidity, also frequently by 
cutting down, reversing, and bolting together, which from the 
principles already advanced, you will perceive must be next to 
useless, if it does not tend to weaken. Another method is to 
connect with it a more rigid material, as oak or iron. In the caae 
of fir, or oak aod iron, the calculation will be simple enoogli, 
merely by finding the sum of the strength of the two materiiujB. 
In the case of trussing, whether above, below, or within the 
beam, the actual strengui of the wood is increased by the separate 
strength of an iron rod truss, which on the top will be in tension - 
and when at the bottom in compression, the strength of whldi ■ 
will be hereafter described under trussiog: the actual tie bar ■ 
being replaced by the material of the beam in the place of a king 
truss the beam can only be equally strong throughout for a 
central load, therefore a queen trass is preferable where the loid 
is distributed. 

Tiie balance of framework may be commenced with two in- 
clined timbers, as the rafters of a common roof (strictly it 
requires not less than three timbers to form a frame, but the 
thrust of these are so closely connected with framework that 
I have iutroduced them here). The permanent or distributed 
weight on a roof ia generally calculated at 40 lb. to the super- 
ficial foot and taken from centre to centre of trasses or rafters 
as the caio may require. The two rafters are taken at 10 feet 
long, and at an angle with the horizon of 30 degrees. The 
weight each lifter bears is 400 lbs. First, as to the scantling 
required, which must be calculated for the proof load, or one 
fourth the breaking load, (1 may add that this method of pro- 
ceeding applies ti^ all beams on two supports when the weiglit 
to be carried is known) this makes the load to be calculated 
1600 lb., and an inch bar of fir one foot long breaks vnih 450 lb. 
applied in the middle, therefore the following formula (aa before 

450xBxD^ 

given) =- equals the breaking weight, or 41 lb, for each 

L 

bar 10 fftet long and one inch square, doubling this for 2 inches 
the breadth of the rafter gives 82 lb,, which multiplied by S 
iocbs deep or 4 equals 328 lb., by 3 inches deep or 9 equals 
738 lb., by 4 inches deep or 16 equals 1312 lb., by 5 inches 
deep or 25 equals 2054 lb., a little over what is required; there- 
lore 6 by 2 will be sufficiently strong for the rafters of a roof 
having a 10 feet bearing. Tredgold gives common rafters with 
a 12 feet bearing, 6 inches by 21 inches, which considering the 
heavy scantling generally given by him, the working out shows b 
a very fair approximation to the actual strength required. Now M 
as to the actual weight upon the walla, the horizontal and the f 
vertical thrusts. First, as to the direct weight, imagine the 
rafter divided into four equal parts, each representing 100 lb. 
Dividing it into pound divisions from the centre 6, let fall the 
perpendicular a 6, fig. 12, which will be the sine of the angle, 
and equal in length to '5 supposing the distance c 6 to be the 
radius, and equal to I, from & as a centre transfer the length 
a h to d, which will make it equal to 1*5 or J the length of 
the rafter, therefore equal to 300 lb,, which is the pi-oportion 
of the weight upon the wall acting in the direction c d^ the 
remaining 100 lb. being the vertical weight or pressure from 
the apex or upon another support placed there. 

The amount of thrust the rafter would have upon the wall e 
will depend on the angle of the slope and the consequent leverage. 
You will observe^ aa shown on the diagram (fig. 13), that we 
greatest force required to hold the horizontal beam in its posi- 
tion, by a weight at A, is greater than at any other angle ; 
therefore the greatest tension and compression is exerted as the 
pitch of the roof becomes fiat. The line AB represents half 
the total weight on any roof, DC wiE represent the tensile 
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strmtif and BC the compreasive etmiQ. This h known as a 
dUgnm of force, aad, as you will observe, depRndeafc on the 
pfcrallelagrara of forces, Refernog to our former diagram, we 
require the thrust on the wall — forra a diagram of forces, and make 
«/ equal to 800 lb, the total weight; then e h wUl represent 
compressive and g h tensive atraio, the horizontal ihrast beiog 
equal to it To confine the feet of the rafters, and convert this 
outward thrust into a vertical pressure, the tie or teosion beam 
is couDQcted ti> them by a noicaed joint, the forcse is then exerted 
to shear off the end piece, unless secured with straps ; the 
resistanoe to the force is by the adhesion of the fibres of the 
w.,>od to each other, the resiatance to shearing being 650 lb. to 
the sijuare inch, one-tenth of which only should be trusted, as a 
force suddenly applied acta powerfully in the shearing of 
the wood. 

In the case of a king-post truss, the weight being ascertained, 
the former rules for finding the compressive and tensive trains on 
inclined timber ai-e jnat the same — as the spaa is wider, the ties 
and principal rafters require supporting by struts and rods. 
When the truss is merely a triangukr fnime of three bars, the 
load is considered as concentrated at the apex, but when braced 
or strutted, so as to portion the weight equally at the junction of 
the braces with the rafters, this causes the compressive and 
tensive strains in the tie and rafters to become greater as they 
near the supports, and decrease to the centre. 

In an ordinary king-post roof, with a span of 30 ft, and a rise 
of R ft,— let the lines in the diagram, fig. 14, represent the centre 
lines of the timbers, with a tot.il weight on the ridge of 20 cwt., 
to be divided on four bays of the rafters — giving 5 cwt. to each. 

To find the strains on the timbers, you proceed as follows : — 
Ist, the tie beam, determines iha greatest, which will be fit a a, 
and let the letters denote respectively— the rafter, half tie, and 

LT 

rise, h being the gross load— then tension or * = .tr '^^ **• *"^ 

i less at b ; or calling N the number of bays sj deducted from 

the first gives the strain on that portion, and so on for any more 
bays reqttii-ed. The compression is found in precisely the same 

mantier: ^ ^ ^R ^"^^ ^^^ ^^'*' ^^** ^ ~ 2R " N ^^^ ®*^^^" °^ 

tlie tension rod. 

To apply these rules to a roof of m ft. span, fig. 15, without 

interoaediate supporU— first find the angle with the horizon the 

foot ift to be, say a rise of 20 ft., by wliich you find the length of 

the rafler^ — twice this, by the distance between the trusses, say 

9 ft. by 40 lb. per foot, or nearly 12 tons, without the weight of 

the trusses ; the rafters, 3G ft. long, have to be supported in not 

fess than four bays, giviug them a D f t bearing— how to obtain 

the Bcantltng of them, as well as the purlins, has been described — 

the strains on the truss timbers then enable us to find their 

ftcaotiiug. 

The tensive strain on the tie beam is equal to load X half the 

12X30 
^paLn divided by twice the height — — — ^9 tons for the roof alone, 

l^uU or tension on the tie beam, and the strength of fir in this 
^iirectiou is very great, rei^iring about 5 tons to tear asunder a 
Vmu- 1 inch square : therefore a bar having 12 square inches in it 
"^oald be amply strong to resist the tension^t has though a 16 
Teet bearing, probably a heavy ceiling, loft, or floor to carry, 
Hallowing then 1 cwt. per foot super for lhis» we have 30 tons to 
carry, multiplied by 4 for the safety load— 120 tuna, 

Tb© usual calculation for floors to carry a distributed load for 

general purposes is I cwt. per foot superficial ; then, taking the 

Qoor joists as 15 inches from centre t*^ centre, and the bearings 

««A \0 feet, we have 12^ cwt. on each joist calculated in the usual 

mrAy, as before given, we have then a gross weight of 130 tons to 

calculate for in strains. Taking for certain that the whole is in 

equilibrium, and all the strains neutralised and converted into 

vertical pressure — taking 8 inches for the thickness of the 

timber — what will the depth be ? 15 ft. is t lie greatest distance 

between sapports, represented by L or length in feet, B equals 

Ui6 breadth or 8 in., and 1*47 represents nearly 1| cwt.» nearly the 

ooDfttaut or strength of fir— then D equals j:^ X 1*47 — D 

^ X 1*47 = 11'025, or 11 for the depth. Let ua now suppoise 



the central tension rod removed : ^ X 1*47 = 22'05, which would 
require secondary trussing or otherwise strengthening, so aa to 
reduce the depth, or else increase the width. 
For the principal rafter— let the former letters apply as before, 

but change the constant to decimal 0*96 -^ x O'atJ = D, S 



equals the entire span^ — in figures it stands 



81X60 
513 



XO-96 ^9-114 



giving 9 inches for the depth of the rafter, or 9x8, 

For a king-post you find the sectional area A, which will be 
equal to the leagth of the piece in feet by the spaa of the roof X 
decimal *12, or tensile constant LS12^A, 10X60X'12=72"00, 
then the breadth is equal to the area divided by the depth, and 
the depth is equal to the area divided by the breadth ; thus : 
72 79 73 

B=5or'|^8,aodD='|=9, 

showing the king-post to be 9x8* ia the case of a queen-post^ the 
tensive strain being divided In two parts, the sectional area can be 
smaller, or found thus : — the length of the queen-post multiplied 
by J: the length of the tie beam, or that portion carried by it — 
A=Li*27 or 10Xl5x'27 — 40'50, or nearly half the sectional 
area of the king-post. The straining piece acting entirely in com- 
pression, h found by extracting the cube root of its enti re len gth, 
multiplied by A the span, and by '9 as constant, ^x/hi5^{i=iD^ 
or depth, and the breadth by multiplyiag the depth by 7, thus 
we have V30x30X"9 — 9"J2, or depth, and the breadth by 
9-32X'7=6-52. 

Lastly, the stmts or braces are found by finding the square 
root of its entire length multiplied by half the length of the 
principal rafter it bears, and the width by m uUi plyin g the depth 
by-e, thua, ^IMS^D, and D'(5^B, or V9x9x-8-8, or the 
depth, and 8x6=4'8, or the breadth. 

lu the case of a polygon roof, where tlie directions of the 
strains vary, and are in the line of angle, it is necessary to form 
a diagram of forces, Fig. 16, from which the different strains may 
be measured or worked out in trigonometry. 

Imagine au ordinary curb roof, Fig. 1 7, whose rafters equal 10 
feet in length, and supporting 4 cwt. each, as shown at A B C D— 
12 3 4 5 representing the joints or oentresi of resistance, from 0, 
as a centre draw four lines equal in length to 4 cwt. (or another 
weight as circumstances require), and parallel to the line of direc- 
tion of the given slupes, and represented by OA, OB, OC, OD, 
OEj join the extremitiea of those lines, and the sides 1 2 3 4 5 of 
the polygon figure will be equal to the forces applied at the joints 
to hold them in, acting in the dii-ection of the arrows. If the forces 
applied act in a vertical direction, the polygon A B C D E merge« 
into a straight line, the line AD, Fig. IS, representing the vertical 
force or thrust of the gross load, an<l OH its horizontal, the part 
AB, BC, CD, the vertical forces required at joints 1 2 3: if the load 
were unequally divided upon the two supports, the proportions 
would bo represented by DE, EA, the other forces being propor- 
tionate—if the tie E is omitted, the diagram of forces is ahown by 
omitting the lines that represent the horizontal thru9t ; that ia 
DE, EA, and OE for inclined forces, and OH for the vertical; 
the supporting forces being represented by DO, AO respectively* 
For this, and the rules on the polygon of thrusts, I am indebted 
to Profesaor Rankine. 

Gothic Rooffi. — In the cjise of Gothic roofs, when the tie is 
fi.Tced above the springing in the form of a collar, the thrust at 
the bottom ia in some cases very great, and the roof I'cquires to 
be patched and braced to enable it to stand without throwiuK 
over the walla, showing that a Gothic roof, however pretty and 
attractive it may appear, is not so perfect in construction as the 
ordinary class of trussed roof. I do not wish to be understood 
that this class of roofs cannot be made perfectly sound with bolts, 
Ktrapa, and braces when required to make them rigid, but it is 
opposed to the simplest and best laws of construction. 

The thrust on the wall of a plain rafter and collar roof> Fig. 
19, ia not difficult to resolve, for the total weight from the apex 
to the collar must bo first ascertained by the methods before 
given, which forms the vertical of the diagram, and equal to half 
the weight of the uuper part of the roof, or one-fourth the gross 
weight, when the collar is half the distance up, and proportion- 
ately for any other distance ; then the triangle, a b c, represents 
the strains and thrusts on the upper part, which is considei'ed as 
a secondary truss, but still acting in a line with the rafters ; 
half the lower part of the tiuss (without the tie beam), being 
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equal to one fourth the grosa weight, is equal to half the ahove 
from a to ft (because the vertical ooly represents lialf the diagoDAl 
of the parallelogram). The oonsequeDt str&iua at the spriuginK <>f 
the roof are repreaented by the triangle a e rf, suppos'iDg « d to 
equal three-eighths of the groaa weight of the roof, or the force 
teudiyg to throw over the wall at each aiiles e of of a rf. 

lu the next figure, 20. is given a more complicated form, with 
hammer beams, wall braces, &c First form the diagram of 
forces for the upper part of the whole truss, which, for simplicity, 
we will divide aa before into equal parta, taking three- eighths the 
total load at once for the vertical. Draw a c pa rale I to a e, c e 
paralel to c e, and c rf paralel to a d, then will the triangle ab c 
represent the forces at the apriuging of the roof; a c^ a e giviug 
the inclined strains, c b the horizontal strains, and a b three- 
eightha of the gross weight. The triangle adt giving the atraios 
on the upper |>art of the truss, you will obiserve the aaaistauoe 
given to the iuclined thfust by the hammer-beam braciug, con- 
verting it into a vertical one, and reduclog the horizontal atraia. 
The curved bracea certainly tend to strengthen the truss, but 
depend upon the cohesion of the material, bolts, &c* j therefore 
not genemlly considered in relation to the direct atraios, but 
properly secured in at the joints, and supposed to be straight ; 
the strain in that direction will be given by the line ce in the 
diairrAm of forces?. 

Archu and Walh.^lf two cubes of stone (Fig, 21) be so 
placed as to touch nuother block half the size, as in the sketch, 
the block b will be sustained by them, by reason of the in- 
equality of the granular surface or friction, with a force equal 
to twice its weight, its consequent tendency is to push the two 
outside cubes in a horizontal ilirection equal to that force: if 
a succession of thete atones (Fig. 2iJ) when placed together and 
supported at the ends, by an immovable abutment, we Lave 
an example of the sstrufght arch or plate bimde, if the span of 
the arch at top be divided into four equ^tl parts, and we join 
n 6, it gives the direction of pressure of the arch upon the 
abutment If we construct a diagram of force upon the top, 
whose side d c equals a 6 and its length e d equal to half the 
a|ian of the arch, then if we suppose it to be of the same 
materia! as the stones of the arch, then it will be equal to 
the whole pressure on the abutment (a) in the direction a b, Again 
if the height be iiirde equal to cb, the parallelogram e/^ it will be 
equal to the horizontal outward thrust. The resistance of a pier 
is of course dopeiuiejit on the direction of the force applied. Let 
the arrow in sketch (Fig. 53) represent that direction, for sim- 
plicity say an anyle of 45% then supposing the resultant of the 
horizoQtai and vertical forces to be representeil by that litie, they 
will be equal to each ot!ier, then the line of ix^sislauce in a pier 
or wall will be an hyperbolic curve represented by the dotted 
line in the direction of the arrow. Should tho direction of the 
force not be at an angle of 4 j°, let the dotted portion above the 
pier represent tlie proportion of the vertical {d e) to the horizon- 
tal forces (rf c). From the centre of the pier set off a distance a b 
equal to the horizontal force d c; /then will be the centre of the 
hyperbola, and the ven'm\\Jg will be its asymptote. The property 
of this curve being that it is always appr-jaching but never 
touches its aaymptote; therefore, while this line is within the pier 
or wall, the line of resistance is, and no force in the direction 
and quantity given can overthrow the mass. Supposing that the 
liorizontai thrust to give the vertical outside the wrdl (its in Fig, 
24) it must be either reduced in height, or a bultreas must be 
added to bring the line of resisuiuce within the wall. Taking 
« ft as before to represent the horizon tnl thrust, let fall the 
vertical b g^ join b /*, nml draw a a parallel to b A, and draw in the 
liyncrbolic line d^, which will indicate the lieight of the given 
wall to resist that prcssui^, or the amount of buttress required 
to give the pier its requisite strength. I am sorry time will not 
allaw me to pursue this subject further just now, as I have a 
little to say ou arches. 

The friction of au arch atone is considered horizontal up to an 
angle of .'3U^ from its springing, because a mass of stone will 
stand upon an iiicliue<l plane at that angle without moving 
down, Tiiking then a semicircular ,irch, with the stones con- 
taining SiO** e.idh. Stone 1, next the springing sustains itself 
on a horizoutid bed. Stone 2 is al.'^o considei'ed the same, as it 
is under au angle of 30^ They do also resist a horizontal 
thrust equal to hiilf their weight. Stone :i, being on a bed at 
4U'^. requires a honzoutid force to maintuin it in e<iuilibriura, 
thnt will be found in the equation, that the force is to the weight 
as thu liue of lU' is to its cosine: • 



W : T : : sin lO'' : cos 10** 
and so on for the remainder. Thiij will enable you to find the 
horizontal thrust of any arch, which if the piers are not cal- 
culated to resist^ throws them out at the springing, and th» 
arch in at the crown, causing it also to open at the haQDchee* 

Those wishing to pursue the subject of Arches, Piew, 4kc- 
will find them ably treated by Professor Moseley in Vol 6 of 
the ** Cambridge Transact iona,'-' Rondelet^a " Art of Building," 
and Rankine'a " Applied Mechanics," Tredgold, and Telford*a 
memorandum book, — ^worka to which I gratefully acknowledge 
my obligations in the preparation of the foregoing notea. 



ROYAL INSTITUTE OF BRITISH ARCHITECTS. 

At the ordinary general meet tag of the Royal Institute of 
British Architects held on the 30th of April Lost* A, J, B, Berea- 
ford Hope, M.P., President, in the chair, the Royal gold medal 
for the year 1865 was pres«nted to M. Digby Wyatt, F.S.A., of 
Taviatock-place, Tavistock-square, Fellow, and the other medals 
and prizes as foUowa: — To Mr. Charles neninaD, junr., of Bed- 
ford-place, Croydon, the institute medal with five guineas^ to 
Mr. Arthur Baker, of Inkerman-terrace, Kenaiugton, the insti- 
tute medal; To Mr. M. H. Renault Mangin, of Nottingham -at reel, 
Regent'S'park, the late Sir Francis E. Scott's prisio of ten guineaa; 
to Mr, -J, S. Nightingale, of Parliament-street, the students' prize 
in books. 

The following paper was read at the meeting, by Prof. Robert 
Kerr, Fellow: " Hemarka on the evidence of architects on the 
obstruction of Ancient Lights, and the practice of proof by mea- 
surement, with reference to recent cases in the courts of equity.* 
The discussion on Mr. Kerr*s paper, to be commenced by Prof. 
T. L. Boualdson, past president, was adjourned till Monday, the 
SSthofMay. 

At the annual general raeetin^j, held on the 7th of May, IS0S, 
A. J, B. Bereaford Hope, K.P., Preaident, in the chair» the 
following office bearers were elected for the ensuing twelve 
inoBtha:— Aa President, A. J. B. Bereaford Hope, M.P., Honorary 
Fellow; Vice Presidents, T. Hayter Lewis, D. Brandon, J, Fer- 

fnsaon; Honorary Secretaries, John P. Seddon, Chas. Forster 
layward; Honorary Secretary for foreign correspondence, C. C. 
Nelson; Treasurer, Sir W. R. Farquhar,bart.; Honomry Solicitor, 
Frederick Ouvry; Ordinary members of Council, A. Ashpitel, E. 
M, Barry, A.R.A., F. P. Cockerell, J. Gibson, E. B. Lamb, E, 
Naab, Wyatt Pap worth, J, Peacock, J. Spencer>Bell, A. Water- 
house, J» Whichcord, W. White, M, Digbv Wyatt; country 
meinbera, M, R Hndfiold, Sheffield, R M. Phipaon, Norwich, 
Auditors, E, H, Martineau, Fellow. T. H. Watson, Associate, 
As examiners under section 33 of the Metropolitan Building 
Act, IBS*'!, the three Vice Presidents, and Messrs, C, C. Nelson. 
A, Ashpitel, C, Fowler, jun,, J. Gibson, J, Jennings, XL .Tones, 
E. Nash, H. Oliver, J. W. Ps^pworth, J, Spencer-Bell, J, Which- 
cord» G. B. Williams, S. Wood, and the two Honorary Secretaries, 
Votes of thanks were passed for the services of the PreaideD^ 
Vice Presidents, Honorary Secretaries, Ordinary members of 
Council, and the other office bearers during the past year. 

At the ortlinary general meeting held on the 21st ult,, David 
Brandon, F.S,A., Vice President, in the chair, a very interesting 
paper on "Battle Abbey, and its conventual remaina,** was read 
by the Rev, Mackenzie E, C. Walcott, M,A., F.S,A, At the 
same meeting the chairman announced that the following letter 
had been received in reply to an application made by the Prcsi- 
ilent to Sir George Grey, H.51. Secretary of State for the Home 
Department, at the request of the Council under the advioe of 
their Honorary Solicitor, Mr. Frederick Ouvry, 

Wliitehall, 13th May, lU^. 
Sra, — I have had the honour to aubtait to the Queen your request 
that the Inatitute of British Architects may be permitted to auumo 
the title of Royal; aod I am to infarm you that Her Majssty h&a btxm 

fmciouiily pleased to accede to your request, and to eomiDaud thjit the 
nstitute shall henceforth be styled the ** Royal lastitute of Briti&h 
Architects."—! La/e the honour to be. Sir, 

Your obedient Servant, 
A. Berosford Hope, Esq., M.P, (signed) G. Gret. 

It was explained that this title of Royal, though assumed by 
the Institute, was not gmnted by the original Charter, and the 
object of the application was to remove any doubt or difficuUj 
on the aubjectr 
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of horses going a stage out and a stage back, or about 16 miles 
per day; a spare carriage would be required, and a spare pair of 
horses. 
The capital expended would be— 



3 Carriages ... 
12 Horses 
10 Sets Harness 



£ £ 8, d. 

at 250 = 750 

at 45 = 640 

at 10 = 100 



Total £1390 



152,000 second-class passengers divided by 365, will give 416 as 
the daily number conveyed both ways. It will, however, be 
necessary to reckon upon some extra pressure occasionally; and 
carriage accommodation must be provided for, say 240 each way, 
or 480 altogether. Each carriage will contain 30 passengers, and 
will be drawn by two horses at the rate of about 6 miles per 
hour; travelling the same distance as the horses drawing the 
first-class carriages. 

The total number of carriages and horses required for the 
actual work will therefore be 16 carriages, and 80 horses; but 
it may be as well to estimate for 20 carriages and 100 horses. 

The capital expended, then, upon rolling stock and animal 
power will be — 



20 Carriages 
100 Horses ... 
16 Sets Harness 



£ £ 8. d. 

at 250 = 6000 

at 40 = 4000 

at 10 = 160 

Total £9160 



32,000 tons of goods may be put at 100 tons per day, or 50 tons 
each way. 

Three tons may be allowed for each truck, and 34 therefore 
would be required; each would be drawn by 3 bullocks, 6 extra 
trucks might be allowed to meet casualties; and a few extra 
bullocks should be purchased. As the daily journey of a bullock 
may be put at ten miles, the distance of 41-25 would be divided 
into four stages; so that 12 bullocks would be required for each 
truck, 40 X 12 = 480, would be in daily use, or say 500 to cover 
contingencies. 

The trucks ought not to cost more than £100 each, and the 
bullocks ;£15 the pair. 

The capital, therefore, expended upon the rolling stock and 
animal power for the goods traffic will be— 



40 Carriers ... 
500 Bullocks ... 



£ 8. d. £ 8. d, 

at 100 = 4000 
at 7 10 = 3250 



Total £7250 



The total amount of dead and live stock required for the con- 
veyance of passengers and goods along a railway worked by 
animal power would be as follows:— 



First-class passengers 
Second-class do. 
Goods 



£ 


8. 


d. 


1390 








9160 








7250 









Say £18,000. 



Total £17,800 



The annual charge may be estimated as follows: — 



Interest upon £18,000 at 5 per cent. 
Wear and tear of carriages and repairs, 

15 per cent., on 

Cost of re placing horses and bullocks, 15 

per cent., on 

Repahi3 and re-placing hdrness, 20 per 

cent., on 

Keep of 1 1 2 horses, at £24 each 

Keep of 600 bullocks, at £8 each 
Hire of 20 coachmen, at £50 each 
Hire of 166 bullock drivers, at £10 each 
Repairs of stables, at 6 per cent., on 
Telegraph, &c., charges as on locomotive 

line 

General charges, including clerks, ^. ... 



9750 = 

7790 = 

260 = 



2,000 = 



£ 8. d. 

900 

1462 10 

1168 19 



52 
2688 
4000 
1000 
1660 
100 



= 11 9 
= 442 11 

Total £18,485 9 



This sum, divided by the total distance of 41*25 miles, will 
give the charge per mile for traction ^302 12». lOd.,* and the 
general comparison between the cost of conveying the standard 
number of passengers and tons of goods per mile, on the three 
kinds of road, will be as follows: — 



Interest 
Maintenance 
Cost of working 



Macadamized road. 

£ 8. d. 

37 10 . 

55 . 
. 1313 16 



BaUroad, 
Animal power. 
£ 8. d. 
131 7 6 
100 
802 12 10 



Bailnad, 
Steam power. 
£ 8. d. 
600 
255 
157 31 



Total £1406 6 £534 £1012 8} 

I have, in calculating the cost of working the animal power 
railway, made an allowance for a variety of extra expenses; and 
I feel confident that the sum shown in the above table will be 
ample to cover the whole cost of working the line, and of paying 
an interest of 5 per cent, upon the capital expended. Under 
these circumstances, it is evident that, until upon any given line 
of road the amount of traffic very far exceeds that which passed 
over the North West line of railroad in the first half of 1863, it 
will be far cheaper to employ animal p>ower than steam, in the 
movement of passengers and goods. 

It remains to be seen what charge it will be necessary to im- 
pose upon the traffic, in order to cover the whole of the charges 
upon the road; namely, interest of capital, maintenance of way, 
and cost of transport An analysis of the cost of conveying the 
different descriptions of traffic will show that the following is 
pretty nearly the ratio of the outlay upon each 

First-class passenger '066 

Second-class do '430 

Goods -504 

and if the whole charge of £534 per mile be divided in these pro- 
portions between the different heads of traffic, the charge upon the 
first-class passenger must be such as would return £35 4*. lO^d; 
that upon the second-class, such as would yield £229 12*. 4|rf., and 
that upon goods such as would give £269 2*. 8 jrf. Now the charge 
of £35 4s. lO^d.j divided by the number of first-class passengers, 
viz., 3220, would give 2*6 pence as the charge per head per mile. 
In the same way, £229 12*. 4jrf. divided by 152,000, the number 
of second-class passengers, would give 1*38 farthing, as the exact 
charge per head per mile; while £269 2*. 8frf., divided by 32,000, 
would give 201 8 pence as the charge per ton per mile. A first- 
class passenger, however, might very fairly be charged at the 
rate of threepence per mile, and a second-class at a half-penny, 
while the charge for goods might be put at l^rf. per ton per mile; 
at these rates, with the standard amount of traffic, the gross 
returns would be £556 18*. 4d., or £22 18*. in excess of the 
amount shown above to be sufficient to cover the interest of 
capital, maintenance of way, and cost of conveyance. Provision, 
however, has been made for the conveyance of upwards of 
11,000 first-class passengers, 190,000 second-class, and 44,000 
tons of goods without any extra charge; and should the traffic 
increase to this extent, the returns of the rate mentioned above 
would be — 

£ a. d. 

First-class passengers . . 137 10 

Second-class do 895 16 8 

Goods 275 



Total £808 6 6 

And the profit upon the capital expended (which, at the rate of 
£2627 per mile of road for construction, and £18,000 -=- 41'25 
or £436 for live and dead stock, would amount to £3063) would 
not be less than 13 per cent. 

* Capt. Yule's estimate per mile for a cattle draught line, is only Bs. 181T» of 
which lU. 140 are charged to maintenance of way (not included aboTek Bs. 4S0to 
wear and tear of rolling stock; Rs. S74 for hire of cattle, and the same for establiah- 
ment; the cost per ton per mile beinx reckoned at 0*7 anna. Mr. Hardy Wells in his 
report on the same line, estimated the draught expenses per mile of a luurae railway at 
Bs. 5650, and of a bullock lioo at lU. 63G1. 

The inreat difference in thii last estimate is in the number of animals estimated for, 
2000 holies or 4000 bullocks for a lino of 110 miles in length, being doable the num- 
ber set down in the pnesent estimate for a similar length. Mr. Wells' calcolation is 
for 105,000 tons of goods, and 224,000 passengers, yearly; each passenger ia reckoned 
at 8 mds. = 240 lb. probably to include his baggage. The cost, therefore, of haulage 
per ton per mile, would be 0*7 anna fur horsos, and 0*8 anna for buUocks. It ia to be 
noted, however, that these estimates do not include any eharge for the intereat on 
the dead and live stock, which is probablr considered to form a part of the whdb 
capital sunk. In the present estimate, deducting this item, and diriding the ansoal 
cost by the trafDc, the cost per ton mile will be 0*75 (aana, ahowlng a stiikiDg agree- 
ment between the three estimates, oonsidering that aU an worked out on totally 
different data. 
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to be drawn from wlirit has been stated is, 
araoatit of traific larj^er thau that which is likely to 
most of the feeders of the railways now in progress, a 
irked by animal power would be a much cheaper motJe 
licatioti than either a maciuiamized road, or a railway 
' flteam power. 

iver, this would be the case when the traffic ia already 
m the lioe of road, the a^^lvauta^es of nuimal power 
, would be still more marked whea the traffic ia com- 
light, and requires to be devulaped gradually. A rail- 
»tt by steatij must be provided with en^'iuea of power 
drug the largest traiu over the steepest gradient on 
. though the consumption of fuel is, to a certain extent, 
led to the load the engine has to convey, yet, as this 
very ereat measure composed of the dead or unpro- 
dht of engioes and carriages, the saving of fuel ia not 
nrhile the other items which make up the working 
IQ great measure iodepejideut of the load, and form 
charge. 

railway worked by animal power the case ia different; 
K»wer required is strictly in proportion to the load; no 
M or bullocks are kept than will be sufficient to meet 
ids of the public for couveyancej and if these demands 
or intermittent, arrangements can easily be made to 
SftAual portion of the demand without the expenditure 
> ftr the imposition of a permanent charge upon the 
of the line of railway. Again, the power of a locorao- 
e muat be proportioned tu the maximum effort it has 
that is, it must he competent to overcome the steepest 
Q the line with a full traiu behind it; it must, therefore^ 
mount of power more than sufl^cient to do the work of 
level portions of the liuefiu fact, it is necessary to have 
s of 1(J<J horie power, which it might have to exert for 
two, while an engine of oO horse power would be amply 
to do the remainder of the work. 
\ not the case with a railway worked by animal power. 
M a hill too steep to be surmounted by carriages drawn 
dinary team of horses or bullocks, the simple plan is to 
lare pair at the bottom^ to help the carriages over the 
b, however, will seldom be necessary with horse teams; 
le has a reserve of muscular energy, which enables him 
te for a short time a much greater amount of power 
anted for his ordinary work. 

it, of course, probable that the ratio between the pas- 
ud goods traffic, which I have assumed as the standard 
tation« wili obtain upon ordinary branch lines. The 
■a* traffic will be less than the standard, while the gootls 
II exceed it; looking, however, to the fact that I have 
I the cost of the rolling stock and the animal power at 
jure, and have been very easy in my demands ujiou the 
3wer, it is more than proVmble that, when worked by a 
or an individual, the charge of l^d per ton per mile 
mud Bufficieut to cover all expenses, and to give an ia- 
cm the capital expended of at least 5 pet cent. 
If then, that I am justified in applying, to by far the 
mber of branches from the main line of railway in India, 
riug conclusions: — 

i the cost of transport upon a macadamised road is 
I excess of that upon a railroad, whether such railroad 
d hr animal or steam power. 

t tne actual cost of steam power is much less than 
nimal power upon railroads, but that this cheapness is, 
oiled amount of traffic, more than com|>eusated for by 

e cost of construction and maintenance of the rail- 
by steam, 
t the circumstances of the country are not such as to 
§0 large a development of traffic upon the brauch lines 
id ufl would compensate, by the saving in the coat of 
Kiwer, for the increased charge under the heads of 
if capital and maiuteQance of way ooasequeut upon the 
n of road for steam power, 

t, aa a general rule, it would be far cheaper, and there- 
I advantageous in every respect, to construct the branch 
railway with a view to their beicg worked by auimal 




ON THE CONNECTION OF PLATES OF TBON AND 
STEEL IN SHIPBUILDING, ESPECIALLY SUCH AS 
ARE SUBJECT TO SUDDEN TENSILE STRAINS. 

By Nathan LEL Bahnabt, Assistant Constructor of H.M. Navy. 

Much yet remains to be done to make iron shipbuilding a 
perfect art, and there is perhaps no one step remaining to be 
taken in the path of improvement more important than that of 
substituting a simple and efficient means uf joining plates by 
welding, should it ever be ditjcovered, for the present system of 
ri vetting. The loss of strength caused. by the present system is 
considenible in iron, but appears to be still more serious in steel. 
It forms, in fact, the great bar to the introduction of this most 
promising material into ships of war. I may give, as au illustni- 
tion of this, one or two of the many experiments which have 
been roa<le by the Admiralty at Chatham Yard on Bessemer 
steel of the best quality. A piece of steel 4 feet long, and 12 
inches broad, was cut from a half-inch plate, of which the proof 
strength was XI tons per sq. inch. This piece was reduced to 
6 inches in width at the middle, was supported at the ends by 
square phites rivetted to it, nnd was ean^fully centred. The 
plate should have broken at B2}t tons, and through the 
narrow part. It actually broke at 9'i\ tons, and then, strange 
to sjiy, broke thniugh the wide part of the plate, tearing away 
through the rivet holes. Thus while the material in the middle 
of the plate withstood a strain of 38 tons |>er square inch, it 
actually broke through the holes at 16'38 tons per square inch, 
or less than one-half the strain. In a precisely similar plate, 
differing from the other only in the fact that the rivets connect- 
ing the end pieces were ij inch from the edge instead of 2| 
inches, the plate broke in a similar manner at 73 tons, 
which is only 15 tons per square inch of the section of steel 
broken. The holes in both tlicse cases had beeu punched, and in 
order to ascertain whether these curious results were due to the 
injury supposed to result from punching, an exactly similar 
arraogeineut of plates was again tried, in which the holes were, 
as in the first 2^ inches from the edge, but wore drilled instead 
of being punched. The plate then broke through the nariuw 
part at 106 75 tone, or 47*53 tons per square inch of the 
steel broken. I do not propose to draw here any inferences from 
the experiments detailed, or from the series of which they form 
part, further than this, that all winch I propose to say con- 
cerning the necessity of bestowing greater attention on the 
comp.irative strength of different modes uf connecting plates 
intended to give tensile strength, is even more applicable to steel 
than to iron. Admitting, then, that for the present, at least, we 
must be content to connect iron plates by rivets pla<?ed iu holes 
punched or drilled out of the material, and therefore by the 
sacridce of a considerable portion of the strength of the plate, 
it is matiifeatly the duty of the engineer and shipbuilder to study 
to make this connection with as little sacrifice of strength as 
possible. 

In every such connection the tensile strength of the 
plates across the outer line of holes, of the butt strap or 
straps across the inner line of holes, and the resistance of 
the rivets to shearing, should be all equal* Two plates may 
be connected, for example, by butt stmps, so as to reduce 
the strength of the plUe by one hole only. The strength 
of the several parts lias in this case been estimated on the 
assumption, verified by cjireful experiment at (.'halham, that the 
shearing value of J K^wling rivet, including friction, and taken 
singly or jn conjunction with others, is 10 tons, and that oi 
rivets or other diameters is in proportion to the squares of the 
diameters; al»o, that the lensilo value of the iron between the 
holes is reduced in proporlii.n to the number of the perforations, 
and that this reduction \s ahout ;i5 per cent, when the holes are 
punched three or four diamoters ajjart. This description uf butt 
strap is of no value in shipbuilding, bcciuse the stringer and tie 
plates, to which it might otherwise be applied, have to be per- 
forated between the butts by rows of holes to connect them with 
the beams. In such plates, in order to ecanomit^e material, it is 
therefore desirable to reduce the amount of fastening at the 
beams as much as possible. I do not think it necessary to 
punch away for this purpose raoio than J of the iron; the re* 
maining strength of the iron would then probably be J X | = 
|ths of the whole, so that the straps connecting them should also 
give Jths of the full strength of the plates. Any greater strength 
at the butta would, of course, be thrown away. If the butt 
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atrAD bns to be caulked, thia proportion of Btrength cannot be 
retained, as the rivet holes muat then l>e pUvced u carer together, 
Let 03 takei for example^ the connection, by means of a butt 
strap, of two plates, | inch thick and 12 inches wide, in which 
the rivets are I inch diameter, and are spaced three diameters 
apart. Then we punch out J of the iron, reduce the strength of 
the remaining iron abont one-fourth, and have left only 5 
X J=4. The teuaOe strength of the plate at 20 tons to the 
inch 13 180 Ions, and the tensile strength through the holes 
about DO tons. If the connection is made by means of a single 
tttnip, the value of the rivets will be about 71 tons; and if oy 
a double strtip, 142 tons. No appreclabtt) advantage could bt 
obtained from a second row of rivets in this case, unlesa the 
Bpaciug along the edge could be mcreased. If the rivets are 
tio nearer together than necessary for caulking, a second or 
third row could give no advantage, except in enabling us to 
reduce the thickness of the butt straps to less than the thick- 
ness of the plate, by reducing the number of rivets in the inner 
row where the butt straps are obliged to break. None of these 
considerations are new, but they have been so much neglected 
that those who are familiar with them will^ I hope, justify me 
in thua restating them. But there are cerUun other considera- 
tions equally important, which have, I think, altogether escaped 
the notice of shipbuilders. 

I^t ua suppose that we have a stringer or tie plate, the 
eitreogth of which is, at the beams, and at the butts, ( of the 
full strength of the plates, and that we have no means o( in- 
creaaiug the strength at these poinU. Have we any means by 
which we can, without altering the strength at these points, 
iuorease the tensile power of thu plate f I think the answer 
would generally be, we have not — the strength of the tie will 
be measured by the strength of the weakest place, and this 
strength is lixevl. 

Now what I want to show is tliat this ia not the c^ise, and 
that we have overlooked an important element of strength, 
which ia conducive to economy of matetiaK Taki^ the case of a 
stringer or tie plate crossing a number of beams, say 
ti ft. 6 in, apart, at each of which the strength is reduced to 
Jths of the full strength of the plate. If this plate is brought 
under the action of a steady stiaiu it is a matter of iuditTereuce 
practically how many such points of weakness there may bej and 
bow much stionger the material may be lying between the weak 
points: Eat when strains are suddenly applied, we have to con- 
sider not only i!ie number of tons reqoircil to break the weakest 
section, but the amount it would stretch before breaking. It 
ia, in fact, the work done in producing rupture, viz,, the force 
applied, multiplied by the distance through which it acts, which 
is the true measure of the resistance to rupture. Under these 
circumstauces no elongation will take place in the strong parts 
of the plate lying between the beams: it will all be thrown on 
the weak points; and if any one of these bt? weaker in iuiy sensi- 
ble degree than the rest it will be cou fined to that p^rint. This 
being the case a large increase of power msty be (tbtained l>y 
reducing the strength of the plate between the weak points to 
the strength at these points, or even to leas than t!its» jirovided 
we get long space:^ trf uniform strength to give elongatiuu. 

To illustrate this I beg leave to refer you to some experinienta 
made at Chathani with armour bolts, with reft*rence to a pro- 
posal of Captain Pal Users. The proposal was to apply to armour 
bolts, having Ncrews cut on them, the well knowu pniiciple that 
the bolts would be strengthened at the screw threud, and become 
less liable to break at a sudden jar, if the bolt, era p^jrtion of 
it beyond the threa«l, were reduced in section to the same area 
as the iron left nncnt at the thread. 

The experimenis referred to, made under my own careful 
observation, showtul — 

1. That iron bolts of ginid quality and of nQiform diameter, 
iubjected to n. Mt^mly increasing strain, elongate before breaking 
about one-fifth t>f their original length. 

2. If the diameter is not unifiirni^ but la decreasetl throu^^h a 
portion of the length, iheu tlie redac**d pnrt elongates about 
uDe-fifth of its length before breaking, ajid the larger portion 
scarcely stretches at all. 

3. If this redueel pnrt i« very sliort, as iu the thread of a 
acrew, the strain requiretl to break the Imlt is tliesame per inch 
of the unstretcheil t)r nnginul seclinu as in the previous cfises, 
but there is scarcely any elungatjon Inf »re rupiure. 

4. If the whole length of the bolt ia made t<^ the reduced 
diameter of the dcrew thread, so that the thread projects from 



the bolt^ the breaking strain (gradaaUy applied) is the sume as 
before, but as the bolt will stretch one-fifth of its length bef -if 
breaking, it becomes thereby less liable to rupture by a siaduti! 
blow, because, as already slated, the work done iu producing 
rupture is in proportion to the weight or strain applied, multi- 
plied by the elongation or the distance through which it Is 
applied. 

The details of one portion of these eitperimenta were «a foU 
lows: — 

Four bolta were taken, all made of best-selected scrap iron, 
for the purpose of the experiment, and all of the same diameter, 
viz., 2\ inches; screw threads were cut in the ends of th- \ 
and nuts fitted. The other ends were formed with heads, le.l^ 
a length of 21 inches between the heads and the nuts, li.v 
four bolts being thus as nearly alike in every respect as they 
could bo made, two of them were reduced down on the anvil 
for a length of 4X inches in the middle of their length, to a 
diameter of 1| iocli, which was the same as that of the iron 
remaining within the screw threads. The other two bolts re- 
tained the full diameter throughout. They were broken in the 
hydranlie press, with the following results, which are also fihowo 
in the accompanying photographs:— 
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The fact that the strains of jjreatest magnitude in a ship are 
sudden in their nature, makes the principle under cousideratioD 
one of no slight importance, because we see that by its appli- 
cat Ion we are able to increase the time during which a giTCU 
force must be applied in order to produce ruptur«. 

As the material m dispoEeii at present iu iron decka, and 
stringer and lie plates, the plates are jieiforated in the lines of 
tlie beams, not only by the holes required for the rivets to - 
attach the plating to the beams, but by the deck bolts which^ 
secure the wooden deck lying on the iron plating. The loss^l 
from the iron ])unched out, and the weakening of that which 
remain.% amounts, on the whole, to from 30 to 40 per cent of 
the original istrenglh t>f the plates. These lines of weakness 
occur at interval -^ of about 3 ft. in., and between them 
the plate has its full strength, except where a butt occurs. The 
cousei^iuenoe of this is* that^ when the deck is put in tension, the 
stretching is confined to these weak places, and the nmount of] 
work which the whole combination is capable of doing befoi 
rupture ia exti-emely limited. In onler to remedy this stal 
of things, I prop.jse to remove all the wootleu deck fast^oin^ 
from these weak places, and put it ou either side of the hea^m^ 
The number of rivets for attaching the plating I ako nrapose 
to reduce. By this menus a strength of platmg is ootained 
across the Vmea of rivetting of ahout three-fourths of the full 
ati'ength of the plaU'S. The next thing to be done is to reduce 
the Btrengtli of the plating between the beams to the same 
amount. This might be dane by cutting holes in the plates; 
but instead of this I propose to to omit the butt straps, and to 
arrange the plates so that in eacli of these spaces there shall b^ 
a continuous series of butts and plates in the proportion of onr 
bult for every three plates. In uddition to this reduction 
materia!, I propose to leave intervals between the butts of aboi 
one- third the distance between the beams, so aa to get It 
spaces of uniform strength between the beams. The length 
the intervals between the butls will he determined by tlie 
number of rivela which can be* placed in the edge of the butted 
plate between the beam and the butt, as there rnuAi be 
sufficient to break the plate across the beam. A short piece of 
edge .<itrip on the under side doubles the sheariog value of tbe 
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Mr. BoOLM remarked that the only ens'? l>earing upon the subject 
which had eirer come under his notice wim that of a screw pteainer 
which wm lost four or five ye^rs ago. She wasi an iron «tei\m'?r, and 
■ailed from Greenock. In gcnng into tba North Chan ael nh" eiic win- 
tered a storm, and alupped a great deal of water, which drove the front 
of her piMip in, and knocked a veir hirge hole through the stern* She 
put back to Greenock in that condition for repairi. On inquiry of the 
oaptain and mate it was found that she had high bulwarks and a hi^h 
poop and forecastle, and tha^t she filled with water in the middle part,' 
but fittm the fact that the front of the poop gare way and carried away 
part of the stern, ahe ^ot free of the water, and in this condition came 
hack to Greenock. There she got the front of the pi^op replaced and 
made Htrong enough to resist any pnessuro of water t(» which it might 
bi subjected, and aba ^ bulwarks were strength'^neit, and afterwards 
went to sea, but was never again heard of ; and to his mind there waa 
no doubt that she had fuondered, because her poop waa so strong as 
not to give way, when struck by seas which filled her, as on the former 
occasion. 

Mr. RoBEET Du^CAjr said there seemed to be a great deal of specula.' 
lion ftbout the cause of the loss of the London. The survivors from 
the wrack were not experienoed in the conBtruction or form of the ship; 
but Mr. Barber, one of Lloyd's surveyors, gave important evidence. 
He stated that those things were managed better on the Clyde; and 
■bowed particnlarly that the engine-room skylights were so constructed 
thst water on the deek would find its way out of the port8 before 
it could *' run down" into the engine-room. On that principle he had 
constructed the Pomona and other vesaeb, so that the iron coaming 
or solid part of the skylight was always on a level with the m'kin rad 
of the bulwarks. He believed that wis a very good phuu He thought 
it was expedient to carry this matter before m Board of Trade, as 
the Scottish Shipbuilder^^* Association hud done beforo. On that oc- 
casion Mr. Mooreom had made tome remarks lu reference to what he 
(Mr* Duncan) hod said at the jn^eting. to the effect that yesaelt ought 
%o be allowed a proportion of 'space for the crew. Mr. Mooraom said 
that the thiokness of the deck was sufficient compensation, NoWj he 
maintained that that was not a sufficient percentage towards the ton- 
nage of the ship. If a vessel of 2000 tons bad a deck four inches thick^ 
the percentage was only two per cent., whereas the allowance given for 
the crew space in the topgalbuit forecastle was equal to five per cent. 
Small vessels, aUo^ did not proportionately benefit in that way. By t)ie 
prseenl moasurement, large vesaols were greatly favoured. He thought, 
ihet«fore» they should ask the Board of Trade to make an allowance for 
the crew in all vessela. 

Mr. D. Rowan woa sore that a more interesting paper had never 
before been brought before the society. He could now understand jwme 
4ii the causes nMoh might have led to the losa of the London ; and 
both Mr. Fersuson and Mr. Manael had shown that some gross omission 
hod been made in her construction. Looking at it in a humane point 
of view^ he was quite clear tiiat they ought to memorialise the Board of 
Trade in reference to the tonnage laws. 

The Pbessuent then moved a vote of thanks to Mr. Fet^guson for his 
paper; and caliod the attention of the m*M»ting to a Bill to amend ** The 
Merchant Shipping Act, ISSI,"^' now before ParliiitTicDt, and which woa 
to oome on for the second reading on the ()th Aprd. It had reference 
solely to the measurement of the engine-room; but as the Government 
had moved in tho miitter the council thought this was an opportune 
occasion to approach them, with the view of getting mme of the ano- 
maUes connected with the measurement of ships removed. On a former 
occasion, when the ^Scottish Hhipbuilders' AsiU)ciation memorialised the 
Board of Trade on this subject, the reply received was as foUow4: — 
''With reference t^Di your letter of the 15th January last, inclosing copy 
iyf the proceedings of the Scottish Shipboilders^ Assooiatian, mlating 
to the measurement of ships far tonnage purporeiy and oommuniciiting 
a suggestion by a committee appointed by the Association for the 
special considtiratifm of the subject, to the effect that the deduction 
on aooount of ac^commodation for crews should be allowed in cases in 
which it is not now allowed, I am directed by the Lords of the Com- 
mittee of Privy Council for Trade to acquaint you, for the information 
of the Aftsociation, that in the event of any further legislation on the 
snbject of tonnage, the points to which you have directed attention 
will reetjive the oiAptjful consideration of their Lonisbipa.*' The Board 
uf Tra*le were thuM ciimmitted to the consideration of the subject, and 
he thought they ou^bt to remit the 5 per cent, of the gross tonnage 
for crew space, whether it was above or below deck. In regard to 
spar-dLM:ks, he thought it was rather anomaUMU that tonnage should 
not be charged for dt'ck-hoiises when two great holes were left on 
-each side <if tlietn, but whomever a deck was pwced across those empty 
•paces that tonnage should be counted. 

The Pkf>?tdent called on Mr. CosteUoe to give the mectmg the 
benefit of hLi viewd on the subject. 

Mr. CosTiLUiK aaid he «iboulr) be very glad to give the meeting every 
information in bis pf>wer regarding the Bill introduced by Mr. Miloer 
Gibson. He had no reserves on the subject, because he was aware 
that tho Board of Traife courted inquiry, and invited public bodies, dook 
^oiOipanies, and steamship owneiB to cxprtas their opiuions on tfae 



matter. The Board of Trade hxul no object in view but tho public 
go<:>d. There waa no tjuestion of revenue at stake, for althou^ the 
Government appointed officem to survey and reg^wUjr ships, and give 
forms and advice frequently, gnitiH, it ouu:ht to be known that they 
derived no benefit whatever from their labours. The quei!tirjn uf ton- 
nage was not new to the members of the Scottish Shipbuilder^^ .Asso- 
ciation. It had frequently come up before that body, afid had 
been made the subject of SMlmirable papers read by their president 
and other prominent msmbers; and they might well cougratuhite them- 
selves on the result. They had obtained a promise from the Board of 
Trarle that their views would receive consideration, and had received from 
the late Surveyor- General for Tonnage an assurance that he concuxred 
in those views. It might be desirable to explain for the satisEaction of 
those not conversant with the subject before the meeting, that the 
immediate cause of legislation wa^ this— The Act of 1SS4 provided 
that a certain allowance should be given to all steamers for propelling 
power. This allowanoe in its general application was, 37 per oeait. 
of the gross tonnage in paddle steamers, and 32 per cent, of the gnMS 
tonnage in screw steamers, and in extreme cases once and one-half tlie 
actual sp«oe occupied by boilers and engines in paddle steamers, and 
once and three-fourths of the actual spioe in screw steamers. Well, 
this arrangement led to anomalies, and in IS 60 the Board of Trade 
amended this part of the Act of 1854, as it was held it had power to do 
under the provisions of the 29 th section of the Act in question. Tlie 
new mode of calcuhhting the allowance for engine room was founded on 
the length of the space occupied by engines and boiler, and consisted of 
the cubic content of the section of una ship in which the botkn and 
mocliinery were placed. This system continued in operation since 1800. 
not unquestlooedl however, for those steamboat owners who suffered by 
the alteration complained of the effects of the new rule, and eventually 
to<jk legal proceedings against the Board of Trade, which eventuated in 
a judgment advene to the CTOvemm<>nt, and hence the n ec cB si l y for 
obtaining the sanction of Parliament, not only for what had been donc^ 
but for the contiiiuanoe of the present system of calculating the allow- 
ance for pn^pelUng power. Into the merits of the law as alterdd he did 
not think it ueee^aary to enter. There has been ample time to test the 
workin;! of the system, and he wa>s of opinion that the question may lie 
safely left in tho hands of steamboat owners, who should be tlie nest 
judges of their own interi^ts. They are a b^ge and infiuential class, 
and he thought it would be admitted that they have much at stake, and 
are well able to take care of tliemsdves. But there is another and a 
burger question raised by Mr. Fei:puK>n*s paper, the tmportaace of which 
cannot be over- estimated, and that b, does the registry law stand in the 
way of improvement in tho building and equipment of ships I Mr. Fer- 
guson seems to think it does, and if hii} views arc sound, he admitted 
that the Act of 1851 required amendm<mt. He was aware that the rules 
that govern tonnage infiuenoe to a great extent the arrangements of ship- 
ownen and sLipljuiUlcrs, and have always done so; for previoas to 1864 
every change in the tonnage laws produced a change of model, the fonn 
of ship adapting itself to the law, so as to insure the greatest amount ol 
carrying capacity on the sm^lest registered tonnage. But tlie Act of 
ISoi appUoil a remedy to this evU, because, as far as the under deck 
tonnage m concerned, no form of vessel could evade its provi^ionf; but 
like aU other human piwiuctions it had defects— it was not perfect; what 
law ever was ^ It provided that nothing should be adderl to the toojuige 
for any closed -in space on deck occupied by the crew unless such 
exceeded l-*2ilth of the gross tonnage of the ship; but from tliis 
ance all vesaek are ne^xsasarily exelude*! unless they can lierth thei: 
crews on deck. Now, he thought that it was amply dear that it wj 
unfair to give an aUowance to any one class of vessels of which ol * 
ships could not avail themselves; and it was equnlly clear that this pro 
vision had led to the deck arrangements of which Mr. Fergnwin com 
plains. It must be oonleased that spar-deck ithi|)s are hardly dealt with 
and that the penalty paid by the owner for joining his topgalbnt fore- 
castle and poop by a fiush deck is heavy, and has no doubt deterrevl 
many fmm building spar-decked ve^cls, however superior; and so long" 
OS we offer so Urge a premium for the erection of deek-houios. he feared 
we tihall have them built and fitted to a dangerous c:Ktent; but withclraw 
the premium, and the pmctice would die a natural death. There ii 
another class of vessels excluded from the allowance. He meant thst 
numerous class of small sailing vessels engaged in the oosAting trade. 
Now, as aU dues and port oiiarges, including towage, are levieii per 
register ton, it follows tliat all small veaseLi are compelled to pay 5 pv 
cant, more tlian they are entitled in juHtioe to be charged with. He need 
hardly oay that there are no vessels afloat that havo so many dtffiimltidi 
to contend with, and no capital that pays so small a ner-centoge m thlA 
invented in ooaf^ting vessels. He therefore ooneUuled that ooasteni tie 
hardly dealt with in being excluded fwm the allowance for crew siiAoe. 
But there i* a higher grounl fn«ii which he thought this subject should 
be looked at— the sanitary condition of Uie sailors that man our coastii^ 
orafL He knew fn>m personal observation that the apace allutted to 
them is so suitill that neither cleanliness nor comfort is posjflble, and Uw 
excuse frer]iieiitly advanced in justification of this state of thing? rs, ** wt 
cannot alTMrd m'lre room/' He would remedy this by exteodtng tht 
allowance for crew space to all vessels^ whether berthed on dedt or w^ 
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J provkion under heavj peoaitiea that the fpAoe aUotted to ench 
f tlki^ cT»w ^hiiuli) lie idmilar to that pmviJed for & iteenige p&asenger. 
k©i(* 1 ' r clAimsi on our BjiTnpathy, and he submitted* thAt 

I _d to be he&Ttl iu their beh&lf. He also thought 
h^-'" , -- »ii i . i..^thuUdar8 m^ entitled to consider and pntoounce an 

the fttiU mtvre imporfcaiit queBtioa of efwir-deck uhipe, m oon- 
L tr h that chiM of ves^ls referred to h^ Mr. Fergusou, and he 

tmm tiuite fiure that any well- considered suggestion will receive due eon- 
ation in thi? proper quarter. 
Mr. - id thnt no one would question the propriety of haTing 

fl|M|>-> •' of diie^, with regfird lo the sprices not u^ed for stow- 

iaf carp,'., .'11^ <L wouiii l»e necen^ory to prohibit jiuttiJig cargo in such phwea. 
Mr. CosTBLLoi replied that that part of the matter could be rety 
easUj aettled. He would grant cscemption from dues for it on the same 
ooadUiQii aa a ship without such a deck, provided that nothing: was 
ttowed in the passages; and in regard to »inaU vessels, he would ri^uire 
that each of the crew should have the same epace allotted him as every 
it^cra^ passenger had. 

The l*BP^TDr!iT held that the covering of th-«e deck holes was just 
Uke the privil*:i,^»j ^ranttMi to vesfleh of the same class a^ the lona. 

Mr, C'^STELLOE agreed with the President iu tliatopiuictnj, and b«lieved 
that if the matter wVre phioed before the Buard of Trade it would be 
seltleiJ aatiafacloriiy. 

Mr. J AS. Allak did not think there couhl he any doubt as to the 
nperiohty of a four-deck ship over u three-decker. The object hiw firm 
1 in view in pnttinp^ in a fourth deck was, that in going through the 
lorihem Atlantic the passengers might grit exercise in bad weather 
L ihi'y couJd not get on de^k, and they thought they had got as much 
nranoe from the Governiaent as to warrant them in continuing to 
Qjld them. Accordingly, they contracted to build two of that deajcrip* 
When they got one finished they found th»t the gross tonnage 
so much more than they expected^ that thc^y countermanded the 
r lor the teoond in so far as the fourth deck was eonceniGd. The 
I iSbtk% ftltbough the latter was 9 feet longer and 1 foot broader 
1 1]|0 former, yet she was 3QQ tons less register ! Consequently , they 
paid about £1200 a year less duet for the burger vessel Tlie fourth 
deck greatiy tended to the comfort of the passengers, so that on the 
poinl of humanity there was great reason for an altemtion in the law. 
Htt thought that, if the matter was properly represented, there was 
Kartaelj * chanoe of a refusal With regard to carrying cargo in those 
•paoea, he was of opioiou that no oneV^^^ld try to do so; aiirl if the toad- 
hue were kept to the main deck, no cargo could be carried there. Dry 
cargii could not be put there, for it woidd be damaged by the water, so 
that that objection was easily deposed of. He sugges^ted that a com- 
mtttc-t' ^*e appointed to draw up the hcatls of a raemorial to the Board of 
TnnJe, which he beUeve^i wouM be attendcil with the best eMects. As a 
r, he had no doubt at all that the present tonnage laws ptievL^nted 
emeot of shipA in mnny ways. He did not ask for the exclu- 
Ftiie poop from the regiatt-r tonnage. 

, J. M'DoKALO said that all parties seemed to be agreed that no 

i should be made on the measurement for any advantage that is to 

lo piassengeiv on board a ship; and what he would atigge^t to 

imtitcitioQ wa«» that they recommend that every [wirt of a ship^ no 

mftiler whether to carry passengers or not, should be measured, but 

lliftk« an altowaoce for the accommodatiou of ^aibtrs. Make a distinction 

itw«eii what brings revenue ptr ^€, and leave the rest free to betie^t 

Mr. R. BcTCAN suggested that the Board of Trade should be reoom- 
ended to measure every part of a ship that was inclosed, whether it 
i im deck or below it« and that they give an allowance on the gross 
ig« for the crew. At present the shipbuilder luui to build tons of 
i for which possibly he was not p;ud, it nut l)eing measured; hence 
ioitght it would be better if the whole vessel were measured, 
^■Usys. water closeia, topgallant forecastles, ^., and a fair allowance 
mad^ for orew space. At present a great portiim of the deck-houses, 
foceoaatles^ 4c., were kft to the surveyor to measare or not as he thought 

Mr, CosnxLOK said that Mr. Duncan was in error if he supposed that 
I optional t*> the surveyor whtther he measured some Bpaccs or not. 
woriU of the act were— *'Evtiry permanently dosed-in space," 
h«r it wa« sufficient for sheltering cargo, paaaeogerSf or crew. Now, 
J the i])«ce« referred t<i by Mr, Dnncmn were thoa© over the hatches, 
[ winches, and others, which were sometimes fitte<l with slidiMg 
ds, which were run out and in as required; but the surveyor had 
no power to measure such — th«y were not permanently inclosed. 

Mr. SniONH did not admit that such deuk spaces, if covered in, would 
not be used for cargo. Many things in the East India trade might be 
•lt»iPtd ftway in them. 

Tbe pKGfitDBirT said that he thoufrht Mr. Duncan wished for the full 
msftiureETOent, in order that shipbuUdera might be paid for every regis- 
tarsd ion they suppliai 

Mr. DUKCAK thought it would be the fnireet way for all if the whole 
vessel were mesAitred; the builder would know what he was giving, mod 
the owner what he was getting. That woull do away with the great 
dtffi^rsDce apparently in tonnagO| as shown by Mr, Alhui. 






Mr. George SwriH, jun., said Mr. Costelloe seemed to say that 6 per 
cent, would be a full allowaneo fi»r the crew. He would suggest that in 
any memorial sent up to the Board of Tnuie they should stif>ulate that 
the crew should get the Ijeuefit of all such allowance. Then, with regard 
to the spar-deck^ he agreed very muth with Mr. Simons' opinion, that 
there should be a distinct proviso that no cargo should be put into such 
excluded places. He rlid not think any deduction should be ma^^le for 
cabin passengers; but he did not think space ought to be included in the 
tonnage which was for the exercise of steerage passengers. Let the 
whole be measured, and an allowance made for the crew space and what 
was required for the comfort of etecrage passengers. The rate per ton 
wiiieh bitilders would charge would soon regulate itself accordingly. 

Mr. CosTBLLOE said wh.at he suggested, in reference to the crew epaoo» 
was that each se&jnan should be allotted as much space as a steerai^ 
passenger. With reference to the spar-deck, the only iimuunity claimed 
by the advocates for spar-decks was that nothing be added for the spaoe 
covered in for exercise in bad weather and not used for carrying a 
eargo^ and nothing lie abided fur the doeett, galleys, or washing-houses 
for female pa£«engcrs. 

Tlie PB£.sidknt said the memorial must b? presented withoat much 
delay if it was to bo of any use. It would therefore be neeessary to 
remit it either to the council or to * committee. He moved that a 
committee be appointed. 

Mr. Simons thought they should each have a ctjpy of the memorial 
before them, previous to couimitting theiusselves to anything, 

Mr. Hunt thought there wa« not time for that. He would leave it b> 
a committee. Ho seconded the President's motion. 

Ilie motion wa.% cjtrried. 

Mr. D» UoWAN then pn^pMeil tliat the following Iwe appointefJ a com- 
mlttco to draw up a memorial to the Iioar<i of Trade on the atibject: — 
Messrs. J. G, Lawrie (convener), George Smith, jun., J. Allan, John 
Ferguion, K. Duncan, H. Mamel, M. K. Costelloo, A. Gilchrist, 
D. Kowan, W\ Simons. 

Mr. R, Bhuck Bkll seconded the motion^ which was carried uiuini- 
moualy. 



Subjoined is an extract from the Memorial sent, on the Srd of April 
last, by tb<? Institution of Engineers in Scotland, to th" Board of Trade: — 

*^Thls institution liaving bamed thi^t your Lordships are at present 
legislating on tlie subject of Tonnnge in a Bill now before Parliament, 
prepared by Mr. Millner Gibson and Lonl Clarence Paget, have resolved 
to renew the application to you on the important subject of the tonnage 
of the spaces occupied by the crew, and have appointed tis a committee 
to make the af}plication. 

By section 21, clause 4, of the *' Merchant Shipping Act, 1854,'' it is 
directed that nothing shall be added to the tonnage for a cloeed-in i[jace 
on the upper deck, solely appnopriatcJ to the berthing of the crew, unless 
such space exceeds ono-twentieth of the remaining tonnage of the ship, 
and in cai^e of such excess, this excess only shall be added. 

Your Lordships will see that this enactment fumishee an inducement 
to provide tlie accommodation for the crew in closed -in spaces on the upper 
deck, such as topgallant forecastles, and deck houses, because the ton- 
nage of such spaceti not being included in the register tonnage is not 
chargt^able with dues for docks, lights, or any purpose whatever. 

In large ships, which trade in warm climates, the seamen can he, and 
are comfortably quartered in cloaed-in spaces on the upper deck; but in 
snsali vessels no such ppace can be provided on the upwr deck with due 
reigard to sea- worthiness; and in any vessels which tratlo to cold climates, 
the seamen cannot tx^ placed in topgallant forecastles without subjecting 
them to severe discomfort. Thus tho^ vessels whicli, for sea- worthiness 
and the protection of the seamen, have the forecastle under the upper 
deck, and of which the measurement is included in the register t^jnnage, 
are subjected to the payment of dues on the tonnage of the crew spaoe. 

We are not aware of any salj«tantial reason that can lie urged for this 
exemption of the crow space in the one chuM of ships and not in the 
otlier. No such reason exists with remeot to the sea worthiness of the 
ship, nor t*) the comfort and safety of the crew; nor can we imagine that 
it can be urged, for one moment, that a ship with the crew jipace under 
an upper deck i^bould pay larger dock dues than a ship with tnat acoom> 
mixlation rtbove the U|>per dock; nor that it should pny » bigbtr tax for 
passing a lighthem»e. If the crew space, when plai'ini nniler the tipper 
deck, was exempted fn»ra the register tonnage in the same wayaa when 
placed above the upper deck, shipowners would lie free to quarter the 
crew in the situation most advantageous for the seaman, and to give 
them the extent of space nece^ary for their comfort. 

We beg your Lordships most respectfully to consider theee atate- 
ments, and we cannot but ejpresw not only a great desire, but a strong 
conviction that you wiU be pleased to grrmt the exemption of measure- 
ment for the crew space, whether it be placed above or below the upper 
deck. 

, We have now addressed your Lonlahips on the subject which originally 
formed the object of our dojsire, but recent events — the shipwreck m 
two large shi|K?, the London and Amalia, attended with the meet 
lamentable results, furnish our reasons for addreadxig your Lordships ,4^ 
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luiotber firoTiBion of the TonTtofire Laws, opsrating to the great injoiy of 
shifw aa well w to the danger of ims^engera. 

With this letter^ we beg leaye to submit ft drawing of a ship, showang 
nn fljTangement that is Bot imuBiud for pftftiei^ger ateamera. AccordiBg 
to thi^ plan, there 10 a p«x)p, a topgallant forecastle, and a range of hotisofl 
extending aeiirl]^ from the ponp to the forecAstle, and all fonubg cloc^d- 
tn 8paoe« on the upper deck. In such ahipi, tihe space fomiiug the aocom- 
modatiosi for the crew to an exteut not exoeediug one* twentieth of the 
nmaining totuiage of the ship, the cook*B-gaUey, the water^doseU, &c., 
aiv not included in the register tonnage of the ship; but tf these are 
covered over with a ctooed-in deck, they are at once included in the 
regiiiter ontnagc, and subjecrt the ship to greatly increaied dock, harbour, 
ami lighthimse duea. This additional taxation ha«i prevented shipowners 
fn»iti building ships with decks covering over aU oj>en spaceSj and has 
led to the use of ships constructed as shown on lh« drawing. Your 
£x>rdah]pB will please to observe that in ships so crmntructed there are 
large spaces extending from the poop to the forecastle, on each side of the 
shipf between the ranges of houses on the deck and the bulwarkS| spaoea 
which are receptacles for immense quantities of water shipped in heavy 
weather, cripfiling and imy«?riying the Bafety of the ship. 

If the Tonnage Laws excluded from the register tonnage the accoin- 
mndation for the orew when pkoed under the upper d<.'ck, if the cook's- 
galley, the water-doKets, the measurement of thenc dangerous receptacles 
for water extending all along each side of the ship, were excluded from 
the tonnage when covered over with a clo«ed-in dt-ck, called a spar-deck; 
lit in short, the register tonnage of the ship was unaffected by the use 
uf a tleck over all- a deck which aiUl« at once immensely to the strength 
of the shipt and which reduces to a mininmm the dangera to wMch the 
ship is exposed, shifio^-ners would 1>e freed from imposts that at present 
nuist severely hamper them. With this covering deck, or spar-deck, and 
with the netted bulwarks used with such decks, no lodgement for water 
i5xists; there is no spirkeiting, ua in the London, to obstruct on one 
side of the ship the escape of water shipped on tlie other, there is no 
i|uestiou about the size of ports through the bulwarks to pass the water 
From the deck of a labouring ship, and why should a ship constructed 
with a continuous dcck» covering both the crew apace and those spaces 
which without the deck ofiTord lodgment for water, be charged more for 
lying in a dock, or bo charged more for passing a lighthouse, than a ship 
not having the deck. To make a difTerence in the two cases, we respect- 
fully submit, is unjust as between ship and ship. 

We respectfallr suggest, that your Lordships will l>e pleased to intro- 
duce clauses in the BiH now before Parliament for tho purpose of carry- 
itig these exemptions into effect. 

1. To exempt bv>m the register tonnage of aO ships the meauureinent 
of all spaces for the accommodation of the crew, whether placed above or 
l*elow the upper deck, to an extent not exceeding one-twentieth of the 
remaining tonnage. 

2. To exempt from the register tcmnoge of sliips built with a covering- 
deck, or spur-declc, the measurement of all spaces under the spar-deck 
which are at present exdudeil fmm the register tonnage when the ship 
has not a covering deck or spar-deck, ample security being taken that 
the spaces excluded from the measurement, shall not he used for berthing 
passengers or stowing cargo.*' 



BREADTH OF LIGHT AND SHADOW IN 

AECHITECTFIiE* 

By Sir Walter C. James, Bait 

Otra life may be said to be composed of liglita and shadows' 
In studying this aabject, therefore, it has appeared to me that 
it might be pennissible to treat it not merely in a dry and 
techoical mauner, but with some reference to general principlea. 
Not indeed that the technical part of it is insiguiticant, for it is a 
niaiti element in the snccess not otjly of the architect, but of the 
pftioter and sculptor, that lie should make biriiaelf mrister of that 
branch of bia subject which the Italians c;dl eA i a n? *cTiro, but 
which with 138 goea by the simpler iianie of Light and Shadow; 
iind ip the outi;4>t I cannot but express an opiuion how unfortn- 
nftte it is that the study of our architects is far too much ct>niined 
to that of eievaliona and sections, rather than exleuded to per- 
spective aketcbiug^ and, what must be even more usefiil and 
truthful, the construction of models in some detail of the struc- 
turea they are about to erect. The appearance of a building 
with or without the sun upon it, in the morning or in the 
evenings is a matter of nn sliglvt iniport/tnce, yet seldom mach 
weighed or thought of. Does its outline come boldly out upon 
the sky, or is it hacked by liilb and wonds ? What is the depth 
of shadow cast by its mouliMngs aud cornices? What ia the 
setting cif ita windows — the best, perhapa only index we have 
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of the strength and thickness of ita walls ? These are a few, but 
a few only of the qiieationa which a study of the light and sbaiJow 
of a building presents to the mind of the architect. The tenJencyJ 
of the revival of architecture in England baa been rather towards! 
technical excellence than the improvement nf the great principles' 
of design. Nor are the cauaea of this far to seek. The revival 
baa baa its origin more in the individual spirit and energy of 
private persons, than in any Government influence. The Church, 
indeed, as in the olden time, has been the main friend and sup- 
porter of the art, but here, too, the tendency haa been to small- 
neaa and prettiuess, rather than to size aud magniticeuce: true, 
indeed, our cnthedrala have undergone, to 00 inaigniticant degree,] 
restoration and improvement, but it has been in the embellish* 
ment of the superstructure rather than in the ext^^nt of the 
foundations. Here, too, it ia the unit, rather than the corporate 
idea, that has had its main influence upon the public mind. The 
pariah church nr the nobleman's mansion has been the scene of 
the art'hitect*8 most socceasful liboura. Of course, to this rule 
there are large exception^. The vitality which has risen from 
individual energy and individual wealth has spread through 
every part of the body politic of Englaud, and we have seen 
with our own eyes the erection of many noble public buildtnga 
of which no age or country, not even classic Italy, need have 
been ashamed ; yet I dare affirm that the move men t has beeaj 
inspired fr<nn below rather than from above. 

This is quite in accordance with the spirit of the age, Thel 
taste has spread from the labours of each men as fiickman, 
and Pugin, and Rusk in, rather than gained tuspi ration from ^ 
public patronage, from the Government, or from the Crown. 
The consequence is, that our efforts, our expenmenta, are 
necessarily upon a small scale at first. We are like military 
officers who have nut had much opportunity of moving large 
bodies of men ; whereas, abroail, paiuters* sculptors, and archi*^H 
tecta generally, have much aatiistunce from government, put^l 
themselves at the head of a large set of young men, and form i 
a school, whether of painting, or sculpture, or architecture. We 
in Ena^luud work in au isolated and therefore comparatively^^ 
small way. Here aud there a weU-known architect or 6cu1p-^| 
tor may have pupils ; a priinter, we may say, hardly ever. ^f 

Nor do I feel that this mode of working ia altogether wrong. 
It interposes great dithcuhies in the way of struggliug merit; 
but, on the other baud, those choice spirits who struggle up- 
wards are probably men vi higher genius than those who iu the 1 
neighbouring country are raised up under the fostering wing oIh 
Imfierial patronage. We hava notliiug to be ashamed of in tba^l 
artiala of our day. Finish, indeed, perhapa, beai^a a dispropor- 
tioiml v?ilue in the mt%rket, and the exoellenctj of detail, whether 



in architecture or ita sister arts, is very highly appreciated; while J 
genius like that of a Bbke or of a Martin is little thought o£j< 
mention these topica of the day as one excuse for recalling to ' 



your minds a few of what I would call the larger priaciples of 
tbe art, — its tlieory rather than its practice, 

I would, then, ask yuu what Ia breadth 1 It is a word frequently 
in th& mouth of the artist, but, perhaps, not readily present to 
the mind in auy very cl&tr and definite maimer. Perhaps we 
may arrive at a suuud notion of its nature by looking at its 
opposite, which I take to be " s|x>ttine88 of e^ct^*' or " over- 
crowding of detail." As a general rule, we may say that the 
earliest styles of Gothic art, the Norman, the transition from 
Norman to Early English » the later transition from Early 
English to Oecoraled, present noble examples of breadth 
and simplicity of treatment, when compared with the Per 
pendicular in England, the Flamboyant style in France, and 
the Renaiasatice in Italy. It has been observetl by a writer oa 
morals, that we do not want a dinner to be "all aweeta, or aU 
deasert," or a beautiful dress to be all ** flounces and furbelows;" 
so, too, we do not like a building entirely covered with orDameo- h 
Utioii, which justly is comparod rather to ^' filagree- work, off^| 
lace-work," than to the realisation of that noble idea of structure™ 
which makea the frauiework the baai» of all real beauty, just a« 
the bones of an animal are the true foundation of its features and 
its form. Not universal ornament^ then, but ornament in the 
right place, in the ri^ht degree, and, above all, in the right per-_ 
fection, are characteristics of breadtlu With breadth ts nee 
aarily connected severity of style ; and I would add this 
observation upon the subject, which, I think, is agreeably to a 
remark of Mr Burke's, in his essay on the Sublime and 
Beautifnl. Breadth seems to be necessarily linked with size, 
and what may be called a certain masculiue vigour in th% 4m^ 
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^■^^of » buiMing, Small thingB are deprireti of much grandeur, 

nod \l& pkoe id theu supplied by the secondjiry attribute of 

ll proUioesB or elegance. I would inaUnce, as a proof of this, a 

wimll apartinetit aa compared with a large ; a lady-chapel as 

■compnml with a nave ; inotul-work as compared wiLli stone- 

rork ; and jewellery hb compared with iron-work. The more 

fttnatc the object, the less iitsed we fear that exquisite finish 

||)oo it will be contrary to the rulei? of taste. The dragon -fly 

' Llhe humming-bird has col^jura more brilliant, hoes infinitely 

I delic&te, than we find in the plumage of the duaky eagle or 

tf coat of the lioc. Small things can hardly be too pretty; 

ii^e works can hardly bo too simple. If this were kept more 

|in mind, I think much uaeleaa expense might be spared. Size 

itt» building in no ttrndl measuro supplies the place of ornament. 

. Atre is d'guity even in empty wall spacot On the other baud, 

' I smAlI chapels, in the tombs of the wealthy, in the reredoa, in 

be font, in the memorial stone, we have good examples where 

he true principles of simplicity and vigour may with great 

jjipprr^priaieness be made to yield the palm to loveliness and 

idtb, then, ia always accompanied by grandeur. 

*• Thme TiUubii f^ihHoi, 
Which iwini in Eajvt'a pl&tof to times that liftirc 
No ci»b«r reoird, 

[iplea of this; and as we Bail down the stream of 

I ftdv&uoe in knowledge of world architecture, the Doric 

«mple presents to us the noblest example that can be fouod of 

* breadth" Ornament, varied and rich, is confined to the peJi- 

neut, the cornice, and the frieze. Yet, what glories do these 

lo«se. How dimple, and yet how perfect, are those forms of 

Mid horsemen which came from the inspiration of a 

Scolpture, indeed, always was used as an adjunct of 

, art in the days of its true glory. . Not merely the frieze, 

be metopes between the triglyphs. The pediment, aa befr>re 

1, and the pedes tids on the roof, are all useless and quite 

without intention, unless surmounted with sculpture. We may 

atieo loo, how accumtely the principle of ornamenting "atruc- 

arc'* is carried out. The ornament being almost alwaya placed 

ipou some essential part of the building, and but seldom super* 

dded, aa a mere wauton and useless luxury. The variety of 

brm, too, which chanicterises this Doric atyle is notable. We 

Bay first of all observe the form of the building — a pamllelograin 

• ubloi)^;. The cornices, the triglyphs, the bases ot the columns, 

ilie steps leading to the portico, are all square in outline, and 

Dotable fur the aaliency of their right angles. The columns are 

ill circles, and being circular present the finest contrast to the 

[^uare masses of which the building consists; but the adjuncts 

»t these noble shafts, the fiutings^ and the capitals present the 

'nrm of ilelicate curves. The capitrd is ovoid. It used to be 

sumed that these columns were bounded by straight lines. 

fodeni discovery has showa that they have a convex profile, — 

Etliis in the Parthenon goes to ^\^ part of the whole heigJit of the 

Icolumn. The absence of this in modem work gives that poverty 

t-mnd rigidity to the style, — in other words, tliat want of breadth, 

— which is so frequently matter of just complaint. 

W*/ nee, theU| tlrnt although the iJt)ric order is remarkable for 
iLk symmetry, its breadth, what may fairly be termed the 
ojjposite merit, variety of form, complexity of detail, was never 
abient from tlio mind of the Greek artists. Variety, ind'^Cil, 
may be said to Im the note of the picturesque, as symmetry is 
iLe liotd of whfit 13 purely and simply beautiful. It ia in the 
eocnbinatioD of the two that we have the acme, not only of 
archit cturcil exoellcDce, but of all art. 

Another refinement was to give a alightly-Lnclined inward 
•tope t*) ths whole building. This, of course, brought out a 
gmi notion of s«pp4:>rt and strength. Kach curve was designed 
upon principle-s truly mathematical. The care with which the 
Mason* Work was built has never been surpassed; and yet all this 
Mkefiiorious detail wa^ nut, even in iu smallebt part, superl^uous, 
because it wad bestowed upoji ii design at once simple, appro- 
firiate, and beautiful Tlie probability is that these splendid 
temples were not only remarkable fur their lovely forms, for the 
depth and play of light and shadow on the rouuded column, and 
in the ileep recesa, but that they were brilliant as precious 
stones, distinguished even at a distance by t he irsp.trk ling colour. 
This topic, however, is scarcely withiu the scope of this lecture. 
I hapten onwards to notice some few other examples of breadth 
of treatment, as it is called, of which the pure Dorio sample may 
fiairly be termed the moat natural and perfect form. 
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Taking a bold lejtp, as it were, from Pagan styles to Christian 
art, we perceive au unmiatakeable analogy in their progress 
and development which ca'n hardly escape the notice of any 
intelligent inquirer. The social state of man as he emerges 
from barbarism into civilisation, develops, at various periods 
of history, in similar ways. The Christian civilisation is unlike 
the Greek, and it is as superior to it as the character of its 
great Founder was to that of Socrates. Nevertheless, there 
are points of likeness, and if the theocratic system of the kingdom 
of Israel was intended (aa most orthodox divines admit) to pre- 
figure the sacerdotal and sacramental system of the Christian 
churcli — if, as lawyers will not be slow to acknowledge, we 
must look to ancient Rome as the fountain of all systematic 
lawa^ and what may be comprehensively called the organisatioti 
of civil society, to Greece we may confidently turn (as an able 
statesman has lately told us) as the divinely-appointed source of 
onr knowledge in all matters of taste, literature, poetry, and 
art The lodo-Germanic races which descended into Hellas 
proper, from Theasaly, from Thrace, from Scythia, were but 
men of like passions and kindred origin with those who, many 
centuries afterwards, came down from Germany and France 
into the plains of Lombaidy. It is therefore not unnatural, upon 
general grounds, that we should trace iu the early styles of 
Greek architecture, some faiut likeness of the early styles of 
Christian art, and that, mutatis mutandis^ we should see in 
Doric simplicity a prototype of Norm.'vu breadth and grandeur, 
a prototype undoubtedly more perfect in all technical excellences 
than its Christian successor, but leaa fertile in idea, in variety, 
in all those attributes which diatinguiah the Church architec- 
ture of MediiQval Europe from the Temple architecture of Greece. 
What the Doric style was to the Egyptian, the Norman style 
iu England wiis to" the Continentual styles. This, Mr. Fer- 
gusson, in his able Handbook, remarks, is well exemplified in 
the nave of Durham Cathedral, a buildiirg differing in every 
respect from anything on the Continent. He proposes to give 
to it the name of ** Norman Saxoniaed," but emphatically denies 
that it has any claim to the distinctive cliaracteristics of Nor- 
man* In both, however, the common iittribute is "breadth;** 
not so much largeness of dimension as largeness of proportion; 
an unnecessary strength in all the supports; an unnecessary 
deptli iu all the mouldings; an almost superhuman vigour in 
the style; and a superabundance of sculptured ornament, which, 
however rich it may be, never interferes with the tnaiu lineb 
of the biiildiog, or the unbroken surfaces which are a necessary 
constituent of breadth. The beauty and minuteness of the Nor- 
man diaper work is a very remarkable thing, in a style where 
all else is so large and so bold. This nave of Durham, as Mr. 
Fergusson says, bold, massive, and grand, presents a striking 
contrast to later examples, such, for instance, as the nave of 
York Minster, which, though spacious and elegant, and pre- 
senting a d'^gree of rtifinement in every process and every detail, 
to which Durham cannot pretend, is not nearly so imposing 
as the rude grandeur displayed by the latter, notwithstanding 
its far smaller size. 

It ia nut impoaaiblo that the analogy I have noticed between 
tbe early Doric and the Norraau might be carried further. There 
ia in the Ionic atyle a char'vcter of elegant simplicity whicli is 
not alien to the Early English; and iu the richness of the 
Corinthian a great likeness to the Gothic Decorated style. 
These may be feeble mialogies^I will not too much insist upon 
them; and yet, on the whole, they appear to give a fair view 
of the various steps b^^ which the human mind riches to the ideal 
in art. From rude strength we advance to an elegant sim- 
plicity, and thence, again, to richness of decoration; after which 
the course is generally downward; not, as has been before 
observed, in technic skill, but in all the grander attributes of 
art. Aa iabtmr becomes more skilled, we economise our materials; 
and we therefore find iu later periods of development less of 
originality, less of power, but more minuteness and elegance 
of finish. 

Again, we may, perhaps, find it useful to compare our con- 
ditiou with regard to architecture to that of Imperial Borne, after 
the long peace which iuaugu rated the reiffu of Augustus. To 
Rome all heathen art tended; from Rome all Christian art origi- 
nated. Not, indeed, that the Romans were artists,-^ uite the 
reverse; but, like a whirlpool in some mighty stream, Home 
appropriated to herself, made her owu, everything that came 
withiu lier reach. Etruscan in her origin, she has left more 
remains of the period when she was governed by kings than of 
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her conaular aod republican history, of which lattor we have not, 
[ 00 far aa I am aware, a single monument. But with the coDqueat 
of Carthage, the subjection of Greece aud E^ypt, and an exten- 
sive Oriental dominion, artistic wealth began to flow in npon her 
torn all quarters. The consequence waa a nuraber of baildingu 
■ ©f different and incongruous styles; remarkable rather for size and 
grandeur than for taste, and a masculine vigour of style. The 
same thing may be said of our modem capitals. Of the Emperor 
Augustus it was remarked, that having found Borne u city of 
brick, he left it a city of marble. The Emperor Napoleon, in 
like manner, having found Faria a city of streets, narrow, incon- 
Tenient, and dirty, hm made it a city of palaces, airy, commodious, 
and dean; but it is a general and true remark, that in doing all 
this he has not added to its character. It is dne, it is magaificent; 
but compare its interest with any genuine specimen of old work, 
and we shall be constrained to confess that magnificence often 
means monotony, and coatliness a sacritice of individual freedom. 
In London matters are little better; though they are better. If 
Paris, like Rome of old, is delivered to tlie tender tast^ of an 
emperor, London is beiug gradually given up to the lender mer- 
cies of the engineer. In all this we see tendencies towards a 
state of transition, from old and time-honoured styles, to some- 
thing new, something better, it may be, than the world has yet 
seen; but whether worse or better, it will probably be aomelhin;* 
wholly — or at least in its main features — novel. In the decline 
of imperixU Kome, we can hardly suppose that the Romans saw 
(it is a philosophical remark of Mr. Fergussou's) the result to 
which the amalgamation of various styles tlieu hi vogue waa 
tending, and yet they worked as distinctly to thai end as if the 
spirit of prophecy had guided them to a well-defined conception 
of the future. And the same thing is going on with the earth 
upon which we tread, with the langujige we utter, with the 
political iuatitutions under which we live. An insensible change* 
all the more etEcieut because almost imperceptible, atfects us all; 
and from old forms new forms are being continually evolved. 
Iiet it not be thought that, although this be an expansion of our 
subject, it is altogether alien to it. It is at periods when things 
I are changing — when one is forcibly reminded of the saying of 
f the Greek philosopher, that all things are, as it were, in a con- 
i Btant flux, — ^it is so important to recur to first principles; not to 
"waste our energy upon deLiila alone (though inv^'^luable iu their 
way), but to look to something broad and grand, c$urh as animated 
the architects of Mediaeval Europe or Classic Greece. In this, as 
in most of the problems which guide you in the noble practice 
of architecture, Nature may be at the least as great a help to 
you as any building framed by man. Do you wani to know 
how to support a superincumbent M^eight upon a slender and 
delicate shaft? Look at the mechanism of the wheat-stalk, in 
which you will see, in an undeveloped form, every principle 
which guided Stephenson in the formation of his iron tube across 
the Menai Strait, E»o you want to resist the outward thrust of 
some continual pressure I Look to the buttresses of the ever- 
lasting hills, and there learn that it is in the strength and sta- 
bility of the foundation, iu the thickness of the wall— how often, 
yet how foolishly neglected now-n-daya — that we can rely for a 
permanent and really substantial building. The lights and 
shadows of the landscape as they float across the plain, or betray 
by their undulating n:iture the forms of the superficies, are guides 
to us in showing how different may be the external effect of the 
same mass at various timea^ how form clmnge;^, how colour 
changes under the transient influence of light or shadow. 

I am the more anxious to make theae reniv'irks, beciuse I have 
lately heard from my friend, Mr* Scott, two admirable lectures 
on the various buildings open to the study of the young architect, 
both at home and abroad. He has shown them what advantages 
may bo derived from the study of old churches, old halls, old 
ornament, wherever found; how the work of those whom we call 
the "old men," mny serve in the solution of many a practical 
prtiblem. lie haa well advised this, as the best means of exciting 
and quickening powers of observation. 

I wuuM fain add, while you give full weight to the architects 
of this or that century, this or that era, do not forget the works 
of the Great Architect of the Universe. Deppud upon it, those 
old monks who raised such noble minsters hesitated not to see 
in the animal framework, or the floral decoration, the best possi- 
ble models, both for permanent alruoture and appropriate orna- 
ment. Among the merits of Mr. Ruskin as an interesting 
writer, this must ever be considered as one of the greatest Ho 
Las never looked upon his case as made out because it has been 



eatabliahed by thirteenth -century precedent, or any other pre- 
cedent, but has gone straight to nature for the confirmation of 
his views. Having observed her laws, and the works of art in 
which her beauties are skilfully portrayed, with no common 
genius, he has brought to the study of architecture a mind stored 
with more than the ordinary amount of information; and, 
although we may fairly differ from many of his " dogmatic" rules, 
we must admit him to have shown a spirit in the study of art 
both catholic and sincere; catholic iu the universality of its 
grasp, sincere in the truthful working out of any detail with 
which he may have charged himself. These few remarks, then, 
come to this, — that while admirinc the skill of modern architects 
iu all manner of detail, it is possible, by the over-study of these 
latter, to lose .^ight of that great principle of breadth which, 
whether we take it in form, or light and shadow, or colour, is a 
necessary, indeed the first, element in any great \?ork. Secondly, 
if the principle of breadth have any value, it ought to be specially 
brought out at a time when pretliuess and littleness are rather 
the cliamoteriatica of the day,^when we are more likely to pro- 
duce Dutch minuteness than Italian magnificence, private luxury 
rather than public splendour. 

I wish now to say a few w<»rds on art priociple^ in general, 
and especially with' regard to architecture. Art we presumed to 
bo under most of its aspects an imitation of nature. Now, nature 
proceeds by fixed laws. What, then are these? Uniformity of 
plan is the first great rule, or, as the poet beautifully says, " order 
is Heaven's first law " Sir Isaac Newton, in the " Principia,'' in 
a remarkable passage quoted by Professor Owen in his book on 
the "Nature of Limbs" remarks on what we may call the 
bilateral symmetry of nature. Two eyes, two ears, two handa^ 
two feet; each side of the body of animals corresponding exactly 
to the other. Such is the plan; and if we pursue onr inquicy 
into vegetable nature, each ^ower, each leaf when bisected, cut 
into equal parts, produces two parts essentioUy the same, and 
both perfect. Again, we have iu the various aegmenta of animnls 
an analogous uniformity. Thus we see the limb is in all its 
features the same, whether it be an arm or a leg, and botiniats 
tell us that a dower is but a highly developed leaf. Now, to 
carry this law into the arts, we see that symmetry, or what may 
be called uniformity of plan, is the first great law. If we bisect 
a Doric column, or a Doric temple, each aide of each part exactly 
answers to the other; and, in common language, the phrase that 
a thing is " lopsided/* or " all on one aide," is but another form 
of expressing our sense of its ugliness^^ — an ugliness arising from 
impei^ectiou, because the parts do not correspoud. 

Goi-rs handwriting is seen upon the .*5nrface of nature* if we 
want a test of what is true and beautiful in art, we must ask 
ourselves, is the handwriting the snme I This, I think, is the 
best and only sutficient test of the beautiful What, then, are 
the characters ? This uniformity or symmetry of plan is the 
first But underlying this principle, not opposed but rather in 
subtle and exquisite hurmony with it, is the law of infinite 
variety, an adaptation of nieana to ends as marvellous and 
beautiful as its correlalive law of symmetry. Bufibu, the great 
French natur-alist, has well remarked, ** It is only by comparing 
we can judge, and our knowledge turns entirely on the relations 
that things hear to those that resemble them, and to those that 
differ from them,*' and he adds, by way of illustration, " if there 
were no animals, the physical nature and structure of man would 
be far more iucomprehenaible than It is." May we not in like 
manner say that if we had had no nature we could have had no 
art; and tliat without going to nature it is iraposssible to under- 
stand the true principles of structure. What, then, is tliis law 
of perpetual and never-ending variation ? I will put it in a two- 
fold light, lat. The adaptation of nicins to ends, or what mmy 
be called creative ingenuity. 2nd. The principles of variety and 
contrast, aa being, per *ff, an element of beauty in the phystcal 
world, and, therefore, essential to the beauty of any work of sirt. 

On the first topic, the adaptation of mt-ans to enils, and the 
skill with which each part is made to play its due proportion or 
share in the wondrous whole, 1 know of no better ilhmlratiou 
than the skeletons of animak. U is here that the most iott-restiDg 
and beautiful evidence, of adaptation to ends, aa well as unity of 
plan, have been diaoovered. 

No study could, I am persuaded, be more useful to the archi- 
tect, as well a.s to the artist. The principle of the arch may b© 
said to be the leading idea of the bony framework. Oor skulls^ 
are arches; our feet are arches; our bodies form arches — for 
what are the ribs and concomitant veriebiDe but an arch ? Th« 
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ole spinftl marrow, as it descends frora the bmia to the pelvis, 
«?nciafteii in .a strong, compact arch^ to which the Bpinea of the 
ck act SL9 a powerful keyatone. Beit if the principle of the arch 
to be found in the body of every animal, we may discover 
ewiae that of the colamn. or vertical support. No aiiperfluous 
nat^rml h here wasted by the great Creator, The limb of the 
elephant is well proportioned to susLiin the enormous weight of 
hi« unwieldy yet majestic frame; while that of the camel or 
giraflfe is alender, elegant, and bony, just in proportion to the 
vapenncumbent mass th.it presses upon it. Ijook, too, at the 
ft?et of the camel and the elephant The foot of the elephant, like 
the instep of the hummi being, is arched iu its stmcture, calcu- 
lated to support weight. The foot of the camel is not arched at 
all, but flatly, horizontally, spread out, with soft, large cushions 
Mi ite aides, to prevent the animal sinking into the sand of tlie 
lert. Bat Nature is as thrifty an architect in the choi;je of her 
terialaas in the forma in which she disposes them* I select 
the following passages from a work of Owen: — "The bones of 
fishes are apongy in the interior; and where ossification tjikcB 
place it ia restricted to the surface of the primary gristly mould. 
The bonea of the turtles and sloths are solid; but in the active 
land quadrupeds the shaft of the long bones of the limba is hollow, 
the first-formed osseous subatance being absorbed as new bone is 
beiog deposited from without. The strength and lightness of the 
limb-bones are thus increased, after the well-known princip>le of 
Galileo, exhibited by means of a straw picked up from bis 
prieon-floor, to answer a charge of atheism brought against bim 
Dj the In<|uisition, The bones cf birds, especially those of 
powerful flight, are remarkable for their lightness. The osseous 
ttssae is, in fact, more compact than in other animals ; but its 
quantity in any given bone is much less, the most admirable 
economy being traceable throughout the strnctnre of the bird in 
the advantageous arrangement of the weighty materials," Then, 
after illustrating this by showing how heated air permeates the 
bones of the bird, he concludes— "The bones of birds are filled 
with rarefied air. Their extremities present a light, open net- 
work of slender colnmns shooting across Irom wall to wall, these 
little columns being likewise hollow," 

Every book that is written on natural history gives us some- 
thing of the same kind. Now I hear, as it were, the word 
^Question, question," mentally uttered by my auditors, as if 
SQch arguments were foreign to my lecture. I must excuse 
myself by saying that, .is Nature does everything with a clear 
and definite purfjnse, or final cause, the architect ought to do the 
same ; and that the veget'ible world as well as the animal kingdom 
cflftr most excellent suhjects for the study of the young architect, 
*-«objecta hardly seconrlary, if at all so, to the study of the 
works of man, the temples of Greece, or the MeJimval catlietlral. 
I The principle of the hollow column, which I alluded to in the 
k^rHer piirt of my lecture, though well known to the engineer, 
^Br^ seldom been brought into use by the architect. Mr, Butter- 
I ifildg iodeed, has used it in the Church of St. Alban, where the 
I teotmtive columns are of hollow pottevy, not unlike draining 
tilei. The effect is pleasing. I observe, too, that Mr. Barry has 
used the same contrivance Tor ornamenting the corners of some 
schools in Holborn, and has adapted these hollow tiles to convey 
water from the roofs of the buildings. But it is when we come 
to the higher region of the air (like the bii*d) that we may 
naturally expect to see bird-structure, if I may coin a word, 
imit.*kted. What is the spire itself but a hollow tube 1 and it is 
in the building of spires that holbw tubes, .as I conceive, might 
very effectually be introduced, as being good examples of a com- 
bination of lightness with strength, and enabling us to get what 
we RB English builders are very defective in,^I mean altitude of 
propartlou. This quality is necessary to grandeur, particularly 
IQ the Gothic style, and in edifices dedicated to the glory of 
God. 

It is then in that variation which admits of the special adap- 

II of each fonn to the purposes for which it was designed, 

e see the wisdom of nature, or, in other words, the wiiidom 

ni I M>h Why should not the same law guide us in our buildings, 

I Pogitt has well defined architectural propriety to be, that the 

^f^jcternaj and internal appearance of an edifice should be illastra- 

HMve of, and in accordance with, the purpose for which it was 

^designed. The animal, the tree, or the flower, each has its own 

character. So should the building desiened for God*3 glory, the 

collegiate establishment, the town-hall, the mansion, or the 

cottage. I need not point out how contrary to this wholesome 

gple is the idea of having a church like a Greek temple, with 



a Boric colonnade, a collegiate establiabment like a large hotel, a 
town-hall like a theatre; a genlleman^s house like a barrack, or 
little better, a Gothic abbey j or an entrance lodge decorated with 
an Egyptian Sphinx, There is a place in Nature for everything, 
and everything should be iu its place* 

Nor is this rule less applicable to small than to great things. 
It gives true simplicity and breadth of character, and cuts off 
useless ornamentation. It is allied to the equally important 
principle that ornament should never be introduced for its own 
sake, or as we may express it, for " mere &how*off,^* but should be 
confined to the decoration of construction. We never see any- 
thing in nature overcrowdeti Everything is subservient to some 
pu rpose, and beauty is superadded. How different is this from the 
faulty decoration of the upholsterer, who determiTies to do the 
thing in the Gothic, the Greek, the Italian style, or in what may 
be calletl a skilful medley of the worst features of all these, the 
upholsterer's style : crocketa and finials project from every 
corner ; here the claw of a beast, there the heak of a griflSn ; 
here a sideboard supported by a mahogany eagle, there a serpent 
twisting gracefully round the table's leg, Where, I ask, are 
simplicity and breadth in these things J Truly did Mr. Pugin 
remark, that a gentleman con id hariUy walk through a draw- 
ing-room fitted up Jn this style without danger either to the 
furniture or to his own clothes. 

Mr. Pugin remarks, ** Notwithstanding the palpable imprac- 
ticiibility of adapting the Greek temples to our climate, habits, 
and religion, we see post-ofSce, theatre, church, bath, reading- 
room, hotel, Methodist chapel, and turnpike-gate, all present 
the eternal sameness of a Greek temple outraged iu all its pro- 
portions." 

A few words may be added on variety, not merely considered 
with a view to the various purposes for which buildings are 
designed, but as in itself a principle of beauty, and a main source 
of the picturesque. Inequality of forms and quantities is necessary 
to make up an agreeable building or picture. It hiis, I think, 
been remarked with great truth, that the effect of the oppo- 
sition of lines and t!ie force of contrast is more noticeable tn a 
work of art than in nature ; for in the former the various 
objects strike upon the retina at ouce, in the latter they are 
dispersed over the landscape. A defect may be observed iu a 
photograph, which would not strike the most delicate or critical 
eye in nature. To show what I mean, I have taken the trouble 
to draw out, ns a diagram, the band of a man and the hand 
of a monkey. Teleologically, that is, with the view of studying 
the purpose for which ench is framed, they are equally well 
adapted; but in point of variety of form, observe, T beg, in the 
human hand, with what delicacy and variety the length of fingers 
is gradated; how much more subtle the difference is in the size 
of the finger joints, and how this infinite variety of size contri- 
butes to beauty. The same may be said of the graceful and 
swelling curves which bound the outliue of the form of man. 

I will, just for example*8 sake, give another illu»tratioa, from 
the tloral kingdom — a rose and a convolvolus. The forms are 
equally lovely, yet both dissimilfir; and if we examine the parts 
with care, we find no two leaves, no two petals, no two parts 
of any description, like their fellows. The flowing curves of 
the floral kiugdom m.ay be a study more congenial to the 
painter or theseulptor than to the architect, who deals in general 
with stiff and unyielding materials, In the midst, however, of 
the^e lovely curves, within the calyx, and often round the 
corona of the flower, there are exquisitely symmetrical forms, 
— hexagons, pentagons, octagons, — every conceivable geometrical 
form wliieh,ia the composition for instance of decorated windows, 
would be most serviceable if* the architect. From their illumi- 
nated manuscripts, from their being great farmera, &c,, we may 
well believe that the monks of the Middle Ages not only studied 
bot^iuy, but adapted it to their building purposes; and if we 
may trust the analogies of language, one beautiful feature in 
our Gothic cathedrals is the fruit of this research. I allude 
to the lose window. 

I exhibit as an illustration of the same principle two houses 
of the commonest street type; No. 1, entirely unornamented; 
the second such as seen in a better kind of street, with at least 
a show of taste upon it. Why is one superior to the other t 
Both are equally symmetrical; but in No. 2, superadded to the 
symmetry, there is a show of variety, — of variety in the forms, 
and variety in the quantities. J should be glad if any one 
could point out any other difference to account for the extremely 
diierent effect of the tw^Jesigns upon the eye. ~' 
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fsjtaujplo I exhibit is from Welford Church, Berkshire. These 
elevatiotia ai^ takea from a print, and are both Bomewhat 
motlified/ lu No. 1, the height of the tower and spire exAotly 
coincides; id No. 2 it is different. Beferring, iu the oext pluoe, 
to Ibe seg^mentJi of the tower, we find thera in No. 1 preciaelj 
cfjual; in No. 2, quite unequal The uneducated, eveo, would, 
I imagine, see that No. 1 ia superior in all respects to No. 2. 
Nor cau I assign any reason for this superiority, unless it be 
the application of that law of variety which, as I apprehend, 
arises originally from the necessity of resorting to various means 
for various ends, as the teeth of the caruivora are for one 
purpose, those of tberodentia for another; but which becomes, 
secondarily, a principle or law of Ijeauty, independently of any 

1)urpose which the Autiior of nature may have had in view. 
' exhibit a drawing of an arch in Canterbury Precincts. The 
point here is the exquitsite niauner in whicli vegetation accomo- 
dates itself t<:> bnlldiuga. Architects are hardly auflciently alive 
to this point A grass lawn, such as England^ and England 
alone, can boast, is the most beauUfol platform from which any 
bnildiug can spring. Trees, shruba, and ivy — even dangerous 
ivy-^have their boaoty, and ave valuable ailjuncts to architecture. 
1 would now, before concluding, call your attention to the 
iliagram above my headj in which I have ventured to propound 
my general views on the subject of the arts and ai*chitecture par- 
ticularly. You will obaervi', it is divided into three beails — 
form, height, and shadow and colour ; or wc nia^' call them 
outline, aubatance^ ami colour, for light and shadow are the 
uieains of giving rnunded form. 

Under the head of *^Form/* you will observe that I have 
taken the Doric temple as the example of symuietry, and the 
Gothic cathedral as that of variety in tbrm. They are perh?»f>s 
as good as any we might chance to hit upon. I would observe, 
howeveri that tlie symmetry of the Doric column is diveraitied 
by an almost infinite variety, and that the variety of the Gothic 
minster is modi tied by a large share of symmetry. Perhap** it 
would be fair lo assert, that in Gothic art the principle of exact 
correspondenee of parts is changed for that of a general bjdance 
between *' the two sides, so to say, of the picture." This ib well 
exemplified by the jiosition of the central tower in Canterbury 
and other cathedrals. To the east we always have the most 
interesting part of the building. Here, owing to its sacredness, 
the largest amouftt of deconUion is always to be found, both 
externally and internally. Deep .shadowti throw out the sur- 
rounding chapels, and were terminated In a **chevet," tbin 
portion of the edifice is generally full of interest To haluuce 
this mass of decoration, we have the great length and quiet 
f^tateliness of the nave; yet even these fail lo give ttn-ir due 
share of importance to the western i^iarta of the building, fur 
tiie typical completeness of which two western loweit* are an 
absolute necessity. I offer my humble adhesion to Mr. Fergus- 
son^s view, who calls Lichfiehl, with its centr.il and two western 
spires, though small in size, a thoroughly artistic group. Canter- 
burj% of whidi I'exhibit a lithograph, only moderately well done, 
ia a g<xKi deal lou long. 

If wo recognise in any raeasnre the truth of the principles 
devtdnpud in this lecture, we shall in some degree, at least, 
unilerptand why wc are greater ami yet less, less and yet greater, 
than uur ancentorH, As lias been moat eloquently remarked by 
tlic De;in of Westminster, '' We canuot dispense \nth the mighty 
past, even wht^n we have shot far beyond it*" Thoae who follow 
ruunot l>e iu tlmse who went before. Mediaeval days, with their 
exalted faith, their noble chivulry, their rude violetice, have 
l^oue, and Ci^nuot return; yt^t they have left a Icgju-y of endur- 
ing value. Their castles, cathedrals, and abbeys come down lo 
our days, and preach to us in stones the best of sermons. 
Truly it may be »mid of thoae grand old uionki diat they 
laboured, and wc have entered into their labour^?. The ootn- ' 
jkainsou instituted by the eioquent writer alluded to, between 
Elijah and EUsha, in not iuappofiite. The rude vigour of pri- 
mitive times giive way in the latter u> winning arts and healing 
aft», and gentle words of ttoehd and peaceful iniercoui'se." The 
iti'eam nu lunger bounds from rock to rock, but flows on in 
tam« fipldn, — in a channel, if less ruggedly beautiful, wider, 
itnd perhapa more beneficent. It in the same with regnrd tt* 
(he arts. Our great works ai^ few. Be it so; but do not 
these very great and inagniticent buihlingri of former «ges tell 
another tale, viz, of Inbour unri^muneraterl ; of large popula- 
tions preyed down by serfdom; 0| education little spread j of 
x^ii£? order, and one order aloucj that of the clergy, absorbing 



in itself, not merely all that was spiritually good and greftt 
bat even all that cornea under the term of temporal prosparitjl 
Let us hope, then, that the work of architecture, if carried on 
by men ol inferior genius to thoae who decorated the Parthenon, 
or miaed to the skies our noble minsters, may be practised lo 
a spirit certainly of wider usefulness, and with aims not less 
beneficent. 



IJ^STITUTION OF CIYIL ENGINEERS, 

April 24rA.— The first P^per read WMa *' On the Ptrforman^, Wtttr^ 
and CqH of MaintcAmnet o/ IMling Siocl.*' By T. A. BocrauuaKK, 1 
Assoc. Inst. C.E. 

This cNiryi * i related to the statistics of three Proufiian 

wayd— the • ridtin, the Bcrgij^b M:U3rkJ>ili, and the UUeimb- 

the gcaaral iui.^«.i. „.*u*^ce of which were itatcd to be aomewhat 
The tables embraced the particular of the engine*, aad of the carriagcj 
and waggouii, with the expcitse of repaim and renewala, the work cf 
by the engineR in 1864, the co«t of motiire power, the repsura 
reaewalft of engine-tyres, and the oommorciai reaulta, Ala*j the exp 
rieuca of the wear of tjres oa the Cologne- Mindun fUulway for i 
twenty years from 1845 to 1864 inclusive, eiabraclng the reeulta * 
obfiiLrv&tioaB upon about twenty-five tht>UJiaiid tyres, of difEcrect mal 
[md of difienmt materials. 

It was Bt&ted that^ on the Prussian railways, the iron-spoke wh< 
were gnidually replaced by dkc wheek, which at first were of wtyad^ 1 
Utterly they were entirely of iron. The first form of iron disc, udayU 
in 1S48, was tliAt of a bulged star; a v>Tou|j^ht<imD pl^te^ fljuaged to 1 
the fieriphery uf the whe^l, woa indented mth ^ve trionguLar bulget froH 
tilts boss, which WAS CAflt un the plate farming the diflc. This wh© '*"""' 
pmved to be very dufable, but it was mnsy, and, the boas 
incbca in diameter, the structure was bt'avy. It, however, sup 
the tyre evenly luid weU| and reference waa made to a pair < 
whwdlfl with iron tyres, which had run 116,000 naika without n . 
turning, and l>eijjg still 1| inch thick, it was thought they would hijst x 
tci 25U,0U0 miles. In 1802, a dished wrought-iron disc wheel was ifJ^'J 
ducfxl^ the manufacture of which was both cheap and eJEpeditioti«u *" 
the fine grain iron necassxcy to insure a sound flanging for the p^*' 
ol the wheel madt: it Um rigid. Attention was then directed \^ 
means of obtuning elasticity both in the form of tho disc aad in l)i6 
material used. Acctmliagly fibrooa iron waa employed, and the fbt, or 
dUbetl disc, was corrugated, the periphery being fomi*?d by a rim of fiue^ 
grain angle-iron, rivetied to the diac plate. 8ub9e<|uently the disc aotlL 
the rim were welded t<»gether^ and al>nut the sauitr time the Bochttom. 
Cumpaay introduced eteol casting?*, in the comigatorl form, of oo mbin eiM . 
disc ami tyre. In the impn^ved fonn of the comigatcd #ft>ught4p 
disc, brought out in 1S<31> the iron used wa« highly fibrous. Sever 
«labs were forg«d to the shape of a double cartlinrd's hat. This li]» 
waa rehtfftted twice, and by frvquent and quiclf rolling waa en 
about 3 feet in diameter. The rim Wft« welded oa under t 
hammer, which at the same time punched the hokt in the bo*i 
axle, aud gave the form of the wave t<» the diisc plate. After 
np the rim, the tyre wsw shrunk on and bolted. Sinoe 18*54, th 
whether of steel or of iron, had been welded on tn the disc wheel 
hydraulic press'ire. lu ilm form, it was believed, the disc wheel off 
tlic greatest amount of strength: the fibrous iron gave eksticity, the ty 
was supported in every part, there were no joints, holts, or nvctsl 
wear loo^e, and after th? tyre had been worn out, it was simply nocessafyl 
to turn it down tt> tht? thickness of an ordinary wheel rim, an*! Ur shrink 
on aijotber t^Te. It was asserted that, with steel tyres, these wW-ii* . 
Would run fn>in 000, UOi; t<j 600,000 miles befiire re<piiring a tiew l*rp;J 
and thiit hy grijuUog the tyrei* instead of turning them their life woiiW j 
be prolonged from 50,0U0 to 60,000 miles. 
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The sec<ind Paper read was '* (hi the JiauhA of a iter lei of fMm^tinti 
on the Flow of Water off the Ground, in the Waodhvim dUfrU:r nttr 
tMrriekfer^/u*, Ireland ; with a*:otirately recorded n^ugviugc f 
the ^ame locality, for a^ period of twelve months ending 30th J ^ 
Ity RoBRKT MaxxNTNG, M. Jmt. C.E. 

It was stated that the surface of the ground waa chiefly wimposetl i 
Inire nmuntiiin pasture and grazing land, the surface p»ck being alimi 
entirely tabular trap, overlying the chalk, with her© and there patches fit J 
groen sand. Three rain gauges were placed at the respective devationi 
of 300 feet, 750 feet, and BOO feet above the level of the sea; and tw« 
stream gauges were erected, one on the southern branch of the river,! 
which received the drainage of *2076 acres, and tho other oa the* northern 
branch 1329 acres. The stream gauges were rectangular n^it^^'hes with 
slmr)> edges, such as were used by Mr. Francis, at I-owe!L. and tJhe 
formula for calculating the discharge was that deduced fpuu those woll- 
Ipiown experiments. The observations were nearly eight hundred ill 
numlcr, and were r*?eorded in an A]ipendix. From a ■nminsu'y of tlbt 
results it t^ppearcd that the rainfall for the year waa 35 SC? incF 
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18 pep oeiit. Above th&t of Belfast. For the six months from 
Novenbtf to Maj tbe rain was 14*7()f! incIiGg, producing a fluw of 
'"'351 iDcbes, wliHe from May to No vernier tlie«iie L]uatititi&s were 
101 inches and 7 357 inches. The minimum flow ofl' 1000 acreu 
in August, and amounted t*j 11 cubic feet per tniuute; the 
tpuxinium, in September, to 3180 cuhic feet per miuute; jmd the mean 
monihlj flow waa at its minimum in Juljf and was 2U cubic feet per 
mmate. 

The paiticalarB of one year'a rain hanng been thus aecertalnedj it waa 
aBQmed that the rainfall on the CarrickferguE mountains bore a constant 
ntio to that at Queen*a College, Belfast, where a daHy regiBter bad been 
kept for fourteen yeaxi, and that it wae the gniater by 16 per cent. The 
retaltA then arrived at were, that the maximum rainfall in 1852 was 
47TI inches, the mean for the fourteen yearn 1851-64 was 38 42 inches, 
the avomge of the three dry years 1S55-6-7 waa 32'7«5 inches, and the 
mmimum in 1855 was 2S*B inches. 

The question then remained, how much of this rainfall was avajbUe 
for water supply. Twenty or thirty years ago, tho evaporation was 
taken as proportional to the rainfall, and was variously estimated at one- 
lixth, one-thini, and two thirds of the mean annual rain, aooording to 
cbcumatanoefl. Now the balance of opinion eeemed to be, that the 
movmi of evaporation was not proportional to the rainfall; that it wait 
either constant, or within narrow lunits, where there was an identity or 
similarity in the physical features of the districts compared; that it 
varied under different drcumBtances in this kingdom &om 9 inches to 
19 Ino^; and that its amount in any particular caae must be left to the 
— — ^-ncse and judgment of the eng^ineer. 

author calculated that the loss, or the difference between the 
aod the supply, which was the restiltant fact of greatest impor- 
to the engineer, varied in the Woodbum district from 1 1 '79 inches 
lfi'16 inches, the mean annual loas l^eing 13"71 inchee. The supply 
iged from 14*57 inch<^ to 35 "37 inches, the mean annual supply being 
"71 inches. The years of maximum and minimum supply were also 
e years of maximum and minimum winter rain. In ilm years 1856 
iod 1S57 in which tbe rainfall only differed by (I 41 inch, the difference 
in ^e loss was 3 "2 2 inches, arisiriir from the fact of there bLiog a winter 
' " of 16*06 inches in the former, and of 22 03 itiches in the latter 
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The particul&rB were then given of the storage required for all quan- 
I from the mean annual supply down to that of the minimum year, 
which it appeared that to store the whole rain yielded by the 
roodbom district, 24' 71 inches, a reservoir capable of containing 431 
daya' supply would be necessary; for the average of the three dry yeare, 
18'2S inches, 132 days' would be re<|uired; while fiir the minimum, 
H'57 inches, 119 days' would lie sufficient. Diagrams were added 
showing the storage worked out for each month of the fourteen years, 
and for quantities of 24*7*i inches, 20 inches, and IS inches, and showing 
the state of the ret^ervoir for a supply of 24 inches for eleven years, and 
20 inches for tbe three dry years. It was remarked that, although the 
water in store attained its minimum in different years, that minimum 
"r*"""'*^''" occurred in the month of October; and that, as regarded tbe 
supply of water from the district under conaideration, it 
^•c prudent to attempt to store a greater quantity of rain thui 
uut 10 per cent, over the average supply of the three dry years, pro- 
led the extent of the gathering grounds could be increased. 
The question of water power was then inciflentally aOutied to; and it 
WM remarked that in dealing with UHeleBs and injurious floods, and in 
providing a town supply, care should be taken not to induce the destruc- 
tion, by instalmeny, of the whole water power of the counb-y„ and 
Ijurioiisly to interfere with the natural re4^me of rivers. The propor- 
Bu of the moan annual flow of both branches of the Woodbum Kiver, 
om a rain basin of 4750 acres, applicable to the supply of Woodlawn 
QUii was then determined, and the calculations and results were given 
i dfifcaiL The tables showed, that of the total flow off the ground, 
171 inches, there waa lost on Sundays and by floods r2'22 inches, 
leaving 9 '49 inches, or nearly 44 per cent,, available for thif supply of 
Ibe wheel, which waa equivalent to 1 SI 4 days full work durinsr the year, 
'1*73 times the mesji dow of the stream. If the capacity of the wheel 
ere reduced to 1'5 of the flow, it would work for 213 days, if to 1*25 
f the flow for 218 days, and if just equal to the flow, it would work 
43 dayii. 




Jfay 8.— The paper read was ** On the Wt^r Supply of the Citif of 

arw," By G, R. Burnkll. M. Inst. C. E. 

This communication was principally confined to the methods ailopted 

r aeouring tbe quantity of water required, and for its distribution and 
ry; and was founded u^Hin informatitm obtained from M. Belgrand, 

9 eogilieer-in -chief, us well as from numerous official documents. 

£l ippeftred that when this subject was tirst seriously enktrtained by 
M QttmiBipaljty of the enlarged city, in the year ISGO, the population 
of Paris amounted to upwarfds of 1,600,000, and the quantity of water 
available from various sources was only 32,563,028 g&Uons per day, or 
rather more than 20 gallons per heMl per diem; but a large portion of 
this was used for municipal purposes, and nearly the whole of it was 
«bjectiooAble in qoality. A careful study of the Paris basin, with a 



view to ascertain its capacity for furnishing a water supply, as dependent 
upon the geological conditions of the district and upon its meteorology, 
that had been carried on since the year 1844, showed that the baein of 
the 8eiiie was formed of a part of me granite eruption of the Morvan, 
succeeded by the Jurassic deposits, without tbe intervention of the old 
and new red sandstones, or any trace of the carboniferous formation; 
the Jurassic deposits being in their turn followed by the cretaceous 
formations, and the whole being covered with the tertiary strata around 
Paris itself. It was remarked that French engineers and chemiati 
attached great importance to the presence of the bi-carbonate of lime in 
water for drinking porposee; and that they held that a proportion of that 
salt, about sufllcieot to produce 16* of Dr. Clark's scale of hardness^ was 
po^tively beneflciaL Accordingly, in selecting the source, M. Belgrand 
gave the preference to the waters that filtered through the c^dcareous 
fortnations that outcropped around the granite. The waters of the Dhuis 
and of the Burmellin were brought to Paris, from the plains of CTham- 
pagne, by an aqueduct, along wtucb they flowed by gravitation, reaching 
the city at a somewhat higher level than had been calculated upon. 
The authorities had also purchased the right to take a considerable 
quantity of water from the river Mame, at St, Maur, above its junction 
with the Seine ; while the waters of the Somme Soude had been at 
present passed over, and were left for the future extension of the works. 

The springs of the Dhuis had yielded, in the driest season of the last 
twenty-one years, 6,698,400 gallons per day, and those of tlie Sunnellin 
from 450,000 to 070,000 gallons per day. It was however believed 
that, by a series of operations connected with the drainage of the head 
lands surrouiitling these springs, the quantity from both these source 
might be increased to y,000,0(fU gallons per day, oven during periods of 
prolongetl drtmght. These streams after being united were leil to Paris, 
in an aqueduct of masonry, that was never less than 4 ft. tt in. high, and 
WAS at times increased to 5 feet. It was carried on arches in those 
positions where the depression of the valleys did not exceed 33 feet, and 
where greater, a cast-iron syphon, 3 ft. 4 in. or 3 ft. 8 in, internal diameter, 
was substituted. The section of the ac|ueduct was in general o^^oidal^ 
but in places the sides had a curvilinear batter, according to the nature 
of the strata traversed. Its inclination was as a rule ^mW, but that of 
the syphons was -^jj^ in order to acci^lerate the discharge throu^ 
them. It was calculated to deliver 9,810,470 gallons per day, when 
running to within 1 fwt of the crown of the arch, into the reservoim 
lately built at Menilmontant, at a height of 301 feet above the level of 
the Seine. The materials employed in the execution uf tbe masonry 
were ** pi^-re meuliere" set in the cement of Yassy; the whole of the 
interior and of the outside of the ardtios being ** renderc<I,'^ to avoid 
interference with the flow from the rougbness of the surface, and to 
prevent the infiltration of 'the land waters. 

The quantity of water obtained from the river Mame, at St. Maur, 
was about 9,000,000 gallons per day, when all the water wheels were at 
work. This was pump<?d into a seo<:>nd story of the reservoir of Menil- 
montant, at a height of 287 ft. 7 in. above the ^ine. This water was 
tolerably pure and limpid, but it was rather hard, containing a cfinsi- 
derable proportion of bicarbonate of lime, in conjunction with a sensible 
quantity of the carbonate of magnesia. 

From tbe several sources which had been described, it was beheved 
that a supply of 15 million gallons per day would be obtained in the 
course of this year, or, together with the eiriating supply, a totiU of 
upwards of 47 million gallons per day for a population of 1,667,341. 

On the left bank of the Seine there had recently lieen purchased a 
series of springs rising from the clialk fonnatioD, at Armentieres, in the 
valley of the Vanne, and their volume wotdd bo increased by the springs 
of Chigy, St. Philbert, Malhortie, Theil, Noe, &c. These waters would 
be led to Paris by an aqueduct 104 miles in length, and it was calculated 
that the quantity that would be ao delivered would be equal to 22,323,000 
gallons per day. When all t!ie works for improving the water supply 
were completed, including the supply derived from the Mame, the Canal 
de rOurc and its incretiat:, the Arte<«ian wcUa about to be sunk in various 
parts of the city, Slc, it was estimated that there would-be a gross total 
of 1 05,38^, IdO gallons per day, a quantity more than ample for a much 
larffcr population than that of Paris was likely to become. But it must 
be borne iii mind that the waters of the Canal de TOurc woidd stUl 
constitute more than one-half of the whole quantity, and as tiiis canal 
was navigable it was exposed to varioui sources of impurity. In future 
two sets of pipes were to be established; one to supply spring water 
from the Dhuis, the Marae, and the Vanne, the other to supply the 
waters of the Ourc and the Seine for the services of the street washing, 
for tbe monumental fountains, and for other purposes of municipality. 
The water now taken from the Seine was distributed with all the impu- 
rities it might contract during either seasons of flood or of drought. An 
inconsiderable quanti^ was filtered, in the interior of the town, at the 
"fontaines marchandes,'* hot the revenue derived frt^m this was equal 
to abfjut one« seventh of the total sum received for the sale of water in 
the course of hist year. 

Fourteen reservoirs wore at present in use, of which four wore reserved 
for the waters of the Ourc, nine for those of the Seine, and one for those 
of the aqueduct of Arceuil. Of these the last, and two which now distri- 
buted the waters of the Seine, were to bo abandoned on the completioii 
of the new works. The reservoirs at Menilmontont and at the telegraph 
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of BelleviUe^ lately constructed, were intended to receive the waterB of 
the Dhuia and of Ibe M&me; and they were caicul^ted to oontatin 
tagether, in the two atories of arches of which they were coiupo«ed| 
aligut 294 million lU'iilloni^, Ihe cuUcal oontents of the exiBtiiig leBer- 
voire, without iDcIudin^ that of the fiuuxi de hk Vil^te, at the extremity 
of tho Canal do TOurc, amounted to nearly 23 million gallons. A do- 
icription was then given of the reservoirs of Poaaey aarl I^Ienilmontant ; 
And with regard to ihn former it waa remarked, that all the skill and atten- 
tion of the French ei^oeeni bad been employed in vain, in the attempt to 
prevent the action of atmospheric causes upon the masonry, which hatl 
[^en scrions grounds for uneasinefts, owing to tho cfintraction and expan- 
sion of the masonry. It might he that the perfection of the setting of 
ihe cement upon the masonry had somethmg to do with this effect, for 
it could not yield, like an elaatic subftance, such aa mortar of the pro- 
per quality of hydraulic lime. In the construction of the reservoir at 
MenUmontant, the surface of the excavation ui the g3rp8eoua mark, 
which were bard when origiDaUy cut, but which yielded under the 
influenoe of the atmosphere, had been " rendered '' with a coating of 
plaster of Paris 1} inch or 2 inches in thickness. This had been found 
to be an efficient temporary protection from disintegration under the 
effects of rain and of frosts. 

The appUances for securing the effectual distribution of the water 
brought into Paris, and the quantities requipe*i for the different servioes* 
were then detailed ; and it was stated that the authorities undertook to 
deliver, when all the worki were oompleteil, gnituit«»ualy ten the oltizena a 
total quantity of 54 milhon gJiJiona per day. The execution of the 
works required for the distribution of the water to private hou»e« and 
^ketones has been undertaken by a company, under an as^ement with 
the town, for fifty years, during which time it was to collect the water 
rates, and at the expiration of that period, the whole of the estate waa 
to become the property of the city. The profit arising from the 
execution of these works, at a fixed schedule of prices, and a sum agreed 
upon as a remuneration for the risk and trouble undertaken by the 
*"ompany^ were the first charges upon the revenue, and the excess 
l>eynnd these amounte was shared in the proportion of 75 per cent* to the 
town and 25 per cent, to tho company. In this way it had been esti- 
mated, by M. Belgraud, that during the year 18fl3, 17 tniUion gallons of 
water had been delivered. The receipts fnr the pri%'ate supply in 18 64 
WSOUDted to 3,822,760 francs from 23,074 aubscribura, a numW which, 
it was calculated^ would be increased by 2000 in twelve montlia. Con- 
ddering that there were upwards of ^hy thousand houses in Faria, tliis 
might be cited as a proof, if such were wanting, of Hio had effects that 
must always attend the gratuitous supply of water upon the habitfi of 
daily life of the citizens. It might be added^ that the price chargt*d to 
the water-carriers at the filtering fountains was ninepence for 280 gal- 
lons, and this quantity was retallerl for four shillings. This increase in 
the price was one of the principal reasons brought forward to justify the 
irreat outlay incurred in leading to Paris the spring water from the 
Dfams and tlie Vanne. 

In conchision, the author thought, upon a review of aU the conditions 
of the Paris water supplvi tlmt it must be regarded as a commercial 
failni^ ; for while the town paid 2^060,000 francs for salaries and repair^!, 
it derived only 4,750,(100 franca from every source of revcnuo, including 
interest and sinking fund. It might, however, fairly admit of doubt, 
whether tho system had been a failure, if considered aa a meaus of 
meeting the wants of the inhabitants, who were themselves too pxir to 
pay the rates that would be required to defray the expense of conducting 
the water to their houses. But the system was believed to he wrong, 
inasmuch as it entailed upon the city a heavy burrlen for the water 
supply, which no one had a direct interest in checking, bccaoae it was 
paid for out of the town dues, instead of being made a separate cluu^^e 
upon the funds of tho city. 



COMPETITIpNS, THETR PRESENT BEABING ON THE 

ARCHITECTURAL PROFESSION AND THE PUBLIC, 

AND WHAT THEY SHOULD BE* 

By John IjAntok. 

In treating of thi? present anbject I feel I atn treading on what 

some people would call daogerousi ground; and, therefore, ere I 

begin I ujust bi>g of all those whom I address, na well as of those 

who may io any way come across ihia paper, to believe rae to be 

perfectly aiuctre when I sny I nra in uo wuynctnated l>y personal 

or petty niotivea, nud in penning the following lines individual 

prejudice* and spite are raWtit frnin my thoughts. The matter I 

would wis^h to deal wilh is one io which T feel our profc.'ii^iou as 

a body requires and dernnnda reform, niul it 13 on thia bro.*d kisia 

that I propose to take it np^ in hopes tfiat I may flraw from t!us 

Tnatiiote au expreasioo of opinion, fidlowed by action so united 

Jiud decided as may show to the public at large and the profession 

* PapST read at iha Eotral lastltttte ciT AreMtec's of Irelsjut 



elsewhere, that, though Irtahmen, we can do sotnethiug to 
grapple with, what we believe to bo an evil, even though that 
evil be great, and have a strong hold upon the public. 

To begin a paper on sucjh a subject aa the present one, I ahouJdy 
perhaps, firat treat, of " Competitions " as a whole, and then 

Froceed to deal with the proa and eons incident to my subject ; but 
should be only wasting time and insulting your common aenae 
if I wci^e to linger over mere definitions. I accordingly paaa on to 
the proa and cona. I beg of you to remember that I treat of 
competitions aa they are, nnd what they shotilJ be, according to 
my own ideas of the subject only, and I throw out my remarks to 
provoke discussion, and leave the Terification of them in yonr 
hands. Competition, I cannot but think, as it is at present, is a 
ja^reat and grievous ailment under which we suffer — not quite ao 
bad in it^ way as the rinderpest, whioh knows no anodyne, for I 
sincerely believe the cure of our disease lies in our own hands ; 
so I must beg of you to be more than patient, with me while I 
urge on you the great magnitude of the queation. 

The great points in favour of competition, so far as I haT6 
been able to glean them, are — the benefit to be derived by the 
young or unknown architect in the field open to all, and the 
necesaity that this gives for the elder and recognised practitioner 
to keep himself up to the mark, and even with the tinjcsj and 
there can be no question but that these two points are most 
essential, and would be productive of the greatest benefit to the 
profession and public, if competitioos were but fairly and honestly 
carried out. You may observe that I invariably class the pro- 
fession and the public together, and I do so advisedly, for I 
cannot but feel that the interests of one and both are identical, 
so far AS they relate to matters of competition. 

The pros thus easily ami qnickly disposed of— for T think we 
muat all acknowledge the truth of them in abstract principle, and 
there is no use in wasting time over detaila^ — you must permit J 
me to deal with the cons in my own way. I accordingly begin 
by asserting — and that very uuheaitatingly — that the system oi 
competition as it at present exists, in every way you look at it, J 
ia practically in opposition to all the argumeuta in its favouril 
What system, I ask, could contain more abuses or hide a more J 
iniquitous trade in underhand dealing and jobbijig 1 You must 
understand mo that I am speaking 0? the system generally, auj 
have not in my mind any thought of individual competitions 
compelitora, or judges. On this last word ** judges'* I pauses, 
for I feel that under this head will be found the moat vital of chfl 
ills that competition is heir to. 

As profeasioual men, are we not led to believe — nay, (a it not 
forced on us — that it is our duty to lead the public mind on 
such points as these, what are true principles in art ? what h 
in true taste, nnd what is not /—else, where is the use of 
our expensive special education, of our lives given to the atndy 
of the adaptabilities of all arts, of truth and fltabllity in archi- 
tectural art? I ask yon, do we do ao under the present 
system of competition f and I know your answer must be, "we 
cannot;** and wherefore I — because naturally it ia success ortr 
our fellowa we look to, and to ride the winning horse in our 
fiehi w*e must pander to the vitiated taste of those in whose 
hands the crowning of our success lies, our **judgesw" AAer 
you I would Rsk "the public" to say if, as a general rule, our 
"judges" are the right men in the right place? My answer ^ 
ia, no. And it is really expecting more than human nature mU 
capable of to suppose that they can be. How are they eda- m 
catt-d to lill such a post ? do they lay themselves out to gain 
such a knowdedge on the subject as would warrant them in 
undertaking to adjudicate ? does a mere smattering of art mabt 
thciu umsters of theit' positiun ? or d«»es it not on the other 
hand make them all the more dangerous, aa liable, from their mnd^ 
Udkiug, to mislead others I Which of us has not come acroat 
that peat of our profession, the amateur architect, the mail who 
considers he knows evei*ythiag and can do everything, and 
thei'efore, when he tries it on, spoils everything ? Such a man is 
often to he met on corapetitiou committees; and woe to the 
committee who has such a one for its guide to architectural 
knowledge. It would be far better for that committee it had 
never b«»en formed. It contains in itself the elements of all 
discord and all abuaea; for at what will the amateur stop ? at 
nothing, no matter how underhand or discrediuible, to carry hia 
point, and show his supposed knowledge. Bui this, you will 
say, is after all but natural: granted it is; but is it, therefore, 
fair play to us ? I might go on^ and further pull to pieces and 
show up the composition of our cooimittees of ^* jodgee^" bat for 
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The distncta in Scollaucl from which gmnite ia chiefly obtaioed 
ftre Aberdoenshire, Argyllshire, Dumfriesfihire^ aod thestewartry 
of Kirkcudbright. In AberdeeDshire aod Argyllahir« the grey and 
red varitiea are found, but in the south of Scotland the grey only, 
aod that geuerally of a very light shade. 

Although Aberdeen has acquired the reputation of being the 
source of the grauite now ao much used for architectural and 
monumental purfx>aes, very little of the finer qualities cau be 
had from the immediate neighbourhood of that city. The quarries 
from which the granites worked in Aberdeen are chielly obtained 
are situated at distances yaryiug from thirty to ifly miles to the 
north and west 

The red -coloured granite is quarried at Peterhead, 45 miles by 
rail to the north of Aberdeen, and the finest of the bine grey at 
Caimegftll, about seven inllea south-west of Peterhead, A very 
fine black grey baa also been fouod near Alford, on tlie line of 
rail from Aberdeen to that town. The old quarry of Euhislaw, 
near to Aberdeen, and from which the stone used In building one- 
half of the City has been obtained, supplies a grauit^j which, 
when polished, exhibita a fine dark blue colour and well-marked 
grain. It has hitherto been a favourite for monumental purposes, 
but of late the quarry has been in a condition unfavourable for 
the production of pieces of a large size. 

The granites of Argyilahire, and especially the red and pink 
varieties from the Island of Mull, are becoming favourites for all 
purposes, architectural and monumeutal. These fine granites are 
quarried on the west side of the Island of Mull, on the eastern 
aide of the Sound of lona. The Tormor quarry, from which the 
darker reds are taken, is within a mile of the venerable cathedral 
of lona. The piok variety \s got at North Bay, a few miles to 
the north of Tormor. These quarries are worked by the Scottish 
Granite Company, and from them stones of any practical dimen- 
sions may be readily obtained at any time, Notwithstanding the 
great beauty of the colour and grain, and the large size of the 
stones which may be there obtained, the Mull granites are com- 
paratively unknown in London. Mr. Gilbert Scott is the first 
architect who has Appreciated their value, and he has used them 
extensively in the beautiful memorial now rising in Hyde-park 
to th© memory of the late Prince Consort. 

Very fin© granites are obtained in the south of Scotland. The 
qparries at Kirkmabreck, belonging to the Liverpool Dock 
Troiitees, are among the finest in the kingdom, but they are 
almost altogether employed for engineering purposes, not being 
suitable for polishing, on account of the light colour. The 
granites best suited for polishing, for monumental purposes, are 
those in which the colour, when polished, i a darker than when 
only fine axed or worked with the chisel. The Dumfriesshiro 
granites do not rank high for this quality, and are not used 
except in combination with the darker coloured stone. They are 
also very full of the ugly black spots which so disfigure a polished 
stone. From these spots, the Mull red and pink varieties are 
very free, compared with the red gi'anite from Peterhead. A 
granite of somewhat better quality i.^ had from Craignar, a 
wooded hill near Dalbeattie, a village about thirty miles eastward 
of tlie Liverpool quarries. From Craig uar a considerable quan- 
tity of the stone used in the conatrnciion of the north side 
Thames embankment has been drawn. Nearly all the quarries 
in the kingdom have been drawn upon to supply stone for that 
great work, and cnnsiderable ditficnlty has been felt in meeting 
the demand. The Mull quarries supplied a portion previous to 
the erection of poliahing works by the company. The product 
of the quarries is now consumed for the most part in the manu- 
factnre of moiiumenta, columns, &c., for ornamental purposes. 

It is remarkable that granite is obtained from places so few in 
number, aod so far apart as Peterhead, Aberdeen, lona, Dumfries, 
and Glasgow, but such is the fact. It is very difficult to get a 
supply of stone of good quality, and considerable expense ha« to 
be incurred, in the removal of superincumbent soil or worthless 
rock, before stone of a quality that can be profitably worked is 
obtained. The profitableness of a granite quarry depends in a 
great measure upon contiguity to a general market, where the 
imaller stone, resulting from the quarrying of large blocks, can 
be readily disposed of. In aome quarries rubble is sold at the 
low rate of one shilling per ton weight; in others, where even 
that price cannot be got, it is thrown into the sea or into a waste 
heap. The quarries ia Aberdeen derive a gi-eat portion of their 
profit from the sale of stone used in building there, and the 
manufacture of paving seta for the London market. The price 
" value of granite varies greatly i for while rubble is sold at a 



shilling per ton, ten shilliup per cube foot, or one hundr_ 
and forty times the price of rubble, ia cheerfully paid for a fineiS 
block. 

In quarrying granite, or in the selection of a point in a 
of granite to he quarried, attention has to be paid to the lay of 
the rock. In the Cairngall quarry, belonging to the 3Ieaan. 
MacDonald, the stone lies from east to west. The east side of 
the hill is therefore that on which their quarry is situated. 
Another firm who opened a quan7 on the same hill, but on the 
west side, had to abandon the working. The pests of granite, by 
which we mean the masses that stand separated from each other 
by dries or natui^l divisions, were the quarry worked on the 
side to which they incline, would fall upon the workmen engaged 
beneath them. 

The forces employed in breaking the mnsses of rook into the 
dimensions desired are powder and the wedge. In using powder, 
a hole is ^^jumped" to the depth required, and being filled wilh ' 
powder and closed at top, it is fired with a fuse, timed to allow 
the workmen to retire to a safe distance. 

The first shot generally does no more than shake the rock 
round the hole, and make a number of cracks. The hole is again 
charged, and these cracks become filled with powder. The 
greater quantity of powder produces a greater eflfect^ and the rock 
is further shaken and opened up. A third shot generally bringa 
down the mass, and makes it available for the cotters to shape 
into blocks. This is done by wedging, or the "plug and feather," 
the latter being a short piece of steel inserted in a hole in the 
8U>ne between two thin pieces of iron. By striking the plug with 
a heavy hammer the stone is split into pieces of the size desired. 
At the Kirkmabreck quarries no powder is ever ujsed, but the 
atone lies in the most favourable position for detaching. It is 
desirable to use as little powder as possible, asotherwi e the rock 
is frequently shattered in a way not intended, but it i«t not 
possible in every quarry to dispense entirely with its use. 

No material is to be compared with granite for monumental 
purpofies. Besides the beauty of the stone, it posaesses the great 
recommendation of durability. Of what service is a monument 
of fi-eestone, the inscription upon which will last possibly during 
the lifetime of those by whom it has been erected, and perish just 
at the time when it was expected to inform a succeeding genera^ 
tion of the virtues of the person whose memory it was iuteiided 
to perpetuate ? We frequently are employed to renew, in granite, 
tablets of freestone that have been fixed in church and church- 
yard walls, and which, from decay, can no longer serve the object 
for which they were originally designed. 

Granite is now being very Jnrgely ust^d for ornamental pnrposei 
in buildings, and I do not doubt that its nse will very greatly 
increase, and that it will come to be used with greater skill and i 
discrimination than it now is. The sameness of the colour of, ' 
say thirty, forty, or moi^ columns on the front of a bank or other 
building, when all are of one colour, is not pleasing. Would it not 
be better to employ a variety of colours, or a vanety of ahades of ^ 
the same colour. 

Take any of the cohmrs of the specimens now before yon on^ 
tlie table. Ijct it be the dull, fieah-coloured red of Peterhead, or J 
the livelier hues of Tnrmor from Mull ; the light grey from 
Kirkmabreck, or the dark from Oubialaw ; or even the unique 
and delicate pink from the north Bay of Mull, and it is impossible 
to come to any other conclusion than this, that the front of any 
building constructed wholly of auy one of these colonrs will not 
be 90 beautiful aa it would be if their varied colours had been 
judiciously combined. Great variety and beauty may be pro- 
duced also by varying the style of work. Let the base be rough ■ 
rock, the first courses above rnstic, the next single-axed, and the^ 
highest fine-aietl, and let their dull, solid surfaces bo varied by 
polished columns, pihtstera, lintels, and string-coursea^ and a 
building worthy of the greatest name in architecture, or the meet 
honourable purposes to which any building can be applied, would 
be the result. 

In selecting granite it is advisable to consider the purpoee to 
which it has to be applied. The stone best suited for a monument 
or a column in a position where it can be closely inapeoted, may 
be of a finer grain than if it has to be placed at a higher eleva< 
tion. I have seen buildings with very fine columns of grey 
granite, so small in the grain, that at the distance from which 
they could be seen the ctfect was no better than if they bad bten 
so many cylinders of zinc. 

Apart from all commercial considerations, which may be sot- 
pected to infiaenoo one engaged in the granite trade, I should 
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*T-TT ir-* i rt^ BMfiBK* amI tkiv vai Um &kmI troabtcioino one to be got ov^r. 
U WW iirnni— I to hd^ from ibe HuU qtuury » block, estiniAted at 700 
^^ far CABert SMenockL Huit block v^as 150 i<xi long, wiUiciut 
^ nifV mhI fe yfa— I H to U: »oLiil to a dt'ptb of 15 feet ; but the 
wki^ tffe^fcv «f liiiiiiliiiii it to Lothlon c«jjidt«<teJ in the very gn^ut 
tjpi^a A» Ti fff frf Wf**^ It bjui even licrea eiiggefited to tnke it tu 
XZf^W far * ^kmqaI of Alnluua Ltnccilu. In the ciLite of the large 
ii, i, te alneii be bttl allod«d M ailpplk»d f[»r the Albert Memorial, the 
^\^g^ far tif^iiq; tlma Wtt« nbont £OoO, and th« whole 
iMHBWto«ii»|itvndeil »t & t<>ta.l cost of about £1500, 
j^ Hip «iflHBr md a ioocoasioa of ortlen for these large 
iLJU> lUj ^-JJI ■!< fa W|ilii'1, tswpi at a very high coat. 

Mr %MMff aM tt> rafarwii^ ^ ^he more ^neral application of 
m^^ far Mtfte p«pttMi» >^ would bo tatidsfaciory to hear from 
^tMbv «fa^^w S* ei»t <^ thiA matoml as com(Mkred with oib^^r 
kK. Be KMBBikl ifa grait c3(f>e(uu eooiii^tod tn toe dressiog ; and 
^a^pj^mm^ It vmM Imiv9 U>«ii a very costly affair to have cou- 
uiTill^^far"*" ^ ^ HotiMW of ParUameat in pohihed graaite. He 
t^^M 1^ ^jkgf gt ||i«r whal was the expense of dres^^ted gram to for 
" ggc a* Kwoiiarvsl with otber descriptiorw of litone. 

f wMol I » **( ^'* ♦hit iniiuiry, whether the polishing rendered 

< H-i.tnioMiphenc influenoea than when the 

11 found UiJit the small puliAhcd ^'^mnite 

II !je«?n subject to scaling, which wm 

i ^i^^i f^ h thtjy were polished. 

Mk. ilv» lif^i'^i - -^ '*^ twenty yearij* expeneuce with 

^^^|^M*wlUck wip a Vfvv thort time in fomiectiou with auch a material 

X«a^^l% ^^^ *^i' ^^^^* ^^' ** ^rranite obtiuned from one quarry in Aber- 

^, riiMt hiwl tik^^n place in that time, and a 

^y.^ liah hnd been lost, but nothing to which 

y . .1.. applied had taken place. The 

^ i liirries wAd wholly inapprociable ^ 

H^ „„^.,. ,....:. :4 1 ' . l thousanda of years wiw wholly 

mi^llliflMmlk^d' il^ tiidioviHl thi! eliect of poliiibiag was in most casea to 

WK>hPii K\w ibiratiilUv of the ntone, but any atmonphoHc action wiu 

Idy vdMi^r'v'iibln on a poHshcd than oo a rough snrface. With 

, ti^M nii«t of granite for bailding purpKsea, he l>elicved it 

'ill Limthm at a price not exctjeding that of some 

utono. Taking the castr uf a building with a 

, iLot, and fifty feet high, which would comprise a 

. of "iWUO feet, using tooled granite in the main portiont*, 

1^1 tliitulii, eolumn^t and architmved, the coat would be from 

^r f, 'lliat was fur stone of two feet thickm^». 

{\ NNANT, having called attention to a paper on the *' Art 

t»v>Uni h' "' gmuUic Burfaces," read by Mr. John Bell in the ftession 
t»( {•>** ^^^» wli'nih h« said elieited a very valuable practical diacuHsiou, 

I ,1 ri, ,« fiMith luight 1>H said on the subject of granites — not only 

MiL j*t>!o the Cornish and Devonshire, and Irish gmnitea; 

I |(y %*> Hnd the isnbject was now exeiting the attention of 

• iimi it was a material which was undoubtedly capable of 

I iippiiattion, A atrdiiFig instance of this waa afforded 

the Thames Embankment, in which several di*scpiptiona 

itf ^ Ij'wn employed, and there w<ifu others a^ well arlapted for 

I thodfl which hrul already been u«ed. On a former occa- 

Ui that clajw of granites termed syenite*, differing from 

! ind which contained quarts, felspar, and mica, while 

NTviiiiv WM tjiiiupo»ed uf quartz, iiomblendo, and fekpiix. The latter 

^^* itmui\ by the Egyptians, and som? Ujtautiful Bpeciinuna were to be 

' lEijih Mu»cHijn. There wer« in the Museum of Oxford the 

■ inn of granitea that could be met with anyvihere, and 

I , , t 1 thore shown the applitability of many of those varietiea 

(,f 1 1 Wf re little known at present. With regard to the ao- 

hmHi ' f the surface of granite, he believed that to be due to tlie 

pliir^M III dnittiiing. When the stone hail l)cen *'«t4irre«i" in the opei-a- 

luifi Iff ifrultngt and was afterwai'ds expr»«ed to the weather^ the portirtu 

ihal Mtm Hiarreil beeame liable to p>i] off. llii» was B>hown to bo tht? 

rM*»« in tintt xpeeiuion of Egypli;in granit'."' In the British Mujeuni, the 

»»nn of a figtirt% where it [jeeled off like the outer portions of an onion, 

dbuwhig wlieni the axe t>r pick h^d brui^eil tb? stone, in mms easts t<i 

iHo oxtetii of half an inch. In otlier inatances the pressure of intn 

pvfites on the stone waH a cause of ilecom[>osition; the oxide t)f iron 

#cpj*nded, anrl burst the etouo. In other cases there were l.-irge eryatala 

i.( f*tUpar, and in different granites the*e felspars varitid in their com- 

(nwition. In one case there was pf)ta!jh felspar, and in another soda 
.^lipar AU these were pninti of grf^at intert,st, and here was an 
♦ piiortuoity of examining tbeni in the different iiu:ditie» of granite now 
t-»lug uHed in tlu* work.4 of the Thivrn'^s embftTikment In fact, he 
knuw no city which better illustrated the varietit-s uf gnimte than did 
thff city ol Lon«lon af pn.*scut. 

Mr. !^Ii'iB nnuarkcd that the starring to which Pntfcssor Tennarit 
Alluded W(w dotie prior U* th-i pdishing, and a slight starring might 
txn taken off bv the prf»ce«H of poll .filing. He liehevctl the use of the 
n, w to*^ nl«acribed ill his paper), which they couhl hardly sup}R>f»e to 
'^dojetl by the Egypiiiuis* wotdd obviate the atarring 
its effecta w«ro nut produc^nl by heavy blowi upon the 
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stone, but rather by oft-rejjeated gentle taps, which were not Iikefy 
to produce starring. He should be gla^l to hear frtfm Professor Tcn- 
nant to what extent he considered the granite in the par&pQU of 
London- bridge, which had been erected forty years, had decayed from 
stjirring. 

Pr*»f«»sor Tknkant believed that the ftxit pavement of Loodoo- 
brid|^ did not wear aw.ay to the extent of more than one^gbth of MUX 
inch in four yean*. With regarti to the effect on the p;i 
would refer to Waterloo- bridge, where the decay was very 
indeed. About fifteen yeara ago aa alarm was raised that the 
of Waterloo-bridge bad decomposed to such an extent aa to 
bridge unsafe, and the same was aaid about several othcn pul 
buildings, but after a time those alarms aubaided, and the stnictiifea 
were standing, and wure likely to oontinue to do ao. If they wea^ 
l>ack to the works of oneient art, the obeHsk of Heliopdis, whicii 
had been erected 3000 years, was still in good condition ; and thd 
same might be said of the obelisk br«>ught over by Belzoni for Mr, 
Bonks, at an expense of £2000, and which had been erected in 
of tliat gentleman s residence in Dorsetshire* 

Mr, MVJH said that as the paving-stones of London-bridge wore ftwaj 
only to the extent of one-eighth of an inch In four years, it waa eaay to 
estimate how slight would be the deterioration where the materia was 
not exposed to any traffic at all. 

Mr. BtSHOF mentioned the great amount of granite dust which was 
observable in the galleries of the Esourml, which no doubt fell fmm the 
walls, and was undoubtedly powderod granite. 

Profeaaor Txnnant remarked that some qualities of granite decayed 
very much* especially aome of the Coruiah and Devomdiire djAcriptloni, 
from the decomposition of which had lieen produced the poroelaiu clay, 
or kaolin, which was so extensively used. The late ^Ir. Minton enter- 
tained the fallncious idea thiit the supply <jf that material would aoon 
exhausted ; but there was no ground lor this fear. This decay aroiie, b«| 
believed, from an exceiid of alkali in the granite, for when that 
present beyond a <^rtiujD amount, decKimpoaitioa went on Twy rapidly. 
In the different grauitea there were two kinds of felspar: in fact, th^ 
had in granite four different ingredienta ; they had potash felspar in the 
white granite, and soda felspar in the red^ with quarts mad miG<» m 
liilditiun. In the Scotch granite, and in that from Dartmoor, they had 
a form of tounnalioe, which made it ixtremely brittle, and if it was 
employed for macadamising ruada it was vety soon reduced t^i dust. 

The CHAiRitAN stated that there was great interest connected with 
the working of a material whicli had been supposed to he the earliest 
forniatiou of which this world was corapused; and when properly selected 
it waa no doubt the most durable uf uU materials, but he wm afraid the 
cost would preclude any very general use of it on the atreets of London, 
until cheaper nndes of manipulation, by machinery or otherwise, wi*ns 
discovered. With regard to the natural decay of tliis stone, it was not 
neoeaaary to eay one word after the able remarks on that subject which 
had been made by Professor Tennaut, hut all travellers in Switnerhmd 
mtiat have notidxl the very rapid decompOfdtioQ of the granite which 
went on, especially in the district of Chamouniz. There oouKi be nu 
doubt that an enurrmuib quruitity of this cMrw was brought down from 
thL' upper granite formations by the action of the weallier ; but Xha 
surface over which tbi» action took place was so hirge, that the extent of 
decay at any one ptdut waa very slight indeed. The light-ooloured 
earthy masses that were brought di»wn by the xVar and other rivers were 
in fact powdered granite. With regard to tlie cost of working granite 
for building purposes, m compared with other descriptions of stone, 
looking to the Houses of Parliament, he thought if the expense of facing 
that great structurt:^ had lieen double what it w;is, it might very tio«fsibly* 
have been true economy ; for that vast expeuditnre seemed likely to be 
wasted, inasmuch as the ornamental woric was rapidly decaying. It 
was a melancholy fact that the timterial of many of our modem buildings 
was crumbling away even during the 1jv<m of those who had oonalfiicUd 
them. Another interesting point was with referenoe to the starring. 
No <loubt the theory of Professor Tennant on this subject waa convct^ 
If the starring waa so def p as not to be removed by the after prooeja of 
polishing, the effect would be apparent upon the column after a Umc 
find that, no <ioubt, was the cause n( the peeling, which ha*l been altadted 
to. Al>erdeeu had lieen n-ferrofl to lis the ** granite city/' It mi^ht 
have merits in the snliaity of its granite houses, but it had Che dement 
of great monotony and coldness of colour, and the bardneca of thu 
matoriid wju^ such that there waa not only monotony of Colour hul 
iib.^LMice of omnrntMitation; i*o that, wltatever other merits granite might 
possess, it could lay no claim to the promotion of florid ornament in 
architeeturt'. 



AnCHITECTURAL ASSOCIATION. 

The nimaal bu?^hj*^s meeting of this society waa held oft lh« 
4tli of la«t month, Mr. U, W. Edis, President, in the chair. M 
The ftlteratiopfs v\' Hales 4 and 5, of which notice had been gii-rn f 
i\» meutioued in our tast^ were carried. The Rroendfuebl ou tL« 
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document, and yet to ignore it, and not allow it to entor into 
the agreement which subsisted between the employer and the 
builder. There were, however, objectiona to ita being lotrodiiced 
and he (Mr. Smith) waa far from beings prepared to say that 
these objectiona were not weighty. The experience of those who 
bad determined the present sygtem of things was bo great that 
Buch a society as this Association ought to hesitate in adopting 
any resolution which misrht seem to go against it. But at the 
same time be (Mr Smith) was aware that the praitice he h;id 
described was not even in London universal ; a London archi- 
tect, from whom he had learut much of what he knew of 
architectural practice, had told him that hia uniform custom 
waa to consider that plana and specifications, and bills of 
quantities together, formed the basis of his contracts with 
builders, and this gentleman waa one of the most experienced 
architects in Loudon. If an architect were sure of his sur- 
veyor, the advantage of having the surveyor's careful scrutiny 
added to his own careful work, would usually outweigh most 
disadvantages, such as those which might arise from the archi- 
tect meeting some things in the bill of quantities which he waa 
not prepared for. It w?is in his opinion most deaiciblo for 
architects entering practice to learn the ordinary routine of 
taking out quautitieH, and even occasionally to practice it He 
(Mn hmith) thought, if artistic men could go through such 
work without damaging their artisti^j faculties, it was a mis- 
fortune if this portion of the architect's practice were never 
carried out by the man who was supposed to be responsible 
for the whole building; and if arehi teats prepareii their own 
qnantities, most of the objections which lay agaiust the proposal 
to make the quantities part of the contract would fall to the 
ground. There need be no specificAtion at all under such cir- 
cumstances, and the bill of quantities would take ita place. 
The entire subject required careful consideration ; and it waa 
a pointy he begged to repeat, on which his judgment was not 
fixed. 

Mr. Christian said, the Association owed Mr. Smith thanka 
for placing the relative positions of the architect, surveyor, and 
builder so clearly before the meeting. He (Mr. Christkn) did 
not quite agree with Mr. Smith in all the deductions he drew 
from the position of the three employments, though he agreed 
with most of them. He did not agree with the tenor of Mr. 
Hines's paper. From that paper and from Mr. Rickmajvs speech 
one would infer that their arguments were bnsed upon the aup- 
poaition thnt architects were incapable, and surveyors dishonest. 
He should be sorry to think this true in either case. If he could 
believe that the majority of architects weifi incapable of doing 
their duty, he should advocate including the bill of quantities in 
the contract. But he C4:insidered that the position of those 
Architects was by far the strongest who refused to have anything 
to do with the hill of quantities. He had found in his own 
experience that buihiers often, when required 1^ perform work 
which clearly formed part of a contract, demurred under the plea 
that it was not in the hill of quantities. In such a case, if the 
architect could say, *' 1 have nothing to do with the bill of quan- 
tities: is it expressed in the drawiuga or specifications T he was 
delivei^d from all difficulty. If he could show that the 
specifications and drawings were complete, then he could silence 
the builder at once. He felt very strongly that the architect 
was not employed solely for the benefit of either the client or the 
builder, and that he has no more right to allow his client to pny 
for one rwl of work more than had been done, than he had to 
insist on the builder doing a rod of work for n(3thing. He (Mr. 
Christian) did not in the least desire personally to f>hject to what 
Mr. Rickman had said, hut he thought that Mr. Hickman hnd 
dwelt somewhat too strongly on the imperfection and ignorance 
of men in the profession. He did not think there were so many 
incapable architects as Mr. Rickman had led them to infer, and 
he was sorry if that gent!en;an*s experience hnd led him to such 
conolusions. According to Mr. Rickman*s views, siieh men were 
not competent to make out drawings and specifications; and the 
surveyor who supplies their deficiencies ought to have part of 
the five per cent. allowe<l to the architect, Wi»rG the bill of 
quantities made fwirt of the contract, the sarveyor would stand 
in a position superior to the architect, which he (Mr. Christian) 
thought wuM wrong. The surveyor in taking out the quantities 
for the builder ought not to be depended on for correcting the 
architect's specifications and drawings. He hoped that no motion 
making bills cf qtiautities part of the contract wouhi he 
4sarried at that meeting, Hedid not wish to follow Mr Rickman 



in throwing blame on any part of the profeasion, yet it won 
found that bills of quantities wens not always faultless. I! 
of quantities did form part of the contract, the result wou 
that the bill of quantities would be brought up againa 
architect and his client's* interests, under all circumstances i 
anything w.aa omitted; but if there was a surplusage no 
would be said, and it would go into the builder's pocket, an 
client would get no benefit. If the present system was un 
factory it would be better to try another scheme altogether^ 
as that of priced schedules, as used largely by the Govern 
However experienced and well-intending a surveyor ma 
there would always be a margin, either too much or too lit' 
which he could not arrive. A better plan waa to get a 
schedule dmwn up, and fairly priced by competition. B, 
means the difficulties of alterations and extras would be av 
and the architect, builder, and client would arrive at a 
understinding ot their relative positions than by any 
possible means. If they couhl be aure that all men employ 
the building were neither rogues nor fools, the simples 
perhaps the liest system would be that of day-work under a 
clerk of works. But as they could not always ensure ho 
and common sense they must adopt some other plan: arch 
ought not to give up their position and authority in the n 
under discussion. He was a conservative, and should prefer 1 
to remain as they were. He had not been able to exami 
discuss Mr. Hines's paper in detail, but if they were to t 
clause by clause, he waa sure that the result at which 
would arrive was, that the adoption of the system recomm 
would be injudicious and unwise. 

Mr. Blashill said that some years ago he had been a mi 
of a committee which had the matter now being di» 
under consideration, and a point which occurred to him a 
time had been forgotten in the present discussion. Mr. Chj 
had said that taking out the quantities was work done f 
builder. In the olden time there waa not only corapetit 
to prices, but also as to the skill of the builders in 1 
quantities with close nesa to the drawings. By the p 
system that guarantee was lost altogether. The only compi 
now was as to prices, and quantities were matters about 
the architect could not be sure at all. There might be 
derably more or less work than appeared tn the qaat 
but at all events the builder must do the work, and the 
muni pay the contract price, without any real remetiy for 
or deficiency. If any alteration were made, it might be 
considering whether the contract should not be baaed 
tlie quantities alone. For the quantity and quality of the \ 
and materials, together with the site, were the only mat 
importance ^o the builder in forming his tender The 
and arrangement of these materials are chiefly of impe 
as between the architect and hu client, and they woi 
shown by the drawings and a peci licit ions, which under ( 
system would show the builder how and where to plac 
work he had contracted to do. The objections to this c 
would be the ex|»euac of mensuring up every work for 
and omissions, and the uncertainty as to the ultimate 
but from these very ^rave objections the present wyster 
not wholly free. To make the quantities a part of the oo 
retaining the other documents, would tend to produce di 
by increasing the chance of discrepancy. 

Mr. K. O. H-\nRis said, in making bills of quantities ] 
the contract, the whole of the surveyor's responsibility ^ 
once thrown upon the architect or hia client, who had to c 
npou the ability of the surveyor employed, a liability whi< 
architectf^wouhl care to accept. He did not think that arc 
— though they were expected to know a little of every tl 
could be expected to take out bills of quantities with the pr< 
and accuracy modern builders require for a large building, 
state of affiiirs had better remain as at present. It freq 
happened, that all a snrveyor had to guide him in 
quantities w:wa a simple pencil drawing, and a few pa 
written specifications, mere notes in fact, for a whole bu 
Such cases occurred to lii4(Mr. Harris's) certain knowledge 
surveyor, wishing not to lose the job, Ukes out his qua 
on the safe aide, being responsible for them to the buildei 
very naturally guards against loss to the builder, as h 
surveyor) would have to make it good, I shall support 
momUers wh i vote for quantities not being part of the oo 
Inchidiug them in it might be v^ry desirahle for aurvejj 
I think, it would be otherwise as regards architects^ 
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frs begged to propose th^it the Assaciation^ having 
^inea^g paperv shoiikl give it their cordial asseau 
he aaid, Crora the atntemeuts which had been put 
. Hiue and the gentlemen who had apoken, it seemed 
[»ta did not know their busineaa thoroughly. Why 
u a rule give their drawings and specifications to a 
m to go through to correct fatilU in them ? Why 
lave lo re-write specifications and get over difficult 
! (Mr. Mathews) thought it was moat desirable that 
itities should be the hn^h of the contract ; and, in 

firchitecta could finil time to take out their own 
t considered they ought to do bo. There was no 
of iuatructing a young tuau iu tlie practical part of 
>n than by so doing. It would greatly help in make 
9 buildingmore satisfactory to himself, and to remove 
[ties that would otherwise arise in carrying them out, 
more just to the employer, as he would only have 
hat he really had ; and it would place the architect 
isitiou between his client and builder. 

ey, RiDQK aaitl it was scarcely wise, at so late a 
▼ening, to pass such a strung resolution as Mr. 
dpooedy because it was a very important question, and 
wo diacassion and cotisideration, though hia own 
in favour of the motion. Most of the arguments 
een used had, however, been grounded on the incorn- 
,rchitects. If, however, the drawings and specifica- 
iropcrly made, and the quantities fairly taken out, 
reasonable prospect of their agreeing. They might 
le part of one and the same contract to tlie advantage 
f. When the time came for settling the accounts, 
md otntaaious might be aet ag&iost each other. The 
f of the present system was, that even when a 
IB appointed by the architect, he was iu a second 
I" responsible to the architect, whereas he was 
responsible to the builder, so that in self-defence he 
a of the builder. A^ a protection to the surveyor, 
ing to the quantities being taken out iu more strict 
riih the drawings, he (Mr. Kidge) thought it would be 
ke the quantities part of the contract* 
t said, he befTgcd to move au amendment to Mr. 
notion, *Hhat in the opinion of thi<j Association the 
making the quantities part of the contract deserves 
1 ; but, as a matter of fact, it is not the most usual 
»Qdon contracts." In moving tho amendment, Mn 
that one great difficulty in the way of making the 
art of the contract was the incompetence of certain 
He had very little personal knowledge of such 
it there did exist a considerable number of surveyors 
antlties out in a very loose manner indeed. 
mxyt seconded the amendment. 
iiDENT said he thought it would be very unwise to 
jathews's resolution. He thought it was absurd that 
. should be fettered in any way by the work of a 
I r whom he really could have no control. Such would 
, where bills of quantities were made the foundation 
a contract, unless such bills of quantities were taken 
rchitect himself or under his immediate supervision ; 
jrere taken out by an entirely indepeudent surveyor, 
?Q made to form part of the contract, should there be 
in the bills, the result would bo in most cases very 
and unsatisfactory to the architect, and probably 
client ; and, at the end of the w^ork, it might be 
have a re- measurement of the whole building, which 
kely to lead to much annoyance and expense on all 
rchitect would perhaps be overthrown, and the client 
soQsiderably more than the contract. If, as had been 
AD architect could not make out fair and proper 
d specifications, sufficient for a fair and equitable 
.hont quantiticg, he had better have left architecture 
Lher. Some remarks had been made as to architects 
er business class of men than formerly. Hia (the 
impression was that the architects of the present day 
y considerably improved in the art, but also in the 
rtiou of tlieir profession, and that it was most 
for many reasons, which time would not now allow 
npon, for an architect to allow the bills of quantities — 
a oat in his own office — to form any part of the 

begged leave to say a few words in reply : Mr. 



Smith had asked him how he would apply billa of quantities iu 
eases where the specifications and drawings were fairly made out. 
He was happy to say a very large number of the drawings and 
specifications were properly made out. In these cases the 
quantities were just as valuable as in the other Ciises. The 
necessity of pricing and forming an estimate involved that some- 
body should transfer the form of the work from drawings and 
specifications into the shape of a bill of quantities, unless a mer^ 
shot at the value of the work was taken. The bill of quantities 
must be referred to in some way or other for the purpose of any 
variation which it might be desired to have carried out* There 
were quite as strong reasons at work to make tho surveyor take 
out quantities closely, as there were to make him take them out 
liberally. The surveyor ouly took out quantities liberally in 
cases where ho suspected the architect of carelessness, and where 
he feared the builder would be down upon him for the sins of 
the architect. 

The amendment, as proposed by Mr. Smith, was put to the 
meeting, and on a division was carried. 

The 8ECRETAaY moved, and Mr. Harris seconded, that Measi's. 
T, R Smith, Bickman, Edis, and Christian be re-elected delegates 
from tho Associatioii for the next meeting of the Architectural 
Alliance, which was carried unauimously. 



THE CHURCH OF ST. HILDA, HARTLEPOOL. 
( With an Enfjmvitiif. ) 

The accompanying pljite illustrates the restoration about to be 
carried out in the ancient parish churcli of St. Hilda, Hartlepool, 
Durham, Happily, it is now rare to find a church of such 
origin ftl magniticeuce in so JaraenL-^ble a state of repair. Both 
in its grand massiveness of effect, and its chaste ornamentation, 
it is considered to surpass all other churches of the county of the 
same period. Thi* tower- buttresses are unique j and the piers 
and arches of its nave, the clerestory, both internally and eic- 
ternally, and its beautifully proportioned aud simpjy adorned 
chancel-arch, are also justly admired. 

The charch was principally erected during the latter part of 
tho twelfth century (the tower being probacy a few years later 
than the nave), whilst tlie south door is of the eleventh, and the 
aisle windows of the fifteenth, centuries. Its style is mainly of 
the earliest period of poiute<l architecture. Its miwaive tower k 
cracked in atl directions, and has a considerable inclination to 
the north*east; and almost every other part of the church is in 
want of repair. In the year 1721, during extensive alterations, 
not only were the buttresses takeu away from the north side, and 
the windows modernised in the north aisle, but the noble 
chancel was curtailed to one-fourth its original length; and the 
present arrangement of ugly, uncomfortable pews adopted* 
throwing away a large number of sittings. 

"Thij onoe magnificetit building is luarketl by peculiarities of a per- 
pleiing deBcriptaoDf and it ifl no easy task to decipher the intcnticm of 
iu arcliitect. Especially aingular are the enonnously masgive hutiresi»p8 
jutting from the tower. Those at the west end pn>ject above 2*3 feot 
f rcim tho tower, and the waUs of each are reapcMrtively 3 ft. & in. and 3 ft. 
J iu. thick. Whence thig difiference of iubitance arise« hiiii yet U) he 
explained. Looking at their ejctraordinary form, wo might fancy the 
original dtisign had for ita object a crosa church, oonsiffting of nave, trau- 
sepia, choir, aud chancel, and that, tlm intention being altered, tht^ 
buttresses wen» placed against the tower to compensate for the kiss of 
support which the complete miembera would have given it; Imt on n 
closer inapection of the matioury wo iliscover portions of th« walls, win- 
dows, and (upon the buttreaa sides) the coping stunea of the nwfa of 
three small chapel s^ attsiched to tho went, north, and south of the tower, 
niid all of the Early En^llMb i)eriod when the church was fint bnilt. The 
wmthera chapel, indeed, atill exists. A survey of the interior of the 
tower satisfies na of the necessity of hirge buttrewes, for they sustain the 
lateral preseure of a lofty and heavy stone-ribbed grohiing;, which is 
undoubtedly the heat constructed specimen of the kind m the county* 
This vaulting with the clustered ct^lumna from which it springs onco 
formed a fine addition to the interior of the church, from which it is now 
separated by a ponderous wall of later date. 

The diurch of Hartlepool, before the demolition of its ancient chanoislp 
must have far excelled any of the churches iu the county. The eastern 

Cof this edifice, most probably owing to the fact of its lieing the 
c« mausoleum, wajs a most remarkable huilding, — a second church 
of equal length to the nave, having ita columnSt arches, and aisles of 
the same dimensions as that part, and apparently more highly deco- 
rated. About half a century ha« eUpeed biooe the repair of the chancel 
is said to have been seriouftly contempUted, but Uut oonaideration of 
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the Bubject wm Boon ended by the deitraction of th© whole, b»v« oiw 
iimall compartment. 

In spite r^f the destruction of its chaocel, and the introduction of 
modern framed windows into the tMo», thiB church is etill * very 
interosting building. Its entrance doorway ia a beautiful gpecinien of 
lito NormM), and the whole exterior detail, especially of some of the 
clcfentcFry capitali, is of very fine chAracter. Internally there m not bo 
much of "elaborate execution^ but the capitals flupporting: the chanoel arch 
are decidedly good apecimeus of their style, and the small cftpital breaking 
the continuation of one of the thin phofta is a marked iingularity, A 
specimen of the whimsical ocenrs in the zig-zag of the diHjrway, where 
(against the left capital) one of the pieces of atone is left^ nncarved* 
Bui the most remarkftbl© oddity is the form of the south aisle arches, 
at firety they would be pronounced inaccurately drawn, or if not, deformed 
In ctoiiMqaence of extrai»rflinary preiMiurD, but tho latter ifl certainly not 
the casef as the joints are perfect, and the superincumbent maaonry 
regular, and because there is no lateral tliruat to cause this most singular 
deformity. The laat striking feature is tho cushion of the capitaht upon 
which the arohea rest, but this is not peculiar to Hartlepool Here the 
columns are attached alternately to octagonal and aqoare shafts, and 
have circular bands or cushions enclosing the whole, both at the base and 
capitals. At Billing faani, on the contniry, the Cf^umns are attached to 
a ciPSJQlar shaft, and the cufthions are 8<|uftre. But Hexham Abbey, in 
Northumberland, offeni the most important specimen, for the lofty tower 
piers are inclosed with a cuahion similar to that of HartlepooL"* 

It is proposed tn carry out n thorough restoi-atioti of the church* 
with a view to bring this noble fabric to something of its aacieut 
grandeur, and to provide increased acoommodjition for the 
worshippers. In the nave, it is intended to take out oil the 
present fittings and the unsightly gallery, to relay the floor at its 
proper levels to raise the ruof to its proper pitch, to re-roof the 
aisles, and restore the windows both in the north and south aisles. 
The tower will require to b© treated with the greatest care, Th© 
whole of the fonndatiuna will require to be under-pinned; parts of 
the walls rebuilt and restored to their original design; other 
parte of the tower thoroughly repaired and banded together (irott 
ties being used when required); and the vaulting and archcia 
thotx)nghry restored. It is intended, if practicable, that the l&rgo 
arch into the nave should be open. These works, from their 
nature, must be costly; for the work will have to be carried on 
with every possible precaution— stone after stone being taken out 
and replaced in a gradual manner; as it is oonsidered most 
desirable to retain as many of the original features of the fabrio 
as possible. The chancel it can scarcely be hoped, perhapa, to 
restore to ita original length; but it ia purposed to rebuild it of 
such a size, that, while being sufficient for the du^ performance 
of Divine service, it may form a terminatioa not unworthy of the 
splendid nave. The estimated cost of the restoration is i^3^00. 
The committee have secured the services of Mr. (A Hodgson 
Fowler, the architect to the Dean and Chapter of Durham. 



Fire^, Fire Engines ^ and Fire Brigades. By C^hahles F, T. 

YocNQ, C.E., Mem. Soc. Enfj^ineera, Author of **The Economy 

of Steam Power on Common Roads," &,c, &c. London : Lock* 

wood and Co. 

Who that has lived in a large city has not been etartled by thet 
ominous cry of " Fire^' — and wlio that baa witnessed the disastrous 
eifects of a large couflftgration, can fail to recogniae the impor- 
tance of any investigation tending to prevent the recurrence of 
such calamities ? 

The title of the work before us, embracing as it doea almost 
the entire Bubjeut of fires find their prevention, evidently rer|nires 
from its author not only the moat careful and studious research 
and examination of facts, but also tho yet higher qualities of un- 
flinching truthfulness, and a determination to maintain whatever 
shall conduce to pi*event the continual reappearance of that now 
almost stereotyped form of report, ** Totally destroyed,'' or **Con- 
sidembly damaged"— a form, by the way, which tiirows a con- 
venient veil over the proportion of fires which result in total loss, 
and, as Mr. Young remarks, Cf)ntra8ts unfavourably with the 
distinct classihciition adopted in the reports of the Parisian fire 
establish nient» In a miitter involving the etficieucy and manage- 
ment i>f men and appliances for the extinction of fire, too much 
regard cannot be piud to care and exactitude in the pi^paration 

*S. fF. BUU^g^ JJiaglrBUma oi IJbtf Arebitectorsl AnU/ioitles of ibe Cooaty of I>urliaia , 



of statements which by their bearing may tend to ahoir 
faults exist, and in what direction amendment may be look^ 
There is evidently at present much room for improvement, ai 
apparent that any work which, like Mr. Young's, brings toj 
the available historj and experience of firea and lire previ 
from all parts of the globe, must be of essential serrioe. 
time was m our own country when occasional fires in large 
were almost necessary evile, and were to be viewed much 
same light as we look upon the loss of a limb as being prel 
to the destruction of the whole body. 

Of this class was the Great Fire of Ijondon, which, terrfbl 
was, at once purified the atmoaphere, and did away with im 
those miserable streets and alleys which had formed the h< 
and nurseries of fever and plague. Unfortunately, it can 
said that we are yet entirely free from localities so bntlt 
filthy, BO over-crowded, and so suited in every way to 
disease and death, that a clearance, even by fire, woiL 
occasionally appear to be desirable ; but at the same time le 
remembered, that in these days we have some idea of aa 
lawB, and that localities such as we have unmed are pr< 
those in which fires of any extent are least frequent. 

It is not then to fires that we ought to look for sanitaj 
provements, but rather to their prevention, aa avoidin 
ruinous destruction of piles of property, and the utte 
unbalanced loss of hundreds of thousands, nay millio: 
pounds, which might but for fire have remained available, 
directly or indirectly, for the general good. 




HaiLo's E50IKB, aicoiTD civtciT^ B.C. 

Mr. Young's work, which is written throughout with an ei 
desire to throw a clear light upon what has hitherto been I 
imperfectly understood subject, commences with a chapter 
" Fires " generally, their causes, and hints most excelle 
character for their prevention. This is followed by instan 
large conflagrations, &c. We then have an excellent cl 
upon Fire Brigades, including those of former as well as ou 
times, and pointing out oxiatin^ defects. The succeeding cl 
enters at considerable length into the means for subduing 
and points out the weakness of the claims to originality of » 
so-called recent inventions. Fire-proof structures, which 
the subject of the succeeding chapter, might advantageousi 
think, have been treated at somewhat greater length ; alth 
as it is, quite suflicient is said to snow the fJEillacy of 
commonly existing ideas, and to indicate tbe possibility of 
improvement on present practice. 

The succeeding chapter, devoted to the history of maom 
engines, reveals some very startling facts as to the antiqo 
arrangements which we hai^e been accustomed to look up 
being of comparatively modem origin. Of these instance 
most notable is that of the air-vessel, the first use of whi 
connection with pumps, Mr. Young says, is usually ascril 
Leupold, in the year 1720, whereas, according to Vitruviu 
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kraoiir belonga in reality to Cteaifeus, an eagiaeer who flourished 
ipthe second century before the birth of Christ; and an illustra- 
tJOQ is given of a double-cylinder fire engine, deacribed by Hero 
in liiB " Spiritalia," with which modern improve men is are in 
priociple almost identical. We reproduce this very curio aa 
piYNjf of the mistake we should make in suppoeiug that ancient 
ttoorda can ahow us nothicg approachiug in priuciple to tho 
perfection of modern practice. The whole of this portion of the 
work^ indeed, ia higlily interesting, and will well repay attentive 
pruaah It particularly atruck ua that engines of the amnll 
ligbt daaSy Buch aa Eoberta' Gig Engine, and Merry weather's 
Small Manual EDgine, were deaerviog of mack more atten- 
tion at the hands of fire brigades than they have aa 
yet received, inasmuch as, from their Hghtneaa, and the amall 
pBiwtr recmired to work them, they would be frequently avail- 
alleloBff Defiairo ordin&rj bdgtule manuals could be brought to 
bear, and might thus he tho means of effectually keeping in check, 
if «ot of entirely extinguishing, incipient conflagration a. At a 
certaia stage, however, the larger manuals must of necessity be 
Jjlied into play, and of these two excellent examples, one by 
^^mn. Mertyweather and Sons, and the other by Messrs. Shaod 
aad Mason, are given; Mr. You og aptly f>ointing out the fallacy 
w supposing that in caaes of thia aort a low priced^ ill-made 



&U&&TvsATiiiti'5 Small Maitcal Eiror:iK. 

t&actuDe can be cheap, where the greatest ppsaible efficiency 
«hould at all times be maintained and available, 

The subject of manual engines is throughout treated f n a very 
complete manner, the piogressive steps being well marked, and 
faoDOur given to some who have hitherto scarcely received their 
due, Lseful tabulateil results of the performances of the prin- 
cipal engines at public competitions are given, and enable a clear 
idea to D6 formed of the capabilities of engines of thia class, 



which however goo<i, aa they undoubtedly are, are after all 
secondary iu interest for the engineer to the more effective and 
economical steam-power engines, to which a large proportion of 
Mr. Young's work ia devoted^ and which ia of too much impor- 
tance to be treated in the space available in our present number. 
Wo therefore propose to examine it at some length in our next. 



THE 



INTERCOLONIAL EXHIBITION TO BE HELD 
AT MELBOURNE IN 1866. 

The Colonial Government of Australia have issued a commis- 
sioo, under the presidency of Sir Redmond Barry, to lake mea- 
sures for conducting an Intercolooial Exhibition, to be held in 
Melbourne in 1866, and it is gratifying to find that the effort is 
receiving the well-merited support and co-operation of the 
governments of the various dependencies of the Crown in Aus- 
tralasia^ and of friends and exhibitors in Europe and America. 

The oommissioners remark that, "although the contemplated 
display cannot vie with the splendour of those which excite the 
rivalry of nations, purposes of the highest utilitaiian and social 
importance to those immediately concerned may be thereby aerved. 
A searching and penetrating attention may ho concentrated on 
our mineral treasures, portions only of the bound- 
less stores of which have been hitherto brought 
to light; — ^on improved economic methods of wjnnmg 
them from the earth, and applying them to the ends 
for which they are intended-— on the aouroes of 
wealth which, in their raw atate, abound on the 
surface of our soils, in the rivers, and in tlie watei's 
which encircle our coasta ; — and on the rare excel- 
lencies and peculiar development in different lati- 
tudes, under different conditions of culture, of Ihoae 
products which auoceaaful enterprise has introduced 
amongst us, rendering us already independent of 
many countries, and eoabliog ua to contribute to 
the necessities, the comforts, and hixuriea of most. 
A deliberate C4^mparative survey may be made of 
the results flowing from the adoption of the liberal 
arts happily domiciled in these climes, and the exer- 
cise of those useful maaufacturea which genius, self* 
reliance, and peraevemnce, have established in lands 
80 suitable for their natural vigorous growth. A 
diligent compilation of the statistics of the 
actual products and of the productive capahiii- 
tiea of the different colonies will form a most 
valuable fund of information. 

It is proposed to distribute the objects to be displayed into the 
following divisions: — Mineral products, animal products, vegetable 
products, manufactures and the useful arts, ornamental arts, 
machinery. 

The com mission era particularly desire to JnduQe patentees of 
mining machinery in Europe and America to forward, for exhibi- 
tion, models of their working machinery. More especially that 
class coming under the head of Rock Boring, Tunnelling, and 
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CoAl-Cutting MacluDes. Tbe importance of the mtroduetton of 
such machinery into the colony cannot be too highly rated, as it 
will render productive voat tracts of aariferous land now con- 
sidered too poor to work. In quartz minings which is daily 
affording instances of its permanent character, inventions of this 
aort woidd make such a reduction in the cost of sinking, driving, 
and atoping as would in many instances double the dividends to 
the ppoprietors. The cool-cutting machine would be admirably 
adapted to alluvial minings and with slight modification might 
be used in almost every operation, it being especially suitable for 
breaking out loose and treacherous ground without risk to the 
men attending it. Another kind of machinery it would be 
desirable to have represented would conipriao every invention 
more particularly used for hydraulic mining in Califurnia. The 
ateps now being taken for supplying tbe goldfields with water 
will no doubt cause such machinery to be in great demand, Con- 
sidering the probability of the exhibition attracting from the 
adjacent colonies a large number of visitors, more or less interested 
eitherpractic^dly or financially in mining pursuits, a more favoura- 
ble opportunity could hardly be suggested for such a display. 

The Juroi^s reports at the International Exhibition, London, 
1862, directed particular attention to the great importance 
attached to Australian mineral products; and any who may have 
effected improvements in mining machinery are invited to the 
field which la here open for the disposal of really good workable 
appliances, especially those adapted for boring and tunnelling for 
gold, quartz, coal, copper, and other minerals. The Commis- 
sioners desire to exhibit all the mecbanicid iiiiprovemeuts of this 
kind that cim be gathered together, believing that by so doing 
the interests of the colonies, as well as those of the liome manu- 
facturers, will be materially promoted. Full-sized machinery or 
working models would bo equally acceptable; and as the building 
in which the ©xhibitinn will be held is to become hereafter a 
public museum and department of industrial art, such mechanical 
illuatrations could be made permanently accessible to the public, 
thtiB securing a publicity £^r beyoud that of the few months 
daring which the exhibition will be open. According to the 
wish of the exhibitors, the goods would be thus received for 
permanent exhibition, or at the close of the present one be 
handed over to any person authorised as agent 

jsVlthough the scheme of the Intercolonial Exhibition is strictly 
to encourage colonial productions, the importance of possessing 
the highest class machinery for mining purposes ia a sufficient 
reason for inducing the Commissioners to make this branch an 
exception to the general rule. The models or macliioes can be 
received at Melbourne up to the end of September next. 

The Secretary to the Commissioners is Mr, J. G. Knight, 
F.R.I.B,A., of Melbourne, who so ably represented the Australian 
Colonies at the London International Exhibition of 1862. The 
offices of the Commissiooers are 64, Elizabeth -street, Melbourne. 



JUDGMENT RESPECTING CEHTIFICATES UNDER 
A CONTRACT. 

The following report of a decision of the Court of Common 
Pleas, Dublin, on the 2Dd ult., is of importance to members of 
both professions, engineers and architects, as well as contractors. 
The defendant was Mr. John Bower, C.E., Dublin. The case was 
trietl before Chief Justice Monahan, Judge Keogh, and Judge 
Chri^stian. 

Murphy v. JStjweK 

Their lordships delivered judgment in this case, which was 
orgned last term, and stood over. It came before the court upon 
a demurrer by the defendant to the summons and plaint. It was 
an action by the plaintilT, as assignee of Messrs. Edward, John, 
and Patrick Moore, railway contractors, against the defendant, 
who is a civil engineer, to recover damages for not giving certain 
certificates under a contract. The summons and plaint contained 
three counts. The first, after stating the pecuniary embarrass- 
ments of the Messrs. Moore, and the appointment of the plaintiif 
as their assignee, stated that the defendant was duly appointed 
civil engineer of " The Finn Valley Railway Company,'^ in the 
north of Ireland, and, while so acting, a contract was entered 
into between the Messrs. Moore and the railway company for the 
coustruction of the railway, for a sum of ^22,000, and further 
sums for extra works, payment to be made in monthly payments 
of not less than " nine-tenths '' of tbe value of the work done, 
iMe M^Boe to be paid on completion, on the production by the 



contractors to the railway company of proper oertifieates froni 
their engineer that the work was all done and oompleted. That 
the defendant gave certificates to the extent of about i^l 9,000, 
but declined and refused, when called on, to give further certifi- 
cates, although the amount fairly due on foot of the contract and 
extra work was about £26,000, thereby leaving a balance of aboul 
j£7000 due to the plaintiff as assignee of the contractors. The 
first count complained of simple neglect of duty on the part of 
the defendant ; the second was similar, but, in addition, imputed 
fraud; and the third, which was also Bimilar, charged coUusion 
between the railway company and the defendant. The defendant 
demurred to the summons and plaint, on the ground that a con- 
tract in fact should be distinctly stated, aud that it was not so 
stated that the duty was necessarily imposed on the defendant to 
grant a certificate, and that the defendant was no party to the 
contract, &c. — Their lordships allowed the demorrer, with costs. 
^^Carbw Sentinei, 
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Railway Bridges in the Metrojiolis.— The question of 
from passsiug trains, so much complained of, was recently raised 
between Mr. Scholefield, chairman of one of the Commons rail- 
way committees, and Mr. Hawkshaw. Mr. Scholefield desired 
to know whether the noise consequent on the passing of trains 
over the railway bridges in London, could not in some way be 
obviated. Mr. Hawkshaw gave it as his opinion that this 
exce.^isive noise was mainly due to the construction of these 
bridges being entirely of iron. He stated that this mode of con- 
struction was insisted on by the parochial authorities; but that 
if these bodies would allow the bridges to be made of brick or 
atone, as formerly, the noise caused by passing trains would be 
very little, and indeed, with proper precautions, mlgfit be iJmost 
entirely obviated. 

New Iron- Preserving Agent, — Dr. Henry Edward Francis de 
Briou, a Parisian physician, who for many years has resided in 
England, has discovered aud patented a process for preparing 
from india-rubber what may be designated an "enamel p^nt,- 
which is said to be proof against the action of the atmoepherOy as 
well as against the power of all liquids to a Sect iron. This euam«l 
paint possesses all the remarkable qualities of india-rubbeTi 
without combining with them any other substance or element 
that is calculatetl in the slightest degree to counteract their 
thoroughly efficient operation. The preparation is applied oold 
and in a liquid state, aud in consistency and general appearance 
it resembles such common oil-paint as is ordinarily used for iron- 
work. It may be applied with ease. The covering may be so 
thin that its presence cannot be detected; while it leaves the 
protected surfaces in all their original sharply-defined freshness. 
It hardens also at once, and immediately forms a smooth and 
lustrous enamel-like covering, air-proof, damp-proof^ water-prooii 
and acid-proof. Thus protected the iron is safe. Bust cannot 
ncGumuhite upon the surface of this enamel-paint, nor corrode 
beneath it. — Art JournaJ, 

Archtmiogital Discovert/. — An imprtant discoveiy has just been 
made in Egypt, at Chalouf, a station some leagues north of Suez, 
wliere a monument of Persian origin has long been known to 
exist, A copy of some cuneiform inscriptions found there having 
been sent to M. Mariette, that gentleman inferred from certain 
indications that a portion in hieroglyphics must still remain 
below the suiface of the soil. He accordingly communicated 
his conjecture to M. de Lesjseps, who ordered excavations to be 
made, which brought to light a translation of the cuneiform 
writing in Egyptian hierudyphics. The stone bearing this 
bilingual inscription, which belongs to the reign of Daritia, will 
shoruy be conveyed to the museum of Boulac. 

A Rotary Rock Boring i>rt7?.^ Among tbe patents reoentl 
issued at Washington is a rotary rock-boring machine, whii 
consists of a drill composed of a number of scolloped cnttinj 
wheels, arranged in a common head, on axles passing throng] 
said wheels at right angles, in such a manner that by giving 
the head a rapid rotary motion, the wheels will cut into 
ground or rock aud produce a cle^ir hole. The dirt is rai 
the action of a spiral flange, secured to the outside of 
rod, guided by friction rollers. A stream of water is 
pass coDtiuually to the bottom of the hole through the drill 
which is made hollow for that purpose. Much oithe dirt is th 
removed. The machine can be applied to ordinary rock driUin 
or well borinjj. 
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Teas by Tcar, the hold of arcliitecture upon the Eoyal 

^"^ — rjr, and upon its ** Exhibition" jn ijartinilar, appears to 
gradually and hopelcHsly IcHgeniiiff. We hare on many 
oceasions alluded to tliis fact, with the hope tJint, if the 
Acmdcmy as a body did not change it-^ mode of pro^eedinfij, surh 
of its members as belong to our profession mitfjit be atimiilatod 
to, at least, an open protest, which, baclied as it would doubt- 
Icsn he by the efforts of \esi^ privileged men out of doors^ could 
h&rdly fail to ensure some moiv worthy recognition of an art 
which, with sculpture and painting, has an eanal claim to consi- 
diTation. if only on the ground of the original Boyal Charter to 
the Institution. Grant^'d that the demand for, and interest in, 
histoncal pictures and landscapes h greater than for the more 
eonrentional and homely productions of scnlptiire or arcbitec- 
tnre ; yet surely, after making every allowance, the preponder- 
ance* ig far too great when wo find that, out of 1 ,053 subjects 
exhibited this year, 798 are deroted to painting, 214 to sculp- 
ture, and only 40 to archit^ctxire I We arc quite aware of the 
diiBniltv as regards finding spaee in the already too crowded 
rooms, but we plead for a more just tlistribution of that space, 
and shall look forward with hope to the inthience of the newly- 
elected "Professor** of Arehiiceture, and tlio newly-elected 
*' Associate," to bring about a better state of things for the 
future, be the ultimate destination of the Academy Burlington 
House or South Kensington. 

The first architectural work in the catalogue (701) is ** Hoddes- 
don Church,'* as proposed to be altered by Mr . J. Clarke, wliieh wiH 
be quite deprived of its localism by the strange transformation 
in its appearance — not, to our mind, in the best of taste ; and 
the pack-saddle roof to the stilted tower adds to the uo^atisfae- 
toriness of the composition, (762) deserves a b<*tter plac^ on 
the walla ; hune where it is, it is next to impossible to appro- 
date what evidently is a moat painstaking dniwag, wcD de- 

"^ ^ and effectively finished in pen and ink, giving the 

sed Improvements in the Chancel of a West*end 
," the architect being Mr, Charles Gray. It will be re- 
membered that one of the memorials determined upon in 
IwMJOur of the late Lord Palmerston is the reproduction of the 
eastern chapel of Eomsey Abbey, which h close to his late 
lonhdiip's residence in Hampshire ; and that this has been en- 
trostea to Mr, Ferrcy, who, in (763), gives a view of its in- 
tended external aspect. Inasmucli as the form of this addition 
wa« determined by the original foundations, and other features 
have been determined by " remains recently excavated," there 
is not much scope for remark. It may, however, be observed 
that the arrangement of the east end — two tliree -light windows, 
sepamted by a buttress, and under an almost fiat-pitched roof — 
is peculiar; and the detads appear very simple and homely 
througbout. Within the bidldmg is to be placed a recumbent 
fignrc of the late nobleman. 

A *' Memorial Window to His Eoyal Hifflinesa the Duke 
of Kent," now executing by command of Her Majesty the 
Queen (764), does not state iH destination. The artist, Mr. 
Hughes, has adhered more to the pictorial style of treatment 
than legitimate glass painting admits of; hence breadth of effect 
and transparency are almost entirely wanting. The City Archi- 
tect, Mr. Horace Jones, displays, in a beautiful rlrawing (765), 
an interior view of the renovated Guildhall, which in the cata- 
logue is described as *' restored/* The chief new feature, in- 
dK^d almost the only one, is the roqf, of the Westmioster 
Hall Idnd, and very good ; but how far it is to be understood as 
folio wi»ig the design of the cotemporary roof of the buildmg it 
inii^ht perhaps be hardly safe t^ inquire, Messrs* Belcher *g 
"Koyal Insurance Bxnldinga " (766) are among the handsomest 
itkd most sensible of the many large bmldinjjjs erected of late in 
(he caty. The style m Italian, freely treated, and well balanced 
in its parts. Aavantage has been taken of its situation at the 
eorner of a street to gain a noble entrance on the canted angle 
of the building. In odd contrast with this picture is the next 
(767). which bears the honoured name of " C. Barry,** but la 
"iseTtJiinly not much like what the C, Barry would have produced* 
WliO does not know the rural attractions of Dulwich, and the 
Ijictorial attractions of its ** Gallery," in the architectiire of 
wliich may be detected many of Soane's whimsical conceits P — 
but who would have supposed that the famed ** Dulwich Col- 



lege '* woidd ever give place to so shapeless and disproportioned 
n OTiilding as that " now in course of erection " by the architcet 



we hare jusft quoted P The detail, moreover, seems not a whit 
better than the outline, bein^ of that peculiar kind once described 
by a well-known art writer as *' pestilent.*' More satis- 
factory by far is Mr. E. M. Barry's? design, submitted to Govem- 
nientrtbr the completion of the >f ew Palace at Westminster, on 
tht^ removal of the present Law Courts, and which h shown, in 
(768, 775), in plans, elevations, and sections, though, unfortu- 
nately, to a very small scale. It is apparentp however, that the 
general character of the late Sir Charles Barry's work 'will be 
conscientiously followed in these adihtions, which embrace, 
among other things, a large quadrangle between Bridge-street 
and ISew Palace-yard, nlso a subway from the House of Com- 
mons to the Thames Embankment, and to a new railway-station 
on the north yide of Bridge- street. The latter is proposed to be 
Gt^thic, in harmony with the rest ; but it would surcdy beaUaw- 
able, if not desirable, to break this monotony by designing the 
station in an entirely different stjde, especially as the adjoining 
building already sniffers much from over-repetition of parts. 

Mr, W» White sends (769) thcperspeetire view, which should 
have acoonipanied his geometrical drawings, of his ** New 
Church, Aberdeen Park, Highbury," to the jtrchitectural Exhi- 
bition. The grouped effect is qiute what might be anticipated 
from the scale drawings, and we regret that, in the too great 
straininp^ after novelty, so much that correct tnste would have 
expunged has been permanently identified with the buildirig. 
The largest and most important of the architectural pictures 
is (771) Mr. H. Currey's *' Design for the New St. Tliomas'a 
Ho.s^ital," which is to be erected at Stangate, and on the banks of 
the river, facing the Houses of ParUamenL This budding will be 
remarkable for the extent of area occupied, and for the clasai- 
fientiou of its internal arrangement g, m confoiinity with the 
most approved sanitary measures and complete system of venti- 
lation, which give a cli-stitictive character to the effect of the 
whole by no means impleading. The fa^de of the New Free- 
masons' HuU, now approaching completion, in Great Queen- 
street, and one of the most original as well as successiiil of the 
modem structures of London, is well shown in the drawing 
(773) exhibited by the architect, Mr, F. P. CockerelL In its 
details a more purely classic type has been followed than is 
usual now-a^days, yet not without some judicious variations. 
cspeciftllT in the introduction of various symbok and devices 
identified with the Masonic crafl. (774) shows another of the 
many comprehensive schemes which have been before the public 
for a viaduct across the Hoi bom YaUey. The design be tore us 
is by Mr. Horace Jones, and appears to Iiave been studied with 
care and judgment. The question of cost might operate as a 
check to its being carried into execution, but it is high time that 
decisive steps were t^ken to improve the locality in some way or 
other. In (776) we can can hardly realise the " Parish Church, 
Leamington," as proposed to be altered by ilr. Street, The 
building, as it exists, was designed on an amnitious scale by the 
Vicar of Leamington — ^en amateur architect — and is based very 
much upon Continental examples. It has. however, never been 
finished, although suggestions innumerable have been .sought 
and obtained for the purpose. A PalJadiaii design, on an exten- 
sive scale (777), exhibits Mr. H. Jones's excellent design for the 
"Metropolitan Meat and Poultry Market," proposed to be 
erected at Smithfield. which we should be glad to see erected on 
the game site. Both the plan and thf elevation (Palladian) are 
much to be commended, Mr, Marrable's *' Chancel of St. 
Peter's Church, Depttbrd," (778) is, fortunately, hung so high 
that it might pass unnoticed but for its glaring colours, which 
show out sundry architectural features deserving more of 
the blame than the praise of norelty. It is a pity that such a 
drawing should have found a place here at alb when so many 
more meritorious works have been excluded for **want of room, * 
*' St, John's College, Hurstpierpoint," (779) by Messrs. Slater 
and Carpenter, is a fine interior view of a good budding. The 
proportions generally are very satisfactory, and the fittings are 
desipied in harmony and good keeping. 

Views of the two chief designs for the ** New IVIidinnd Bad way 
Termimis and Hotel," to be erected in the Euston-road, St. Pan- 
craa, are exliibited side by side in (780^ 789) ; the former lieing the 
one selected, and about to be carried out, **with some modifica- 
tions,*' by Mr. iScott ; and the latter, by Mr. G. iS. Clarke, having 
received the second premium. There is, at first sight, a degree of 
eimilarity between tliese two designs, so far as the massing is 
concerned, and that each is treated&s a mask or screen, whim in 
no way identifies itself with the ordinary aspect or purposes of 
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a TBilway ; the boildingB themselTes being on so gigantic a sade 
Hist even the arched opproachof to the teraiiniuj in the rear, 
[ tlioaeh largo tn tbeniscdve?i» are comparatively lost in the coni- 
Ipontion, and wc can stmplj wonder at the requirements of the 
Ftoer after tier of window-^, and lament over detail.^ repeated 
kigain aod again with tiring monotony. In the absence of aeconi- 
5 plan.«» we can make but tfiis brief reference to general 
Sttpposing that the geometrical drawings would have 
inadmissible here, it is a pity- that they were not for- 
rwarded to the Architectural Eihibition* where, in common 
with the others, they might hare been studied ^-ith ad- 
?antagc* Mr. Norton has not been very felicitous in hia 
*• Imperial HoteU Southampton" (782), which, though a large 
building, is poor in design throughout. Two mansions by 
Mr. Kerr, viz., *' Ford, Snrrey" (7S3). and '* Bearwood, Berk- 
shire" (799), are cleverly designed, though perhaps there is rather 
too mtieh aiming at quaintne^js. They are ehiefly in red brick, 
with stone dressings, and in the Elizabethan or Jacobean style. 
**The ^ew Chapel of St. John's CoUegc, Cambridge." now in 
course of erection from the designs of Mr. Scott, h shown by 
Mr. J. Drayton Wyatt in (788). A view of this building, a^ 
first designed. app<ired in a former number of this Journal. 
There is now to be, in phice of the small ildehe at the inter-iec* 
tion of the church with the ante-chaDels, a lar^e central tower. 
whSch will be carried up to a great neight. and thus supply a 
feature hitherto almoat altogether wanting among the cdinees of 
Cambridge. ** Scarisbrick Hall" (790) was erected partly by 
Oie late Welby Pu^jin, and has been completed in good taste by 
his son. The drawing in question hardly does it justice. 

W© next notice a beautifid little drawing by Mr. H. W. Brewer, 
of ** St. Gereon*s Church. Cologne" (794) ;" while some careful 
views of ** Feller's House at Nuremberg/' the "* Baptistry at Pisa^" 
and the **Mittel Schloss, Maricnburg,'* are contributed by Mr. 
Spiers, Miss G. Wilkinson, too, exliibits an elaborately finijshed 
interior (781) of the *' Hall of Ambassador* at Alcazar, Seville*'* 
The "City Terminus Hotel and Eailwaj Station in Cannon - 
street, London,*' by ]Mr. E. M. Banyt is merely a simplified 
Tcr?(ion of his Charing-cross Hotel and Station^ the arrangements 
appearing to be almost identical. In the Architectural Exhibi* 
tion will be found geometrical drawings of Mr. A. M. Eidge's 
premiatcd •* Design for a Hall of Science and iVrt," the perspec- 
tive view of which is here given in (797), It is drawn vei^ con- 
scientiously in ink -etching, and is deserving of the distinction 
which it has gained! 

In the Scidpture Boom will be found a liighly interesting 
model, to a large scale (one inch to a foot), representing the pro- 
posed embellishments to the apse of St, Paul's Catbcdral, as 
designed by the h*urveyor to the fabric, Mr. Penrose, and exe- 
cuted by ms pupil, Mr. E, P. "Whellock. In Wren's ** Paren- 
talia" is the following note : — " The painting and gilding of the 
arches of the east end, over the communion-table, were intended 
Oiily to serve the present occasion, till such time as materials 
oomd have been procured for a magnificent design of an altar, 
OODsisting of four yjillars, wreathed, of the richest Greek marble, 
supporting a canopy, hemisphericnl, with proper decorations of 
architecture and sculptnre, for which the respective drawings 
and a model were prepared." The figures in the windows are 
after Prc»fes?or Schnorr; tho^e oecarring in the mural decora- 
tion h arc. for the most part, after the liaron de Triqneii. The 
baldacbino is restored 6om a mutilated model left by Sir 
Christopher Wren. 

THE EXeiBITIOK OF THE SOCIETY OF BBITISH 
AETISTS. 

Thb pleasant galleries in Suffolk- street are again busy-looking, 
with the well covered walls and bright-looking picture* of their 
Annual Exhibition : tlie older and well-known members muster 
in full force — J. B. Pyne, Syer, Cole, Petti tt, Tennant, Clint, 
Woolmer, and others, whose speciahties of subjects, and mode 
of treatment, rt^nder the works of each readily (Ustinguishable. 
Chnt'-s simsets are as brilliant as ever, Pyne's perspective aa 
srial. Cole's harvest scenes as truthfiil. Pettitt's as noble, and 
Wooimeri as fanciful as usual. Where there is so much to 
attract attention, it is not easy to particularise ; but, besides the 
productions of the artists just enumerated, there are some 
chamiing contributions by G, Wolfe, JlayUar, Gosling, Warren, 
t^ti* hte H. J. Boddington, Mrs. Curwen Gray, Miss Loiuaa 
J^^i/e*r, sad others. 
It w, however^ mere within our province to refer to the 



architectural subjects, which arc numeiyms. especially in tJiol 
water-colour room. Thus Mr. Wyke Bayliss exhibits four ' 
pictures of this class, all taken abroad, and including a good 
view of tlic ** Choir and Transept of Antwerp Cafhedral " (873)« 
and a stiU better drawing (920) of the *" Tabernacle in Louvaiii 
Cathednd." The ** Interior of Lierre Cathedral '* (790) strikefl 
us as less happily managed, although the sale price is put doira 
at a large figure. As a bit of correct,* unpretending ooloacinj^, 
nothing can bo better than Mr, H. Hawkins's *• Int^'rior of 
Eddelsborough Church, Bucks " (817) ; while equally faithful, 
and more picturesque, are Mr. S. S. Boden's ** Old Cottage ai 
auddingboid, Sum^ " (932), and his •» View of the A'lllage of 
Chiddingfold " (957), " Ogmore Castle, Glamorgan ** (853), by 
Mr. eTw. Bobinson, is nicely handled ; and so are ** Ai'undcl' 
Castle" (882), by Mr. C. Pyne, and "All Saints Cburdw; 
Hastings " (938), by Mr, Dakin. Mr. Dobbin, in his ;*Oitf of 
Prague" (940), gives a very careful and interesting bird's-eyo 
view, embracing several well-kno^-n buildings. Thia drawing 
is in every way superior to the larger one by the same artist 
(1035) representing the exterior of " Seville Cathedral," tlbo 
effect of which is liard and hnj. So also his *' Archbiahop'a 
Palace at Liege " (948) has little of interest about it except me 
curioas outline of the pillars which form the support to the 
cloister round the quadrangle. (969), a large drawing by 
Mr. J. C. Swallow, shows the ** Palace of the Stuarts, York,'* an 
edifice built by James l-^t, jmrtly on the site of the Abbot's Houso 
and the Lord Protectors Palace, while the materials were chiefly 
supplied from the bcautitnl St. Mary's Abbey, close atljoining. 

Mr. W. W. Peane has a fine interior view in oil (343) of 
**St. Mark's Venitv/* while Mr. W. Henry exhibits (316) the 
everlasting ** CaveUi Palace and Church of Sainta Maria Bellm 
Salute." Miss Lc«iisa Rayner sends* as usual, painetiiking and 
eflective studies from ancient buildings (1074) in some *" Old 
Houses! in Edinburghy and (411) is "Rossfyn Chapel," an 
interior view, interesting as having been the last view ]iainted 
on the spot previous to its reator&tioii- 



.ULROYDOi^, KEAR HALIFAX, TOEZSHIRE. 
( With M^rMfimfft.} 

AjkBOYTHJN is a viHage in the suburbs of Halifax, which 
rives its name from its feunder, Mr. (now Colonel) -Ikroyd, M.P. 
at whose sole expense the neighbouring beautiful Church of 
Souls'. Haley-hifi, was erected some years ago. The arrang< 
ment of the buildings at .-ikroydon has been based on a well-' 
studied and convenient plan, embracing every essential to tbo 
health and comfort of its Lnhabitanls ; and the undertakinj 
which has proved in everyway successful, is now in a forward stal 
of completion. The general scheme of the plan m^ be d 
scribed as occupying a rectangular area of about 800 u?et d< 
by a frontage to the main road of rather more than 600 feet. 
consists of a double row of dwellings on three of the sides, and 
of tliree parallel rows on the side towards tlie north. The 
ground slopes rapidly from ea^t to west, and tlie centre of the 
quadrangle will be railed in and turfed, and there will be Mm 
handsome fountain at the intersection of the cross-walks 
the buildings are being carried out in tho most substantij 
manner, and with dne regard to correct, though simple, extent 
cffct't. The designs, in some respects, vary in tue diflTerent 
blocks of buildings, but those which we have selected for Oli 
tnition will give a good general idea of the whole. ITiei 
plates form part of a series illustrating a thoronghly practic 
volume on *' The Homes of the Working Classes," by Mr. . 
Hole, whicli was reviewed at scime length in the January an 
February numbers of this Journal for the currt^nt year, and t 
which we may refer for additional particulars. The aceompair 
big illustrations have been kindly furnished to this Journal c 
Colonel Akroyd, in answer to a special request, ina^tmueh as n 
arc anxious to bring to notice, for general application, the varioi 
improvements made from time to time in that important nation 
consideratic>n — a working mjm's dwelling. The problem whii 
Mr. AiT<:)yd set himself to solve cannot bo better stated t^ 
in his own words : — 

How a limited outlay of capital may materially assist in railing 

feneral itaadord of workmens' hauaet in any locality to an extent 
eyond the originfil capital employod. 

Thia problem Mr. Akroyd solved by availing Imnsr'i' 
advantages ofiTercd by an excellent budding soelety in ' 



i 




f 



TVl fcs^ t..SK 






^•^^ Fry... ^ ^9tlO 



'"Of 



VD, 



^'•'OA,^ 



MvifUtsm] 



THE CmL ENGINEER AND AJaCHITECT\S JOURNAL, 



187 



«r« f»tlier» he supplemented tliem bj an orraiifljetnent calculated 
warj materially to increase the benefit-? wticK sucli societies are 
capable of coriierring. His plan was this : — 

To purchaao a Hnitablo plot of land for ft building site ; to obtain 

Ipa from an able arcbitoct for building blocks of dwellings^ eight or 

to eacb ; and to find parties wbo were willing to take np each 

bIcKik, forming themselves into a Building Awooiation for 

tporpOM, in connection with tbo Halifidx Permanent Benefit Building 

SDoktf, wl^oh would advance thxee-fourtho of the capital required. 

Mr. Akroyd bought a suitable plot of land* obtained designs 
aot only exeeUent in a sanitary pomt of view, but also arclxitcc- 
tumlly beautiftil. He undertoolc to provide plans, to defray all 
expenses connected iritb the eoutracts and supervision, and to 
gyiTaoteo the fulfilment of the contract within the estimate. 
toiese were liberal concessions ; but a more important one stiU 
remains to be mentioned. WTiere tbe purchaser h of good cha- 
racter, but unable to advance the one-fourth of tbe pnrehase- 
mcraey, the payment to the building soi^iety is spread ovcrfiileen 
rears- instead of twelve years ; iind Mr. Akrojd guarantees the 
fcrst three years' subscription to the building {society, after 
^rliich his i^arantee ceases, as the building society then p08sesscs 
sufficient security against los9, in the mortgage of tbe property. 

The first two blocks ercoiod oomprifie eighteen hoosea, which vary 
B&fttenally in the cost, Upon the onginal plan there wore provided one 
living-room, 15 feet by 13 feet; an ftditlt bedroom, 15 feet by 11 feet; 
«nd a muU bedroom, 1 1 feet by <3 feet 6 inohes, with scullery or wwih- 
Itttobcn under. All are single houses, solidly built of tbe stone of the * 
•cwmtiy, and cohered with blue slate, presenting a neat, pleasing exterior 
(ma platee 32, 23, and 24). At tbe back of each bouse is a small yard, 
with aah-plaoe and convenience, to which there is a separate back 
CBtmace. Water, for general purpoaes, is auppliod in pipes to ererr 
liotaae, uid the proper drains have been carefully laid down, witn 
*aait4try tubes* Gas, frojn the borough, is also conveyed to each house. 

Tlie number of dwellings erected up to this date is 35, 
irieUiding a large and commodiouK store, the property of the 
K«.lifax Co-operative Society. Tlie dwellings erected are in six 
biof^lts. and are of several cla*«ses in each block, varying in cost 
nosEt £136 to £460. The £136 represent the No. 4 ck5s. the 
«^<6€theNo. 1. The intermediate cost is £154, £190, £320, 
^S-^tfO, £330/' Of the pecuniary success of the scheme Mr. 
Abr*x)yd thus s]>eaks : — 

^ ^^ has been already intimated that this olaas of model dwellings 

^'^^^'-l. not pay as a commercial speculation. The proprition have no 

to complain if they can realise <5 per cent, upon their investment 

a houso 40 t^/l and iuhstantiallff built that for miiny years the 

of repairs will be but trival. But I candlly admit that the 

\t$r or iandowntr tuilt »ustuin « lou on the first blocks, besidea 

_ the land required for the streets. This is not suprising. At 

Dt the working classes are so little accustomed to a r«ally good 

^^^^Lse, of a pleasing cdevation, and fitted up with every convenience, 

^?^t they are unw^ling to pay the inoreaaed cost I was prepared for 

^^^-« result i and therefore offered a premium to the proprietors of the 

^^^ t blodu, to secure their erection after my own design. I am 

T^^ignine that the houses will advertise themselves, and obtain such a 

T^^^ta] as will enable mo to nroteet myself from material loss in future 

^<>cks, and yet insure to the proprietor or member a good return for 

^a« outlay. 

Mr. Akroyd sn^jgests that under this system the mmufioent 
^nation of £150,000 hy Mr. Peabody to improve the dwellings 
C)f tbe poor of London, if thus supplemented by benefit building 
societies to tbe extent of three- f«:rtirth-s of the value, might have 
Vrn nwde the means of buUdiug four times the ainouut of 
bouses, assuming that a sufficient number of working men could 
hi" fouud to take up the dwellings. 




PAi:?^TED DECORATION.* 
By Mb* S. Fishbb. 
BxjORi commencing a description of the various method?* 
snd matariala employed in painted decoration, I wish to refer 
to painting as a branch of the building trade, as this and 
decoration are so ultimately connected that it is worthy of more 
oODsideration than it generally receives, especially since in the 
praaeiit day the greater feeling which prevails for art in eTcrr 
ah&pe induces us to imdertake work which we think worth 
pppserving ; whether posterity wiU be of the same opinion with 
rrgard to what we do is a matter of uncertainty; but, as 
Mr. Burges has said, one of the acts of the nert generation wUl 
be to destroy all the painted windows eiecuted in this, other 



departmenta of art-workmanship can hardly be expected to 
entirely eseane. An opinion is becoming very general that 
most of the ouDding trades bave deteriorated m quality, and 
painting, as one of themr is not so well executed as it used to be. 
Anyone who is accustomed to observe these things feels that 
this is really the case, and I believe that one of tlte principal 
causes, if not the cause indirectly, of such falling ofi^ is to be 
found in the modem system, of contracts. In the old times 
builders were not the agglomeration of various trades in one 
person that they are now, but each craft carried on an indo- 
pendent business, and bad for its bead a man who understood his 
work practieallv. t<x»k a honest pride in it, feeling surt* that its 
excellence woufd be recognised, and trusting to that for increase 
of business rather than to lowness c»f pric^e. hence the infinitely 
better work in every department than we have often the oppor- 
tunity of seeing at the present time. A master tradesman in 
any particular branch used to be a person of some little im- 
portance, and that within the memory of people not past middle 
age; but now, except in an occasional instance, he is either a 
builder himself, in self-defence, or must be content to become a 
builder's subordinate. The contractor can seldom be master of 
more than one trade ; he can, however, sTirrouud himself, and 
mostly dops, with eorapt'tent foremen in other branches; but it 
is impossible that these men, who, but for the contracting 
system, might be masters themselves, can feel the same interest 
in the work they supervise as they would if personally respon- 
sible. 

Tlie system maj hare Its advantages, but chiefly for the 
builder, I thinkt if they are carefully considered. It is an 
advantage to know the cost of a work Dcfore undertaking it — 
about this there can be but one opinion — ^but this is surely as 
easy to ascertain, by casting up three or four amounts in an 
architect's ofllce, as it would be by the same process in n bwldcr's. 
It i*^ thought to be an advantage as regards cheapness, but 
tbat I hope to be able to show is a fallacy, for the builder gets 
fully as much profit out of the trades collectively as would 
compensate a master tradesman in each deportment ; or when 
he contents himself with less, the difference is more than made ^ 
tip by the extra cost of bis labour, which is necessarily mora ■* 
expensive than it would be to a practical man who wa« per- 
sonally interested. When contracts arc sub-let (a common prac- 
tice) the profit is divided between tbe sub-contractor ana the 
builder ; the latter, though in this case a mere agent, taking the 
lion's share, as anyone wbo has been compelled hy circum- 
stances to undertake builder's work I am sure would testify. How 
is it then to l>e expected, when any credit to be obtained from 
the work is entirely ignored, and a large proportion of the 
legitimate profit finds its way into another person's pocket, that 
a man sliould care for doing more than the letter of nfs contract 
compels him to, just getting over hh work, and that with as 
little eo«t as possible H The architect finds it very likely less 
trouble to deal with one man than half-a-doxeu ; and tlus saving 
of trouble has had some influence, doubtless, in creating the 
present almost universal system, joined to a belief in the neces- 
sity of having a middle-man or capitalist — which is the position 
occupied by the large builder — ^to take the reponsibilitj^ of im- 
portant works, as if there would be any difficulty in finding 
men who practised only one branch of industy sufficiently stable 
to undertake works of any magnitude. Very likely there are 
other reasons which vrill sugj^st themselves to rou as being in 
favour of the modem practice; but if nearly afl good and eon- 
acientious work is to be sacrificed for them, a return to tbe old- 
fashioned system of dividing contracts into various trades would 
be a step in the right direction. 

The methods of painting in common use are only distemper 
and oil-colours, and for ordinary purposes one or otucr of these 
mediuDis is tbe best tbat can oe employed; but for works of an 
ornamental eliaractcr there are others much, I think, to be pre- 
feiTed. Distemper painting is too easily injured and affected 
b^ externa I moisture for permanent work; internal dam^, that 
arising from the structure of the wall, is fatal to every kind of 
painting without exception, and oil has so great a tendency to* 
darken, in any but a very whit^? light, that purity of colour in 
sure to be destroyed. In painting woodwork, oil cannot very 
well be dispensed with, but for wall and ceiling work there are 
three other methods available — Fresco. Water-glass, and En- 
caustic, With regard to tbe first, there has been a great 
deal of eontroTersy, and opinions are still very much divided 
as to its suitability ; certainly the examples we have of T 
art work in frese 
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where, ue not ealcoklied to inqprnt iu rerj farottrablj 
witli this method, btti under certaui drcuinstAaoea it b a 
▼eij Takimble ooe — for covering large sui£aee& with merelj 
diftper p&ttenu, there u a superiority of texture about 
fresco to anjr other medfmn. With a dry wall to start 
with, and proper precautions being taken with reference to the 
lime and sand to be employed, when GarefuUy executed. I 
beliere it wiU last as long as the plaster, I hare tised this 
method largeljr for some jears, and nare great confidence in it 
as an bcxpensiTe and effectiTe means of decoratins in a simple 
way the waOs of diurchea, or for halls, eorridors, iic., m 
pirate houses. But as soon as anything more than mere diajper 
IS wanted — ^and hatp|itly these occasions are becoming more fre- 
quent^ — the difficulties of fresco-painting commence ; the small 
number of colours that may be really depended on to withstand 
the action of Ume, cramps the artist in his design to begin with. 
The necessity of fiimhmg erery part of a day's work to the 
minutest detail before proceedmg to the next, renders it im- 
possible to nmke any alteratioa as the painting proceeds ; and 
there are Tery few artists who wotild not eonsider it an advan- 
tage to be able to return and tone down, or alter certain portions 
of their work ; but rctouchinga are nnpossible in fresco, except 
a.t a sacrifice of all trsiisparencT. 

Possibly a great artist would make light of these difficulties, 
but he needs to be a really great one, and he wants a means of 
decoration that can be employed by one of more moderate 
calibre. The establishment of Schools of Art throughout the 
cotmtr)% by placing the means of education in drawing and 
painting withm easy reach of eTeryone, must ultimately result 
m famishing ua with artists able to execute deconitiTe work of 
a higher cl&is than we have been in a general way accustomed 
to ; and many persons who would have looked upon the clever 
imitation of woods and marbles as the ^atest result to which 
an ornamental painter could arrive, will, in consequence of these 
facilitiesj become capable of producing something more worthy 
in an artistic sense. 

It must be understood that I am not endeavouring to imder- 
rate the sldll of our best imitators of wood^ and marbles, for 
Bome of them execute work which h so beautiful as almost to 
justify us in preferring shams to truths, and altogether difierent 
to the vulgar work we see so much of ; only it must be admitted, 
without entering upon the question as to whether imitations are 
allowable or not, that there are, or should be, objects in deco- 
ration which the best imitatire painting will not supply. 

It is rather curious to note that Uie rise and progress of 
training and marbling have so nearly kept pace with that of 
false aii in other ways, such as architecture in cement, and oom- 
Dealment of construction generally. This art, in its perfected 
state, is of very modem date. There used to be a process, called 
graining, which was extensively employed in house-painting 
m this countrjr from the earliest times, which was perfectly 
guiltless of bemg an imitation of anything under the sun ; ana 
some such raeaus nuiy have been used by decorators during the 
iMSt periods of art, merely as a suggestion. But it remained for 
OCT generation and country — for it is peculiarly an EngKsh art 
— ^ adopt it almost to the exclusion of every other- About 
seventy years ago, the idea appears to have struck the decorative 
painters that they micht improve upon their work by making it 
more natural; and tne first attempts at this were so highly 
appreciated, and exceedingly well paid for, that a race of artists 
sj»rung up who each improved upon his predecessor, until that 
which was originally a clumsy, conventional imitation, and 
pretended to be no more, became an exceedingly clever work; 
for, though it has become somewhat the fasmon smce the 
Benaissance of Gothic to despise graining, to execute such work 
well requires great patience and skill and a fine eye for colour — 
the same qualities which, directed by the Government Schoob 
of Art into another chatmel, wiU develope into a class of artists 
able to compete ivith those of any country or period. Supposing 
that ail the manipulative drawbacks of fresco could be easily 
surmoimtcd, there stiD remains the unfortunate fact that it has 
not yet been made permanent. The earliest fresco- pain tings in 
any pnbbc building in this country of wliiek we have any 
acscount art^ those by jlglio, in the chapel at Moorfields; they 
consist of, or rather did, an enormous picture of the Crucifi3tion, 
occupying the entire space of wall at tne ea^t end of the church. 
This was painted iu 1820. in fresco, and was a very ivw years 
aflerwards, repainted in oil colours, in conseouence of the tresoo 
pmture slmast entirely dimppe&rmg^ This oil-painting was 
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obliged to be restored by the onginal aartist in 1837 i and, 
the chapel beinc repaired eight yean ago, it wma deaned and 
Tarnished* and has now a glossy sur^Mse, wlddi nwgmfiwt all tKa 
irregularities of ihe plastered waU, and completely destroys tb» 
efect of the picture m most lights. And the ceilmg, which waa 
painted at the same time as the first work* and anpears to haTe 
oeen left in the orimnal treuio until ei^^yem haat» wheiif \mng 
almost indistiDgui^ble, it was deaned and rettored in distemper 
colours, and in as coarse a manner as could weD be coneetv^ 
The painting on the east waU is an excellent exainple of how 
unsuitable a medium is oil for mtiral painting, th iui; 

evidently veiy diflerent to that intended by the ari id.t it 

had when first painted. The beautiful figures at AJXSdaiA' 
Church, painted by the late Mr. Dyce, were, two yean uo« 
obliged to be repaired. These are painted upon a thorooguly 
sound and dry wall — ^the temperature of the church must be 
tolerably equable — and we may fairly conclude that every pre* 
caution that oould be thought of was taken to render tnem 
permanent ; but the fact that a restoration was necessary kj 
soon after they were painted, taken in oonneetion witli the itate 
of the frescoes at Westminster, is a rery oonvinring proof thai 
the process is not a suitable one for us. There is a Terj 
fine picture in fresco painted by a German artist, whose name 
I have not been able to ascertain, over the chancel arch of 
the Church of the Bedemptorist Fathers, at Clapham, 
shows unmistakable sig:ns of decay, and that has neen 

only some ten or twelve years. Therefore, that the 

euj^aged at Westminster are justified in abandoning a method 
which has been proved unreliable is without doubt ; but 
that, in employing water-glass, they have fixed upon one 
which is in everv respect better is, I think, by no means so 
certain. This venicle is as regards its permanence really yet an 
untried one ; and that it has been found to stand in Germany ii 
no proof that it will do so in our moist climate, and even there, 
about 20 years is the extreme time-test to which it has been 
subiected. The first experiments in the manufactnie and 
application of this vehicle to painting were made public by 
Dr. Fuchs in the year 1825, but at that time did not appear 
to attract much attention; and in 1859, an elaborate adid 
exhaustive description of his invention was translated by 
desire of the late Prince Consort, and oubh shed in the Joumii 
of the Society of Arts, which was the urst time public attentica 
was called to the method in this country. \ 

The process of s tereochromic painting — as it was named byl 
Dr. FucTis — found to be the best, is to paint upon a plastered, or 
other absorbent surface, in colours mixed with water only — that 
is, without iiizQ or any adhesive medium, and, when the painting 
is entirely finished, to saturate the work by means of a syringCi 
perforated with a number of small holes, m order to ^et a very 
finely divided stream, with a solution of water ghias, tiH absorp- 
tion ceases ; the more absorbent the surface painted on, the mord 
perfect is the operation. It has been found impracticable ta 
employ it in the manner of any other vehicle, by mixing it with 
the colours, on accoimt of its stiflening the bru^h, ana settine 
before the painting could be accomplished by the most rapid 
execution. The result is really a water-colour painting whicli 
will bear washing ivithout injury, and resembling fresco, ex- 
cepting in the luniinouK quality so peculiar to the latter ; but 
whether it will remain witli that desirable property we have yet 
uo adequate means of judging with certainty. If some of the 
solution is placed in a shallow vessel, or spr^Eui upon gl&^s, and 
allowed to dry, it will appear at first like a coloimess vamish« 
and extremely hard ; but after the lapse of a few days it seema 
exceedingly sensitive to atmospheric changes, becoming in damp 
weather perceptibly soft, and covered with an cffloreseenoe ; it 
is also aiter a short time serai -opaiiue, or milky in appearance. 
In a state of fluid, the constituents of water-glass have a feeble 
affinity for each other, and are so easily acted upon by acids, 
that the smallest quantity oddec) to the solution will immedi* 
ately precipitate the silica in the form of an opaque white sub- 
stance, thereby destroying aU the fixing qualities of the fluid j 
and whether the carbonic acid with which the atmosphere of aU 
public buildings is so higlily charged will not by slow degrees 

Produce the same effect is a question that time only can decide, 
his soluble alkaline silicate — as it is chemically termed — " 
really the fiarae composition as glass, with just so much alkali 
excess as renders it soluble in water in tne first instance, 
imdergoes no chemical change upon its application to thejpatnl 
ing, therefore the same influences must always aflect it» tnoogl 
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pwhaps in a less degree, and it is a matter of graye doubt 
wKethcr it irill be foiind ultimately more durable than fresco. 
The Tarious inventions for tlie pre serration of stone are all 
iwdogoua to the water-f^laas of Puchs, and whutlier the end 
wught for is obtained by any of them is yet a yl'tv andeeided 
question. There is one use made of water-glass whieli I think 
an hardly have been eonteniplated by its inventor, namely, the 
adoheratioii of soap, for which purpose it is largely manufac- 
tured in thiis country* 

The third method, and the one to which I more particularly 
wish to call vour attention, in painting in encaustics and possess- 
ing, us this does, all the adTanta^es of other medium}*, withoiit 
laT of their drawbacks, the unaccountable neglect with which 
it hj&s been treated hitherto is vurjr surprising* There has been 
plenty of mo- called encaustic painting executed in this country 
within the last twenty years, which is simply working upon a 
grotmd prepared in oil in the usual way with colours mixed 
with some preparation of wax. The decoration of tlic various 
Courts at the Crystal Palace are chietly executed in tliis way ; 
*Uo the picture fl in the dome of St. Paul's Cathctbal, repainted 
by Mr* Parris about ten years since. The valne of this method 
01 preserring the freshness of the colours is undoubtedly great » 
ana upon surfaces that have been previously paint^?d it is the 
only way to derive any benefit from the emplo^Tneut of wax as 
& medium. But encaustic painting proper is an art almost 
unknown in England, which is the more remarkable as, if ever 
iliere was a process which resisted the action of time, it is this 
€ne. Encaustic painting in some form dates from the most re^iote 

RlDtiquitv,and every authority I have been able to consult speaks 
Cf it with favour. Sir Garducr Wilkins^on states that "encaus- 
tic painting, with wax and naphtha as vehicles, was practised 
IBiorig the Egyjjtians/' but there seems t^ome doubt about the 
letoal processes of its employment j it is enough, however, to 
know that wax was one of the ingredients used, and most likely 
the pTesenmtioa of the examples noticed has been due to this. 
The Greeks practised it from a very early period. Pliny says 
of it: ** We employ wax as a veliicle of painting, not only from 
the beauty it gives to the pictures painted with it, but also 
because it is a preservative ot the walls which it adorns ;" and, 
in another place, that " LYaippus, the painter, executed a work 
of this kind at Egina, and tnat he put an inscription under it, 
stating that he had himself subjected Ihe work to the action of 
fire." This proves that the ancient encaustic was really burnt 
in, as its name implies. Among the Eomans, encaustic painting, 
or at any rate painting with wax in some fonn, was very general; 
^ ^and it continued to be practised during the early centuries of 
^^Christianity, almost to the exclusion of every oilier mode, but 
KAfter that time it seems to have fallen into disuse. Wax is 
not mentioned by Cennini, writing in 1437, exceptas a material for 
modelling, whence we mav conclude that in his day the art 
bad been lost; and Theophilus makes no allusion to it whatever. 
r^anzi mentions that ** many old pictures were analysed by the 
celebrated chemist Pletro Bianchi, and they appeared to be 
painted in oil ; and it was found that the oldest pictures, which 
were usually the most brilliant, gave indications of wax, but 
that no wax was found in pictures painted after the year 1360." 
In the appendix to the third report of the Commissioners on 
the Pine Arts, published in 1844, there is a description of 
'" '^'^f bods of Painting adapted lo Mural Decoration, bjr Sir 
s Eastlake, in which ho says, speaking of encaustic: — 
jL iie precise process of this art among the ancients has been 
the suDJect of much controversy : bat the actual remains of 
antique painting at Pompeii and Herculaneum, as well as 
numerous allusions in the writmes of the ancients, prove tliat it 
was common among the Greeks and Bomanis. It was also 
occasionally employed during the middle ages-'* And again, as 
the resnlt of his own observation, he says : ** The advantage of 
wax ai5 a vehicle is its durability, A wall painted white, partly 
with wax and partly with oil, exhibits the same tint lor some 
days, but by degrees the oil colour dark ens, and after some 
monUis the two portions are quite distinct; that which was 

Sainted in wax retaining all its brilhancy." He also quotes a 
escription of the nature and advantages of wax as adapted for 
general painting by Dr. Eoux, who observes: *' Colours mixed 
with wax are entirely saturated liy it. Wax and colours form 
together a more solid, less fusible substance than wax alone. 
Xijc pigments remain closely united with the wax. So skin 
appears on the surface of the picture, even when the wax has 
been mixed in abxindance with the colours. An under-painting 



executed with wax colours has much more brightness than one 
executed in oil. A second painting €>n sucti a preparation 
appears bright and clear, on which account a painting in which 
wax has been used as a vehicle is always bnUiant, IfMien an 
oil painting at twilight begins to become indistinct to the eye, 
a wax painting next to it is still clearlj visible." 

The motlem revival of encaustic pamting dates from about the 
year 1829, when Montabort, in his " Complete Treatise upon 
Painting," extols it above the art of oil painting. But previously 
to this» Count Caylus, in France, and Mr, Bacbelier had com- 
menced experiments to recover the lost art ; and the Count 
exhibited a head of Minerva, painted in the ancient manner, 
in 1764* which was much admired. From this time eftorts wcro 
made to renvc encaustic painting at Yenice, Verona, Milan, and 
Home, in each of which cities several works were executed. 
But after a time the method seems to have been again aban« 
doned, from what causes I have not been able to ascertain. It 
was again revived at Munich, by the modem German School, 
under the patronage of the late fCing Ludwig, and large works 
were executed there, also at Berlin» Heidelberg* Vienna, and 
other places wliere the influence of tliat scho^jl penetrated. 
At Paris, the Churches of La Madeleine, ilibtre Dame do 
Lorctto, St, Vincent de Paul, and other publie buildings, are 
decorated in this mode ; but no one example has ever, to my 
knowledge, been executed in England. I consider, therefore, wo 
are justiJied in thinking tlds to be a vehicle that has been 
singularly overlooked, more especially as I believe it to be the 
one process of all others best suited to our wants. It is capable 
of any breadth or simpbcity of treiitmenl, or the utmost amount 
of detail ; it allows of the use of any colours tliat may be em- 
ployed in oil, and even more ; and, above all, if the groimd is 
thorouglily dry (not an impossible condition) » there is scarcely 
any Inuit to its permanence?. The singularly preservative action 
of wax upon all colours, even on those whieli are fugitive when 
used in other mediums, keeps ihe artist's design in all its 
original treslmess for any length of time, as it undergoes neither 
Hhrmkujg or expanaion Irom any alteration of temperature, wax 
being perfectly in different to any atmospheric clianges. And as 
the heat to which the wfdl is subjected in tho process of pre- 
paration entirely prevents any contraction of the plaster after* 
wards, resulting m tho cracks so destructive to fresco painting, 
nothing short of violence can injure it. 

The process of encaustic painting is as foOows ; — The surface, 
whether of plaster or stone, to be painted on, is heated by means 
of a portable ehurcoal fire lOl one can scarcely bear the hand 
upon it. A greater heat will not have the effect of causing the 
solution to pt^netrate any further than a moderate one anout 
oite Hixteerith of an inch is the utmost depth to which a oonmion 
red tile will absorb it, when made nearly red-hot. 

It is then to be thoroughly saturated iritli a mixture of about 
two parts of wiiito wax and one of gum damar, dissolved in 
turpentine, which is the medium to be used throughout the work, 
Tlie addition of gum to the wax is necessary, as, alone, the wai 
would be too soft to work upon pleasantly "but ; any increase in 
this quantity of gum has a lendency to crack when the colours 
are laid on in any body. The employment of gum copal, or 
elemi, as being harder gums than damar, is preferred by some. 
Mr. Gambier Parry's medium is of this kind ; but as he omits 
altogether from his formula the agency of heat, either to 
combine the finished work with the under-coats, or for the 
preparation of the wax, and also lessens the quantity of wax, his 
xa not an encaustic process. These harder resins are more 
difficult to deal with.tney require a stronger solvent than turpen- 
tine, or that a little oil should be added to the composition, 
which it is most important— on account of its tcndencjr to 
darken — to do without ; when used, thev are no more impervious 
to damp than diunar ; and that they snould be less soluble in 
turpcntme simply is a very doubtml advantage. "Wlu^n the 
wall ia sufficiently cold, the groimd-colour may be laid on in the 
usual way ; but, if more than one coat is necessary, it is essential 
that the first is left sufBciently long to become hard before 
putting on the next, Tho only difficulty of manipulation atten- 
dant on encaustic painting is the tendency of the upper coated to 
penetrate those beneath, but a little dext<'rity in haudhn^ will 
ob'^iate this. U])on this groimd the subject is to be pamtedy 
with c<jlours groimd in the same preparation of wax and resin, 
and thinned to an agreeable consistency with turpentine. The 
work may be added to or altered with all the tacUity of oil 
colours ; and, when the whole is completed, it is to be re-heated 
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figukrij ind slowij by meaos of tbe bruder. It If sometimeiii 
tlie pr»0tice, before this final heating, to T&miiih tbc whole ittrface 
Willi the wiax medioiu ; but if the wall, before commencing, hfts 
been tkorou^hljr stunted, and a sufficiency of it has been iLsed 
irHh the colourH in worMn^, this trill not be found neoi^siaiT. 
The r^tinlt of thin bamiiig in i^, thx&t the finished pointine, the 
gnmndL aad the preparation of thi» waH are aH melted and 
amalgamiited to^etluT m one liomo^enoos substance, united to 
the wall in the itun^i pcTfict maouer, aud remaining brilliant and 
iaperiiduiblc. I ?i ^ ' fombU- experience in all kinds of 

mrainniH, arid tin ; La* alfrayis been a favourite 

stndj, and I feci «>Pii» ik» one of them U no suitable 

or M) tmstwcfrthy as cl Lcn proper! j executed. 

Distrmpt'T U a per' }"ur mural painting as regards 

brillianey of colcnir, n %, ur abjience of gli>^s. but is 

liable tomjur^' from m^ .: ii ether arisiufi from wndensation 
or any othir cause, trnd vnn ncrcr be properly cleaned. There 
ia another cau^c, tew.*, of it^ want of permanence which we are 
conHtantly meeting "witii in tne remaini* of medi«val painting. 
and whicL consist* of the decay of the size or gfluten used to 
bind the colour«i, wlach to some places is so great as to leare 
them a mere dry powder on the walk, and in others haTing go 
i^ght an adhesion as to drop off in flakes at a touch. How 
anich riehej we should hare been in these examples if the 
Uttiti of the middle age4 had been aequaintea with the 
▼ntuet of wax paintiDg, wliich no itupcTincuml>ent coats of 
whitewash coulJ hare injured. In the Ijidj Chapel at 
Wiuclu'ster tLrro are some waQ paintings in better pre serration 
than uKuaK wUicL, from the curaory glanoe that h ptfrmitted by 
tlio attoodant rer^^er, I imagine to be a spociea of encaustic, 
but of this I am not sure; they are, however, certainly worthv of 
earefnl examination. Oil will bear anr amount of \>'ashine, but 
from its tendency to change colour and become homy in terture. 
and fi7>m its ^lorisy Burface, is the most unsuitable Tehicle of 
of any for architectural painting. Fresco ik too difficult of 
manipulation, independently of its want of stability ; and water- 
glass, which may he all that it«i advocates represent, has not 
j^i been sufficiently tested. Encaustic alone possesses the best 
qnaliticH of all the other loetliods ; it h as bright and pure in 
colour as distemper, asreadily cleaned and a* easily worked in as 
oil, almost as lummous as fresco, and f if required) a^pcrfectly fiat; 
but it i§ also capable of receiving just as much, or as little, gloss 
as may be wislied to give ricliness to the darker colours, by 
nimply polbthing with a cloth ; and in certain positions this may 
prove a very ^frc^t advantage. TMiatever medium may be 
choBcn y>y rtr^ii^t*• [nr painting with, the one indispensable re- 
quisite is-, a pirrectlv 'irv ground; without this is secured no 
paintint: of any kind Mill be permanent; and, where there exists 
the sliglite-t doubt upon tliin point, the best way is to cover the 
wall l^rr.n Tmrnifiii^ with eauva"^, fastened on with a tTment 
ociJi ' and oil, which hardens to a perfectly 

imj" •, so tlial, if the wall should at any time 

bcecime dam|>, the painting can be easily removed without injary, 
and re-attached when the ground is considered safe. This plan 
has alno the advantage of enabling the artist to work in liis own 
stud if*, n«^ the paiutmg may be fixed in its place just as readily 
w!i" d asi the unijainlcd canvas. Of course, encaustic 

pail iiiot l>e exeentcd uj>ou a ground of this kind, but we 

mil} >tJii iiave the benefit of wax as it is commonly employed 
by painting on an oi] ba^ds. 

I have c^m fined tny remarks almost entirely to the executive 
procesHCS of decora tiun, without touching upon the art questions of 
colour or treatment, in the thought that it wouhl be the more 
•oceptable form in which to treat the subject. 



IXSTITUTIO:^ OF Cn'IL ElfGC^EEllS OF 

Tse In^mtutioii of Cinl Engineers of Irehuid held iU last 
annual meeting in the MuMsum Buildtiigf^. Trinity Ck)Bece. 
ihiblin, when Mr. Kolbwt Mallet, FJI.S., ik^Hvcred an able 
address, of which the following is an abatinyrt :— 

Hke PrcntUnt'g Addren. 

ChiTH ii iiie age of material progress, which reflecting men 

begin to see neceaiarily involves with it changes and progresa 

in the world of raind and of spirit the most searching, funda- 

mesta], and unexpected. Sociid habits and polity ; commerce, 

ifaiaestjc nod mteiTi&thu^l ; taa modes of taiatioD. the diffusion 





of knowledge, the phmting of the waste places of the earth ; iht 
eonduct of war» it a weapooi, ita modea of attack and defeooe; 
the artificial barrien set up betwsen daasea, the antipathiet of 
caste ; the ceremoniea that await the •epulchring of the d^ j 
and even beliefs and ancient creeds and forms of hiik and 
worship — all are being kneaded beneath the unseen bat resist- 
less inflaences upon them of those palpable and mateijal pownt 
o^er time and space, and weight ana matter, which hare hem 
evoked by the engineer within the last eighty yean. 

Many of the moral and physical changes bdng diected by 
the powers of steam locomotion by land and water alone^ are o^E 
a character that no man could have foreseen ; and^ startling smb 
they already are, foreshadow others still greater, and seem 1 
point out to us clearer notions as to the nature of the fe 
which really govern the world and determine its progtem 1 
we had been taught nreviously. 

It might possiblv aave been foreseen thai the steam-ship t 
the railway would! in time enable the luscious fruits of tli^»- 
tropics, within a few weeks of their having been gathered in ^i^m 
sun, to be eaten amidst frost and snow by the fur-clad Hussian ^ 
that the pine-apple, the very symbol, but a generadon ago, o^ 
the rich man's feast, should be sUced and sold ftom borrows io. 
the streets of London and Paris at a price to suit eren th«i 
gamin; but who eould have predicted that the same power 
should change the etiquette of courts, and bend to its mooes the 
habits of monarchs and the course of diplomacy? "Who enea 
yet fully realizes that over the whole continent of Asia, voi 
moi% especially in our India, where preaching has indeed proved 
itself to be KioUshness, the steam-ship and the railway an 
destined to be the real missionaries j and that under the levelling 
influence, without persuasion or compulsion, of this new power 
to move and travel, caste, and the theologies and crti^ieds lr» 
which it belongs, social ceremonies and systems bound up 
these, all of them the most ancient of which we have any 00 
Idstory, and hitherto the least mutable, are melting awa/ 
moulding themselves into new and more true and living formif 

But I must forbear to enlarge upon the tempting theme of 
ihe mental and moral efiects upon our race of material progren, 
as especially urged forward by the engineer, which, in its silent 
but powerful a<:'tion, seems to underlie all other progress, sad 
like the stone cut out without hands which the Chaldic Seersav 
launched through the midst of heaven to fall upon the earth, 
the destined instrument to break in pieces the trass and tlis 
iron and the mirj clay of the feet of that Colossus of ignorance, 
falsehood and violence, that still tyrannizes over and oppressei 
the sons of men. 

It is but thirty years since railways commenced to be a mode 
of travelling, yet already more than eleven hundred millions of 
money have been expended in spreading upwards of seventy 
thousand miles of lines over our globe, fiaeh year adds L 
to the total. Within the last two years Parliament has 
already sanctioned, or been applied to for sanction, for 
270 mdes ot new railway in and around our own metn 
London. The capital neces&ary for those sanctioned „ 
twenty-one milUons, and that u>r those now before PSarlia 
nineteen millions, or a total outlay of forty millions in and i 
Iiondon alone. Amongst these projects are embraced two new 
tunnels under the Thames, and live new bridges over that rif er. 

If we look to our progress upon the water, we find that wc 
are adding to our mercantile marine at the rate of more than % 
tonnage of 200,000 tons per annum, of which nearly one4ialf the 
ship are built of iron. This is exclusive of ships of war, of 
which, in armour-plated vessels, our own and the French navies 
contain so many noble examples of constructive skill — the cost 
of each of which may be reckoned by hundreds of thousands. 
Indispensable these arc probably in the present state of the 
world, but we cannot avoid longing for tlie time in human pro- 
gress to come when such enormous masses of the wealth 
produced by human labour may not be diverted from its proper 
uses, in the comfort and sustentation of man» to provide by brute 
force again Bt the probability of brute violence or fraud. 

The problem of invulnerability in ships of war to the direst 
stroke of a given maximum projectile, requires as its f undip 
mental datum the dimensions and form, e]>eed {for iip<^^^^ 
depends the weight of engines and boilers), and equipti 
the largi si ship that is practicable and proper for the de 
use. This, in our own case» finds its limit in the f 
longest ship of war that can berth at our marine 
manceuvrc in our narrow channel seas— this last greatly dep 
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the smalbesfl of circle within wliicli " going about " can 
Tonned. This circle rapidly enJorges witL increase in 
, the power of the rudder of plven size to turn a ^tven 
of ship Taiyinfj inversely as the fourth power of the length. 
» eliymenta of the ship beinff settled, the qneation of de- 
F© armour resolves itself in the first iustanceinto this — How 
the total spare tonnage that the ship possesses above her 
r, fuel, and equipmentp be so disposed over the retjuired 
of defended surface of hull, as to give, when reduced mto a 
fj/kare of iron and wood^ or of anj other material, the mazi- 
■^ resistance per unit of surface to the impact of shot at the 
St given velocity 'f It is well thus to state the problem 
►cision, as it is very far from being yet solved, and many 
it of it &how a want of clearnesa as to its conditions and 
The experiments made at vast expense, in this and other 
_ ies, have not advanced the i^eat features of the question 
h beyond this, that no armour yet devised and capable of 
I borne by an^p^ ship of war afloat or designed, can withstand 
llroke, a few times repeated about the same spot, of a pro- 
le of OOOlbi. weight, with a velocity of under 2,000 feet per 
kd. The only remarkable advance in resistance conferred 
iere dtspositiou of material of a ^ven total weight, has been 
10 Mr. Chalmers* arrangement, in which the wood backing 
rided and supj>orted by transverse septa of plate iron. So 
however, the victory is with the guns, and it may be added 
|ike]y to continue so. The problem of the most powerful 
[ble gun, hke that of the armour, rests upon the data of the 
lit, form, and velocity of shot demanded ; the latter element 
tiding simply upon the weight of powder charge in relation 
be weight of the shot. The form of the latter, and hence 
^eadibre, which it determines, fix the limit at which any 
WMe of weight with a given velocity, or of velocity with a 
|l weight, the gun, even though made of steel and wrought 
I our mo«t Tesistant materials, and disposed in the best 
Her, in ringed structure, becomes crippled after a few 

it. 

[ith rifled guns it is pretty certain that this Hmit is reached 
plibre not much eiceedbg 13 inches, and with a projectile 
DOlbs., propelled with a velocity of about 2,000 feet per 
lid. Under these conditions every round produces some 
thle deterioration of the gun ; the metal of the interior tube, 
' ngh of steel, becoming fissured first at the angles of the 

crooving about the seat of tlie powder and section of maxi- 
ritrain, and the whole of the metal soon affording evidence 
Hittl disintegration by simultaneous compression and tension 

hogonal directions in a plain transverse to the axis. 

ed cannon are, however, not indispensable to the destruc- 
pi armour-plating, and it may be stated as certain that the 
i of such guns afloat has been greatly overrated. Great 
1^ accuracy, and extreme velocity, to effect punching through 

r^pIates, are the supposed advantage for marine use upon 
those interested in the manufacture of rifled cannon have 
their arguments for the preference to them over smooth 
p throwint^ spherical projectiles. But accuracy and great 
B are all but useless m a cannon borne upon an ogciUatin^ 
^ and of aU conceivable ways in which a given amount of 
Ictile power can be expended in penetrating armour-plating, 
iiHff out a round hole by an extreme velocity, having juat 
ttmeter of the shot and admittiag of being easily plugged, 
Ik^hich effects the smallest amount of permanent injury. 
PdUag blow delivered by a ponderous projectile at a mode^ 
lelocity, which shall either stave in a large area of the 
k aide at once, or shall produce a larce irregular star of 
pDf fractures and detacned nieces of plate, with shaken 
Pamaged internal framing, is tliat which must produce the 
•*• unmedicable wound" in any ship's side, and the one that 
,bo followed up by " shell fire*' from rifled guns with the 
rtktal effect. Such a blow may be delivered best by very 
hpherloal shot with a moderate velocity. In such case the 
i^ upon the gun is greatly reduced, not alone by the 
irished initial velocity, but by the reduced inertia of the 
leal shot in relation to the unit of area of the calibre of the 
I Moving in this direction, it is pretty obvious that the 
ff*' ..*-T, 1,^ ^^pt ^ith the pxn, and that an absolutely invul- 
hi red ship is an impossibility within the tonnage to 

. il conditions bmit it. 
not a little remarkable, however, that, notwithstanding 
eat sums that have been expended in firing at armour- 
Itargeta at Shoeburyness and elsewhere, not a siogle satis- 



factory experiment has been made, with a view to fairly oompue 
the destructive effects of rifle shot at great velocities with thoee 
of much heavier spherical shot at comparatively low ones. 

Before leaving; the subject of artillery, in which there is much 
of interest impossible to advert to here, I may mention that at 
present the well-known house of John Brown and Co., Limited, 
are now making tools and arrangements for roUing out the 
" usee " or forge blocks, for making field guns, or even those of 
larger sise, so as to avoid the evils incident to forging by the 
hammer — thus carrying out into practice that whica was sug- 
gested by myself in 1855, in my treatise on the *' Materials for 
the Construction of Ordnance." One of the consequences of 
this will be greatly to reduce the cost of production. 

In iron shipbuilding there are no radical changes to note, but 
a steady improvement in the proportioning of parts is observable. 
The necessity of iron decks, in order to complete the upper 
member of the ship viewed as a hoDow beam, is becoming 
admitted. The recent loss of the London will nccelerato their 
introduction, inasmuch a.s iron decks admit of the construction 
of engine hatchway coamings in much stronger and safer ways 
than with wood decks and coamings. That all such hatchways 
ought to be fitted with that excellent form of self- releasing iron 
shutters known as "the butterfly coaming shutter," ana that 
ventilation, to supply the furnace draught in the boiler room 
when these are closed by stress of weather, ought to be provided 
by a concentric cylindrical casing surrounding the funnel with 
air space between, the loss of this ship proves ; a lamentable 
form of demonstration that, however, was not needed by any of 
OUT best iron shipbuilders, whose desires are too ofWn compelled 
to yield to the merely financial wishes of owners. It may bo 
hoped that» after this catastrophe, Lloyd's rules may embraeo 
those requisites as indispensaole to a seaworthy steam-ship^ 
Iron hollow masts and yards are being largely adopted, partly 
recommended on miBtaken mechanical principles, out mainly 
from their cheapness and the increasing diiEculty alleged in 
procuring large lir spars. Such hollow, and relatively very thin, 
tubes are enormously stiff, but in relation to their stinhess, very 
weak. As a result of their extreme stifTnesB, every variable or 
impulBive transverse strain, in place of being diflused and pro- 
ducing flexure over the entire length, and so easing the material* 
as in a wood mast, is transferred almost completely at once to 
the lowest point of the mast at the resisting fulcrum, and where 
the stress is necessarily greatest , If fracture occurs, it is, by the 
nature of the material, and of these conditions, at this point, and 
directly transverse. The iron mast thus pres^ents scarcely any 
of the chances of temporary use or of refitment at sea posaeased 
by the long splintering timber spar. 

One of the effects of the extensive and extending employment 
of iron in shipbuilding upon the not very distant future, will be 
the rapid increase in the total amount of the mercantile naviea 
of the world. In the days of exclusively wooden shipping, the 
average life of a sea-going ship could not be taken at moro than ten 
or twelve years (free from all casualties), but with proper original 
construction, and due care in preservation, it is almost impossible 
to assign any limit to tlie life of an iron ship ; and it will be far 
within the truth to say that each (casualties again apart) will 
lost from four to &ve iuaes as long as a ship of timber. The 
result must be the continual accumulation of mercantile shipping 
for many years, or perhaps decades, to come, and this cannot 
but be attended with great benefit to the world at large, in the 
diflusion of exotic commodities and the extenaion of trade and 
oomfortfl. 

I ought not to omit to notice the publication during the lart 
year of the magnificent work of John Scott Bussell, and of those 
of Mr. William Fairbaim and of Dr. Kankine, on shipbuilding 
more especially of iron. The first of these works will ever mant 
an epocn in the literature of the subject. 

The employment of twin screws for propulsion has, after slow 
and cautious trials, proved of great value, not only for the 
navigation of rivers and other shallow waters, and for affording 
the means of steam propulsion to the larger boats carried bj 
ships of war, but, in the cose of these ships themselvea, enabling 
them to turn almost upon their own leni^th^ a precioua element 
in enabling an enemy's fire to be partially avoided. I may be 
permitted to mention that in the two great mortar flats, designed 
oy myself in 1854 for our own Government, and intended to 
carry the 36-inch mortars at Scbastopol and Cronstadt, twin 
screws were employed. 

In the construction of marine engines, amidst many minor 
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novel tiet or improrcments us to detaiU the most noteworthy 
progreBB const at § in the coastintlj accmuifif perfection in the use 
of higher pre^sriTe with expansion^ and of surface condensation, 
attended with tlie immense adrantages that the feedin jr of the 
boilerfl with fresh water only affords. The employment of s<teel 
for ihaftfl and cranks, and all severely strained parts of marine 
engines (arijedby my self some years since in an account of some 
experiments proiring the relatire weakness of larue wrought 
iron, forced "naes," read to the Institution in London, and thea 
reluctantly received by marine engine makers) is now rapidly 
apreadinjj. The greatly increased prodaction of excellent steel, 
of various cjnalities and at a very reduced price (though still 
much too high) by the Bessemer process, facilitates this. The 
Bessemer converting process is now in extensire operation in 
several different parts of Europe, as well as in England, and is 
rapidly advancing towards its natural culmination, namely, that, 
except for speciafand exceptional purposes, wrought iron will 
become a tiling of the past and oe generally superseded by 
fteel, a material weight for weight of much more than double 
the average resisting powers of wrought iron. 

Much remains to be done by the physical experimentaliiit, 
however, before we can consider ourselves as having fully 
understood all the properties of this new material in constructive 
relations, and by the manufacturer to insure to his customer 
absolute metallic uniformity in the pieces he is called on to 
supply. Steel plates are already largely cmplofcd for ship- 
bmldrng, and more cautiously for bridge bnildme, and for rails 
are being laid down to a very large extent. With steel rails 
and steel tyres the wear and tear of both is reduced to a mere 
fraction of that with those of wrought iron, ar^d the co-eflBcient 
of traction sensibly reduced like wise. 

The discovery of the oil springs in America, and the expiration 
of Young's patent for the production of somewhat similar oils 
by the distillation of coal at a low temperature, have given 
impetus to the endeavours of several experimentalists here, in 
America, and on the Continent, to adapt these oils as a liquid 
fiiel for steam navigation* Many of the advantages alleged 
are real and well founded, and it can scarcely be doubted that 
ultimately the safe and perfect combustion in marine boilers of 
such fuel will be affected, and will be adopted on a largo scale 
for certain special purposes at least. Up to the present time, 
however, no method tried for burning these oils in marine or 
other large boilers has met the conditions required to be 
fumied. 

The increased tonnage and length of iron ships, and their so 
far unpreven table tendency to foul at sea, and still more in 
harbour, and most of all in the warmer latitudes, have produced 
the necessity for graving docks on many foreign stations* For 
structures of this character, always costly ana in tideless seas 
expensive to work, floating docks builL of iron have been sub- 
stituted with great advantage. Some fine examples of these 
have been produced by Messrs. Rennie, of London and Deptford, 
for the Spanish and other Govermnenii. 

As regards direct improvements or changes in construction of 
steam engines for land use, there is not much of importance to 
notice, Tho applicationa, however, of steam power become day 
by day more unifersal and varied, as well as powerfuL Steam 
ploughing, as well as steam traction on common roads, may be 
said to ha?e become practically estabb^hed and in use, although 
the abort-sighted prejudices of landowners and local authorities 
have done their best to retard these beneficent substitutions of 
elemental for animal power. In both those classes of machinery, 
moro especially in tho first, tho march of improvement is still 
continuous j and as the history of the locomotive shows that its 
practical perfection has been attained by years of bit by bit 
advances, so may wo expect that, after a few more years, steam 
arrriculture and steam traction will have become parts of the 
ordinary mechanical regimen of the world, as much so as steam 
travelling on railways. 

The spread of steam boOer associationitin Crreat Britain, for 
their inspection and insurance against explosion, though partly 
due no doubt to the desire of some to open up new avenues to 
employment or patronage, indicates tho growing sense on the 
part of the public of the necessity of some controlling element 
to check the recklessness and ignorance with which steam power 
in all its appUcations, a^ well as machinery in general, and, we 
may add, many works and trades invoking danger to life or 
inaaJubritT to health, are worked or carried on in our country. 

Itmaj'bemach doubted whether Buch voluntary associations 



are at all competent to deal with the evili; isd* i 
opposed to our common prejudices in favour of that r 
notion called self-government, it would seem that the 1 
fully come when the Board of Trade might with grei 
advantage have its lej^al powers of effective surveill 
control greatly extended, and based upon the legial 
Pranee and Prussia in regard to government interfere] 
dangerous or insalubrious trades. It is absurd that, «i 
Board of Trade investigates the nature and causes of 
accidents, and elaborately points these out in annual 
these causes remain unaltered, and that there eiista 
power of compelling the removal of any one, even t 
certain, obTious, or easy of remedy. It is needless 
upon the history of such matters as communication 
enginemen. guard, and passengers, nor to point out the 
declared beforehand to be impossible to be altered with 
to whole classes, &c.. such as the issue of manufacturin 
have been found easy to rectify, and advantageous to 
legislative pressure has been once applied to them, 
the most curious example is that of the great copper-OTD 
Swansea, who, after having for years persisted in affim 
** copper smoke," which made the country around f 
could not be prevented, have at length been reluctai 
vinccd by a German that it can be avoided, and avoi< 
enormous pecuniary advantages to their own interests. 

Speed upon railways resolves itself into a question 
cost. While on many of our lines even the existing 
passenger express trains is in advance of the real public 
as measured by return and dividend, there are a fef 
oases in which even an increase on the best speed yet at 
such, for example, as that of the Limited Scotch M 
Ifondon — seems about being applied for. by the cc 
increasing extent of business travel, and the urge 
economising time. Thus, it has been proposed to 
distinct express passenger trunk line, upon the broades 
gunge, to unite the great centres north and south c 
Britain, and to travel thereon at a speed which, inclu 
effect of reduced number of stoppa^s, might nearly doi 
present rate of express trains. Probably, as a' wh 
project may be even yet pi*c mature. In one respect, 1 
the proposition of reverting {not to, but) towards tl 
gauge, 13 far from premature. The pressure both of 
manageable traffic and for lugh speeds, during several y 
been attended with this, amongst other efl^ts, that ' 
height, and weight of the rolling stock of the broad | 
Brunei has been "jradaally more and more approximift 
the engines, carriages, waggons, <fec., placed upon tlw 
4ft. SJ-in. gauge. The result has been, especially in the 
to raise the level of the centre of gravity to a <migeroi] 
above this narrow base in many instances. Engines of 
trains may now be seen with the centre of gravity 
running trim, more than seven feet above the 4fl, 8J 
With a CO -efficient of stability thus reduced, the sEghtett 
or cause of lateral oscillation may throw the engine 
rails. 

In the locomotive engine many important improvemft 
ing to reduce the coat of traction, to increase its pof 
steep gradients, or to facilitate management and dim 
pairs, have been made comparatively recently in Grea 
nod abroad* Mr. Fells engines, grasping laterally by i 
deep middle rail, which are but the carrying out of an 
many times suggested, and perhaps originally traceab 
inventions of my predecessor in tnis chai^r, Mx. Viguol 
been found competent to ascend with facility, certii 
sufficient economy, gradients the most ^^evere that are x 
to ascend the crest of the Alps. Adapted to this pri 
railway is being now laid over tlie crest of Mont Cenis, 
Bardoneche and Modane, on the Italian aod French aid 
mountain, through the bowels of which tho gigantic i 
Mont Cenis is simultaneously being cut. This great U 
though advancing at a rapid and satisfactory rate per dt 
likely to be perforated through and the rails ready for t 
probably five to seven years at least, and in this iat€ 
expected that the supra-TUontane railway will have te 
respectable profit, and may then yield to its levelling oq 
beneath. Sliarp inclines have been at all times, but ine] 
of late years, more courageously employed by Con tint 
gineers than by those of our own country, wliere, ' ' 
natural fetaures of our islands do not present the sa 




Mrt.iMK) 



THE CIVIL ENGINEER AND iVRCHITECT'S JOURNAL. 



193 



I 



fofT stiarp pradients. The Giori and SoTnerin^ inclinea at an 
early period called forth, tUrotigli the skill of Borsi^ and Beveral 
others, locomotivea of before unknown weight , adhesion, and 
power; but even these hare ^radoally given place to en^nea of 
BtUl greater evaporative power, and so placed upoa their wheels 
as to utilize their entire weight in adheaion. 

The latest of theie is the encrine designed by M, Thonvenot 
(for certain Swiss railways), which may be viewed as two loco- 
motives applied end to end at the fire-boxes, which are thrown 
into one ijreotly enlarged, and fed at the aides* These engines 
will weigh 80 tons, and in size and weight far exceed those of 
Mr. Petiet on the Great Northern of France. Into the details of 
this engine we cannot go j it proposes several: advantages, &omo 
of which are real, in addition to great evaporative power and 
great and uniform adhesioni but its efl*ect8 on any orditmry rail 
will be damaging, especially on curves. 

Coal burning in locomotives has become univerpol, and althongh 
the eoal supplied in France is generally inferior in quality to our 
own* the perfection of the combustion, and freedom from smoke 
or smell, are in advance of our general practice. A still further 
advance has been very recently made on one or two of the 
French lines, in tho adaptation of the fire-box arrangements 
specially for consuming very small coal (so small as to be almost 
coal dust) without material waste. The results obtained are 
•atisfactory, and of high importance in many parts of Europe, 
especially in auch regions as Bohemia and Hungarj, where the 
ooal is tertiary (lignite in faet, though presenting when dug out 
the aspect of good Newcastle eoaI)» and yet slacks to pieces and 
falls into dnst in a few days. Such coal-dust is compressed in 
hot cast-iron moulds, and reconsolidated into bricks, which are 
used aa fuel in the steam vessels navigating the Theiss and 
Danube, 3tc. 

St^el fire-boxes have been in several instances substituted for 
those of copper on the French railways, upon which, as well as 
upon our Indian railways, and upon some of our British lines, 
the Giffard injector hoa almost superseded the feed pump. 
The theory of this remarkable instrument has within the last 
year or two received striking advances at the hands of French 
and German engineers. 

Explosions of locomotive boilers continue to occur every now 
and then with generally fatal effects. These arci to our disgrace, 
▼ery much confined to England, and result almost entirely from 
the systematic neglect of periodical proof of the boilers by water 
pressure, a matter compulsory abroad, and against which the 
irrational dicta of locomotive superintendents in England ought 
no longer to be tolerated. These accidents have resulted in 
throwing some little additional light on some before obscure 
(dreamatances, whereby mechanically induced change of form in 
roch boilers aggravates the loss of substance locally by corrosion. 
The Mont Cenis tunnel, to which I have already alluded, 
preienta the first example upon a great scale of the success fu! 
applicntion of power to the perforation of rock. Theoriginniion 
of the machinery directly employed is unquestionably due to an 
English engineer, the late Mr. Bartleit, while the special 
machinery by which the natural torrents descending from the 
flanks of Mont Cenis are made available to compress air, as the 
motive power and means of ventilation, are due to MM» Soni- 
meiller, Grandis, and Grattoni, the engineers now charged with 
this magnificent work. The success of these machines for jump- 
ing holes in rock, now some years proved, litis since ]Gd to many 
other? for like purposes, and to the admirable coal-cutting 
machinery, driven by compressed air, now at work both in the 
Korth of England and in South Wales. These machines, wlule 
relieving the coal-hewer of the most laborious part, if not the 
whole, of his dangerous and unwholesome task, effect an economy 
in th« coal neoeiiaarily destroyed in getting, to tho extent of at 
least five-sixths of th'e whole. 

In connection with these fine instruments for quickening 
man's mastery over matter in its crudest and most resistant 
form, may be noticed the revival of the employment both for 
blasting and for fire-arms, Sic, of gun-cotton, resulting from the 
improved methods of its manufacture, due to Colonel Lenk, of 
the Austrian service. The Buporiority as a rending agent in 
blasting of gun-cotton over gun-p>wder, and its advantages in 
some other respects, are now established facts, and its manu- 
facture as an article of trade has once more become active. 
Some other new explosive agents with much less promise have 
been brought before engineers, amongst which are a new 
gunpowder, the oxidising agent in which is stated to bo chieily 



nitrate of barytes, and the formidable and haKardoms nitro- 
glycerine or blasting oiL now on sale in England. 

In noticing the methods of tunnel cutting by machinery, I 
may not omit to notice the remarkable work of Herr Bziha and 
his admirable substitutions of wrought-iron framing, <fec,, for 
tho miisH of timbering usually employed in tunnelhng operations. 
I*^or, as being works highly analogous, and occasionally full of 
difficulties requiring to be overcome, can I pass the beauty of 
the methods, and the success with which vertical shaft -sin king, 
whether for colliery or other purposes, has been achieved in 
Northern IVussia and in Belgium. Amongst these t he successful 
methods of M. Guibtd for sinking through running quicksand 
without air pressure, or pumping out the water, are worthy of 
all attention. 

Tunnelling in water-bearing strata, aa beneath the beds of 
rivers or estuaries, which received a shock from the disasters of 
the Thames tunnel that prevented any like undertaking for 
many years, has once more resumed the position from whirli it 
ought never to have been displaced by the wholly exceptional 
conditions in which the elder Brunei placed himself. Tho 
Thames tunnel was, in fact, bored not so much beneath aa 
through the Thames, for it was in some places but four feet 
below the bed, the latter being of mud almost as liquid as cream. 
Why this disastrously high level was cliosen we need not now 
go into. If, however, the level of a tunnel be so fixed beneath a 
large river as to leave an abundant thickness of covering 
material above it, the work in reality presents no conditions 
different, or more difficult to be coped with by wc^ll-kaown 
means, than those constantly met with Jn every land tunnel 
through a hill of water*bearing beds, the water supply of which 
may be practically inexhaustible, as for instance was the case 
at the Kilsby tunnel, on the London and Birmingham Railway. 

And in accordance with this view I may mention, that a 
leader whose practical ability is justly valued in our profession, 
my friend Mr. Hawkshaw^ has recorded hia readineas to under- 
take a new tunnel under the *i hames, and has expressed to 
myself personally hia unhesitating willingness to undortako one 
beneath tho Straits of Dover, and I should not be suprised if ia 
the progress of events he may yet live to be called upon to do so. 
Another and wholly diiferent method of tunnetling beneath 
rivers or arms r*f the sea, has also been matured since Brunei's 
early day. in which the work is done in segments from above^ 
and partly by coffer- damming, or the sinking of iron cttts.4ons. 
This admits of placing the level of the roof of the tunnel actiuiUy 
no lower than the bed of tho river. This method has been 
proposed for crossing beneath the Mersey above Liverpool, and 
it is at this moment m active operation in London for passing 
the new tunnel that is to carry the pneumatic dispatch railway 
from the Waterloo station south of the Thames, to the northern | 
eide at Whitehall, under the direction of Mr. Eammeil, C.E, 

(To i^cmitimted.) 



SUGGESTIONS TO YOUNG AECHITECTS, 

At the meeting of the jlrcliitcctural Association held on the 
18th Mfiy, a paper was read by Mr. B, Fj^rrv. F.S.A., con- 
iiiiiiing *• Suggestions to Young Architects for facilitating their 
correHjxindcnce with Chartered or Diocesan Church Building 
Societies, and Hints on some Practical Points.'* 

Mr. F:ebbt detailed the steps which should be taken to ohtain 
aid from the varioiLs scK-ietics establii^hcd to assist in the budding 
of new churches or enlargement of existing fabricH, and explained 
the nature of the rules and conditions imder which such aid was 
to be obtaiucd. Gliuicing, then, to the works themselves, he 
deprecated the tendency exiiibited in some ilirections to run up 
churches with the fneretricious aid of the iron-foimder. lio was 
in favour of a sensible and severe form, adapted to the site and 
the aspect, and for exemplars he recommended the student of 
architecture to visit Normandy and see what had been done 
there iu the way of parish churches. Solidity of construction 
ought to be kept in view as much as possible, tor without it it 
was imi>oaaible to obtain that impressive effect which ought to 
be the nrst characteristic of a building dcdicaU^d to God. It 
was, he thought, a reproach to an age in which thousands upon 
thounands of j)oimds could be readily obtaiucd for any utihtariflu 
object, that raising money for tho building of churches should 
be a matter of so much difficulty. It was, in fkct, a national^ 
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roproacli ttmt arohitccU should so often be asked to preparo 
deaigns for ** cheap churclics," It wa,s, however, due to the 
committee of tho Church- Build iug Socit'tj to state that they 
were anxious in all lustAncea to ohtnio fabrics of a ehur^^h-like 
character ; the firjst consjideration being accommodation for the 
servieos of the church, and for the worshippers, leaving the 
tower and ornamental dLtails lo be completed out of futuLi to bo 
provided hereaft-er. It wius to tlieir credit^ also, that they were 
anxiouH to preserve old work as much as possible, and not to 
pull down or change any features of a building which marked 
the period of art to which it belonged* Many tine old parish 
elinrchcH had been pulled down in consequence of the iguoraiico 
of the professional adviser. A notable instance of such destTuc- 
tion hail lately occurred in the county of IVIiddleaeXt where a 
line old parii^h church, of groat architectural beauty, whicJi 
might have been restored with the bent etiect, and preserved for 
centuries to coaie, had been immolated to the ignorance of the 

I)orsons who had the direction of the matter. Many hideous- 
ooking churches and clmpels had also been *' put up * by local 
builders, no architect luivLng been employed to give designs or 
Huperintend the cons traction. Some practicat intbrmatiou of great 
value might be gathered upon these p«>ints by the study of the 
paper printed by the Eoyal Institute of British jli'chitrects in re- 
tercnee to them, and he recommended aU young architects to take 
the advice there givL«n. Beferriug next to the manner in which 
the walls and njofs of chm^che^ should be constructed, Mr, Ferry 
pointed out the necessity of choosing the most eligible site, so as 
to avoid land-springs in the foundations, and to get as much 
pmteetiou as possible from the south-west wind, which, when 
accompanied b^ continuous raitj, would soak almost any wall 
cxpo«<^d to their combined influences. In making foundations iu 
clay soils, ho recommended the free use of coucn'te rathor thaa 
very ch-cp foundations. Ho would advise, to insure solidity and 
pronde against damp, to lay down a platform or bed of concrete, 
whieh experience had shown to be the best precaution. Tho 
circumstance that in so many old parisfi churches the south- 
west walls were found to be plastert'd, arose from the circiun- 
stunce that a driving rain of many hours* duration would 
generally tind its way tlirough, no matter of what materials tho 
walla might be constructed. In order to prevent this^ he 
reoommended au inner lining of brick or ashlar, with an inter- 
stice between, which would bo found to keep the interior taoo 
of the wall dry in any weather. The rooting of cliurclies 
was also a point deserving the utmost care. Panelled roofs 
were the best, not only for the comfort of tlie worshippers, 
but also for the conveyance of sound ; but, in cases where it 
might be necessary to have 0|>cn roofs, he recommended 
tliat attention should be paid to ventilation, and sulRcient 
draught secured to prevent the accumulation of moisture 
upon the beams. This moisture often fcU in drops ujx»a 
the pews, and, independently of the inconvenience, did much 
dttmngc to the woodwork of the church. Another subject which 
the author brought under notice as deserving the attention of 
the arehitect, was the ninnntT of laying encaustic tiles now so 
generally used in ecclesiastical structures. Great care should bo 
taken in preparing the suriace before laying the tiled, so as 
to prevent the use of unslai'ked lime. Many instances had 
occurred in which the tiles were broken and the flooring 
deslmyed by the ex|ianMiun of particles of unslaekcd lime- 
Wit h regard to bcUs, now that steel hells were coming so much 
into use, owinjj to their cheapness when compared with those 
constructed of ordinary bell-metid, he recommended that in no 
case should the supports of the bells be made to rest upon any 
portion of the tower in which they were hung, as the vibration 
was destructive of masonry. The citging of timber or machine|y 
upon which the bells rest^^d sliould oe altogetlier indept^ndcnt 
ot llie tower. The neglect of this precaution often did immense 
injury to this portion of the building. Moreover, it was w eU 
known to those who had paid attention to the matter, tliat I ho 
loue t.tf a peal of beUs was far better when the machinery by 
which they were supported was altogether uncormccted with 
the sohd masonry of the buddiog. With reference to the new 
•ystera. Mr. Ferry commented upon the e\dls of unendowed or 
proprietary churelies, which, he said, necessarily led to tho 
total exclusion of the poor, because the inofjme of the incumbent 
and the expenses incidental to maintaining the services of the 
church had to come out of whatever funds were obtained 
/htm tlie letting of the ae^is, Architecta had^ ho thou^ht^ reason 
A? depjiL*eat4} tho pew ajTstem^ with ail Us abominations. Mr, 



Fcny eoncluded his paper with some practical hints on. ihie 
building of parsonage^nouses, explaining the egmtable nature of 
the arrangements for assistance made by the Commissioners of 
Queen Anne'a bountr. Ho sum greater than three years* valao 
of a hving op benenoe was advanced; but the pajmcnt waa 
extended over thirty years, and became a charge upon the 
property, which no change of occupier could afloct. Bj thif 
means the oc en pier for the time being was in no case bound to 
contribute a share to the burden beyond that for which ho 
obtained full value. 



INSTITUTION OF CIVIL EKGIKEEES. 



Ma$f 15, 1869. — ^The diicuaaion upon Mf . Bnmell's paper " On th0 
WaUr Supply 0/ the City of Farii^** cMcupiod tho whole eTenizi^* 

After the meeting, Mr. H. Temple Humphreys, Assoc, Inst, C. E,, «i- 
hibittd and explained, with dlagrami, an instrument oaUed the Ofclo- 
Bcope, for Betting out railway or other curyea, without tho aid of th« 
tranjiit theodolite, &g. Externally, it somewhat resembled a bos aex- 
tant. It WAB composod of two essential parts only, viz. ; two piano 
mirrors, oae of which was silvered over the whole of its surface, and 
the other oTcr one-half of its surface. By a law of physical optioi. 
which woe called either combined or successive reflexions, a seriea oi 
images would be formed in lb© half mirror, which were rendered ayoil- 
ahle to set out any curve of aay given radius, by appljring the eye to 
an eye 'hole in the book of the whole mirror^ and at tho same time set- 
ting the two mirrors at an angle to one another equal to the required 
tangential angle. Then the aeverol succeasivo reflected images of a 
ranging rod, for instance, wore seen to lie upon the oircumfereno« of a 
mathematically true circle. The curve was then readily set oat ia tha 
field by simply placing other ranging rods in lino with these several 
images. This could be done by laojdng through the uaailverod half of 
the half-mirror, and planting the rods opposite to and ovorlapping the 
BUOflaBsive reflexions. No error could arise in the monipulatioii, and ih« 
whole process of settiag out a true curve was shorten^ and sunplifiuedL 
After setting tho mirrors lo the requisite tangential aagle, no ftuther 
adjustment or support was needed than could be afforded by the top of a 
ranging rod placed at the commencement of the curve, and shl^^ 
Bionally to any etolce on the curve that the limits of distmot * 
might require. 

♦ 
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Cork Sprinfft. — In a recent report upon new mechanical ijk 
plications the fiecrvtsiry of the ^ranHin Inttitute called aiti»ntion 
to the use of cork in place of india rubber, as a support for 
freight cars and like heary vchicleB, Oiic would not be U^d by 

any meana to predict the efficiency of cork in thia connection p 

from ordinary impressions of its properties. The cork used for 
these »prin|^s is of the commonest description, har.sh» hard, andK — 
full of fissures. It is cut into diaks of about eight inchest* 
diameter, each jiierecd with a central hole. Previous, howcvern^ 
to cutting it, it is soaked in a mixture of molasses and wator 
which give!* it some softocs?* and renders it permanently moiat 
A numT>er of these cork di^ks are placed m a cylindrical eai 
iron bos, a Ikt iron lid or disk in placed over tbera, and t_ 
hydraulic pressure is forced down so as to nnluce the thickneasf 
to one-halt^ A bolt i.s then ruji through box, corks, and cover 
at the centre, and a nut being screwed on this, holds all in place, 
when the press is reUeved, and the box of compressed cork, 
disks, or cork-spring is ready for use. One of tdiese springs, 
placed in a testing niachine, under a weight of 20,000lbs., shown 
an elasticity .suggestive of compressed air in a condensing puntp, 
One woidd expect, from the appearance of the material, that 
tinder heavy prcsiHure^ it would be pulverized or spUt into shri^, 
cspecialtj if this prcHsure was assisted by violent shocks ; but 
in fact no such action ta-kes place. A pressure which destroys 
India rubber, causing it to split up and lose its elasticity, leave^s 
the cork unimpaired, and, with tho machinery in use, it has 
even been impossible, with any prcs.sure attainabh% to injur© 
the cork, even when areas of but one inch were acted upon. In 
connection ^vith this suhjeet, tho President, Mr. Wm. SeUers, 
remarked, at the coDcluiiion of tiie Secretary's report, that ho 
had for some tive yenrs, employed a forging machine in which & 
gipring of the form and material a6ove described was used and 
subjected to continual and violent shocks, and that its per- 
formanco hod been most thorougldj eatisfactory, with no eignj 
of deterioration. 
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I The strength of wrought iron in extension and in eomprcBsion 
m about the same, yet the hottom of the ship is usually made 
pnormously stronger than ilw top. 
Some iron skips, indeed, have no proper top, or only a wooden 
PDO. Mueh of the st reii^4h of the hot torn, wliich might other- 
wise be made availahle in giving «tr«ngth to the ship, eonsidered 
a« a floating girder, is thus wasted. 

I indulge the hope that the economical oonsidcrations pointed 
out may he not only useful in lightinin^ and stmigthening 
BUip>i designed for war. but in inducing pnvate Hhipbuilders to 
introduce partial iron decks ho formed into nhipii ucsigiied for 
commerce. I may add, tliat these proponals do not form the 
subject of any patent. 

^^^ GRAYESTOKES.* 

^^^H Bt the Key. £. L. Cutis, M.A. 

^^^TBT UB first take a rapid glance at the Mediaival graTest^nep, 
\o which we naturally look for models, or at least for jiuggcK- 
tiona, for our owti pruclice ; and first of all we may notice that 
the Mediaeval gravestones seem to he mndifi<'ations of Clas.*jical 
Tlie old ^oman sarcophagus continued to he used hj 
istinus. and was gradually diminished in sixe and modified in 
Tin, till it ttxik the shape of tlie tapering stone cotEn with its 
iped lid. A sarcophaf^is of Classic s^hape* Eomauo-GalHc^ 
ith Christian i?ymbr>ls. from France, sliows the transition from 
the Classic to the Mediaeval form. The ordinary hend-stone, 
with a rounded (not a cnu-iform) head, has its prototypes in 
rrek and Koman gravestones* On Etruscan fiflrcopmigi we 
ery commonly lind reclining efllgies of vl^tj elegant dei^ign, 
hich perhaps suggested the Mediaeval el!igies» though the 
titude and spirit of the figures in very different. 
The rude upright unhewn stone, of earher than Claasica! 
times, sueh as Jacob erected upon Each el's grave, was first 
rked with a small cross ; then the head was rudely worked 
to a cross shape ; and so it came to he develi»ped into a 
nished cr*j?«s, like the Eunie or Saxon crosses, and still later 
to the elegant ^ledireval ehnrcliyard cross. 'VVlien we put 
:ether the ancient examples which exist in the British Islands, 
e find a very large mimher of all the kinds which I have men- 
aoned, and extending in date from Eomau times dowu wards - 

But there is another kind of monument more ancient, more 

appropriate, and more universal than all the rest, viz., the 

rthen moimd. These were the monuments of heroes in the 

y* of the Trujun war. and how mui-h earlier we do not know. 

ey are dotted like low natural hills over the Steppes of 

artarf ; they are fomjd buried under the rank tropii^al vegeta- 

ion oi Central America, monuments of races of whom no other 

lOnument remains. In England ail the races who ImiT Hucee.s- 

ively inhabited the land have left those monuments behind. 

iTie British barrows in Salisbury Plain eome into one's mind ; 

IfcJid the Eoman tumiiJh erected over sepulchral chambers, and 

tli> Saxon barrows, in which we find the remains of whole fami- 

lie»f, the men with their rusty spear-heads and swords lying by 

her bones, the women with their gold-enamelled ornaments 

inn,flcd with their dust; and the low turf mounds, which the 

xttm heaps with his spade over the humble graves 'in our 

►untry ehurchyards, are the undoubted successors mid reprc- 

ntatrves of the barrows of our Saxon forefathers. Until a 

ent period the people were buried in them uucotlined. as their 

brefatners were. Alter all, it is the most approjjriate monn- 

aent. It tells us that there one of our fellow-men has been 

' laid in ground," as the old ballad says, and has displaced just 

lilial length and breadth of kindred dust which you see raised 

ftbove the general level of the earth ; that heap of dust is his 

ra t^ffisM, lor dtist he wa** \ the green grass which will grow 

otrer it will lie his BjTubolical epitiiph — '* As for maut his days 

are as gross." 

Ill England these grave-mounds are always of the low rounded 

sihape, with which we are all familiar. In Kormandy I have 

aeen grave-mounds shaped in imitation of a ridged eolfin-stone, 

and sometimes with a strip of turf raised Prom end to end and 

ride to side in imitation of the cross upon a tT-tlhn-stone. The 

&ld ty^M'H of montmient which have been chiefly imitated in our 

[iiodem Gothic gravestones are the reeumbent stone, which we 

ommonly call a cofiin-**tone, the upright head-eross, and the 

anx^phagUB. Let us glance at the chief peculiarities of these 

* From « p«|»«r re«d wX Ibe Architeclrury Sf aseum. 





ancient gravestoneg. The eoffk-Btones are iisuaUy long, narrow 
and tapering from head to foot, and prohahly always formed the 
actual lid of the stone eotfin in wbicn the deceased was buried i 
the coflin was stink till its upper margin was level with the 
earth, and then the lid formed his moiutment. SometimeB the 
lid is flat, sometimes it is coped, as if to throw off the rain. In 
nineteen eases out of twenty there is a cross carved upon the 
coifin-stone. When the stone is flat, the cross ia sometimea 
only outlined with bold incised hues ; sometimes it is sculptured 
in low relief. Tliere is seldom an inscription, asd then little 
more than a name ; but there is often a symbol of the calling of 
the deceased sculptured beside the cross. The cross itself was 
the symbol of the Christian person : when two persons, or man 
and wife, were buried tmder one stone, we find two crosses ; in 
one ease a little cross is added, perhaps the symbol of a cMld. 
The symbol of calling was placed beside the cross : a sword for 
a knight, a chalice for a priest, a bow and arrow for a forester, 
and a pair of shears or seissors for a woman. There is one 
t«ymbol frequently found attached to the middle of the shaf^ of 
the cross whose meaning has baffled aU our ingenuity. It is 

something like a bracket on each side of the ahaft m j ; some* ' 

times the lines are headed like those of a riband ; sometimes 
tliey are stiff, as if of stone or metal, and they differ a little in 
slmpe. There is one at Homings ea, Cambridgeshire, and others 
a! Helpstone, Peterborough ; the}* are vvvy common. There is 
a similar ornament on a lioman gravestone engraved in Mont- 
fa u con. 

Tlie thing that most strikes us, perhaps, in looking over a 
collection of dra\\ings of these eotfin-stones, is the endlesg 
variety of ingenious, fanciful, beautiful cniciform designs upon 
thern. Among them are some examjjles of a method of coimter- 
einking the design in a way which saves labour, protects the do- 
sign from wear, and often adds considerably to its effect by 
enclosing it in a kind of frnme. 

After looking over a collection of drawings of old designs, it 
would seem to be the easiest thing possihle to reproduce them, 
or to design modem ones in the ^ame spirit i but if we look 
through a series of drawings of modem designs, we shall see 
that the attempt to re]jrodnce an ancient design generally fails 
Fomcliow to retain the sim]ilicitT anil breadth and vigour of tho 
old one ; and the attempts to clesign new ones in the spirit of i 
tlic old are, I venture very humbly to 8ay» too often imsatia- | 
factory. 

These, perhaps, are some of the reasons of failure : — 

Tiie first, I tliink, is the shape. Tlu're is something pietu- 
resfpie in the long, narrow, tapering coffin-stone i but it derived 
that sluirje from the fact that it formed the lid of the stone 
eolfin. \\' hen we lay it over one of our modem graves it is in- 
appropriate, for it is not the shape of the grave over which it ia 
plaeed, and it is not large enough— wide enough — ^to cover it. 
It is a coffin-lid without any coffin under it : it is a gravestoao 
whieh is too sf^^nty to serve its purpose of covering the grave. 

But, Sadly, to remerlv this defect, and to make tlie monument 
larger and more imposmg. the eotlin-stone in modem practice is 
often mounted on a massive slab of stone by way of base. But 
this introduces another incongruity. The massive slab is the 
Teal gravestone, and it should be dealt with accordingly. I do 
not tliink it is a happy idea to take a stray coffin-lid (the taper- 
ing shape irresistibly suggests the idea of a eotfin did) and lay it 
U}ion the gravestone by way of monument. In the margin of a 
manuscript in the British Museum is a figure of Death on thd 
pale horse, who carries a taper eoffin-stone by way of a shield j 
to lay one on cmr gnivc^stone is to use it similarly as a symbol. 

A third soTirce of failure, I think, is in the clmraeter of tho 
dests^ns sculptured upon the co ill n- stones. If we compare the 
design and execution of the old gravestones with contemporary 
architectural sculpture, we shall find that, in the great majority 
of cases, the gravestones are comparatively simple in design and 
rude in execution. The design is generally bold and yigoroua, 
often ingenious and beautiful ; but. after all, it is simple, and it 
is only deeply seratehed or rudely r^rved on tlie stone, I can 
imagine that the cahgrapher of the neighbouring monastery 
drew the design on a scrap of vellum, and the local mason 
hatched it out with his stone axe. The designer showed some 
taste in giving such a simple broad desigu as could be effec- 
tively exeented by sueh nule hands, and the mason did hia work 
well when he had cut it deeply, or hatched it in relief, with 
freedom and vigoiir. But when thia kind of work v% ^<s^%4^ 
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witb our modem elaborat'e precision, it« vigour and spirit usually 
Tftnish, and leave nothing but a bald ana tamo re suit. When 
Buch a atoue is mounted on a ma«8iv€ base, and proteeted per- 
haps by an elaborat<e Lroa screen, the poverty o\ the design is 
made more eonspieuoub* by this sumptuous treatmeut. 

I venture to supjgest that the modem recumbent gravestone 
should bo the rectangular on plan, i.e., of the shape and of the 
size of the grave wbieh it is* to cover. The flat and the coped 
CO ffin- stones suggest two different ?Jtyle» of treatment. In the 
flat style, the siise of the stone leaves ampk^ room for an inserip- 
tion round the margin, to be enclosed ifinthin marginal lines or 
inuiddings. These will advantageously narrow Hie field of the 
stone* and upon this field may be placed a cruciform design. I 
think our modem tasti* requires for its satisfaction more elabora- 
tion of design and greater skill in execution than are found in 
the majority of these old coflin-stones ; and now thercr is not 
the slightest dilficulty in obtaining both. There are some of 
the old stones which possess these elianieters, executed probably 
where skilful design and workmanship were easily aec4?ssible. 
At Milton, Oion, ior example, there is a foliated cross in which 
the foliation ts of the best style of Early English foliage* At 
Hexham* N ort bomber Ian dt ttjere is an incised slab in which the 
whole field of the stone is covered with a pattern of vine 
foliage* In Lincoln cloisters there is a thirteentli eentnry stone 
whicli has a ** tree of Jesse," very well designed and sculptured, 
covering the field. The metho*! of countersinking the design, 
shown in some of the exhibited examples, is worthy of eonsidera- 
tion ; and both in inciHcd and countersunk work it may be con* 
sidered whether the incisions may not be filled in witli oolouriniL^ 
matter, if any colouring matter will resist the wt^ather ; or filh d 
in with coloured stone, if, again, snch inlaid work will stand the 
chmat<\ This method of inlaying with eoloured stone and 
marble, if it will stand our climate, opens up a wide srope for 
elaborntiou in a style which ha^^ taken a strong hold of tlie pre- 
sent t4iste ; only, again, I confess I ha\'c misgivings whether, 
except on a very simple and careful use of it, it will stand our 
climate. 

The coped stones suggest another mode of treatment. Let 
the stone still be rectangular in plan — not tapering ; mould the 
edge deeply, leaving a plain fillet among the mouldings, broad 
enough to carry the inscription, and from the upper moulding 
csarry up a plain urism, with a bold and simple roll nt the angles, 
to form a kind of cross. The tomli of William Eufus. in Win- 
ehest^?r Cathedral, is sonietlting after tliia kind. Ihie in tho 
Temple Church has seul])tured ornaments carried along the 
edges of the prism with very good effect. Or the mouldings 
may be made a little deeper, and a narrow ilat top left for the 
reception of a crucilbrni design. It is very usual in modem 
l>raetief* to add a head-cross and foot'St<me to a crossed coffin- 
atone. This, 1 venture to think, is also a mistak*^. It is an im- 
nccessarj^ combination of two diiJ'erent monumonts. WTiere 
there is a eolfin-stone witb cross and in.'^eriptton. a head and 
footstone beside are unnecessary. If the enas are rather high, 
and IcHik bare, cusp the gablea, or incise a symbol upon them. 
Where there is a head- cross, and it is desired to lay a stone over 
the grave to prot^^ct it, it should, I think, not be a regular 
ooflin-stone, but a plain and stmple st^me. without any cnu-^form 
device. There are some examples, both in England and on the 
Continent, of a variety of the coped stone which I can best 
describe as being on the plan of the roof of a cross church. 
The ridges, with a bold roll on them, form a plain cross. It is 
a very lieautiful design* susceptibh* of architectural moulding — 
dog-to<ith, l>all'fiower, &c„ the like in the base, and M' cusping 
in the gabled ends. Some of the modem adaptations of thi-* 
type are among the most successful modem designs I have met 
with. 

1 come now to the class of head- stones. There are two great 
ty^M.y. In one, the general form of the stone is that of a cross ; 
in ihe other, the stone has a rounded head, and a cruciform 
device is either incised or carved in relief upon the face of it. 
Very few nncient examples of the^e lK*a4^l-stones remain : there 
are hundreds of cofiin-stones \ of head stones only a dozen or 
two. Our modem designs for head-stones are, I think, less 
satisfactory than the modem cotlin-stones. This does not arise 
from the scarcity of ancient examples, for many of the cruci- 
form designs on the flat stones are equally applicable, willi a 
/iUM aJapt/ttion, to head-stones ; and the gable crosses, of vrliieh 
r&A^re m&njrRiw ex^jitples, woulil aUo &D'ml authorities easily 
fij€-d to tMe purposes of head'Hioueti. it is tlic latter type 



which has chiefly been followed in modem designs, and the 
fault in them arises almost entirely from making tne »tone toa 
lar^e — too high, and too wide. The fault does not fie with tht? 
designer, but with his clients, who will insist upon having a 
stone large enough to eontain a long inscription, or inscription^^ 
to several members of a family. 

The most noticeable thing about the few old head-at^mea 
which we have is, that they are small in siae and very simple in 
character. In the modem adaptAtion of them, a eniciform head 
of prc^TH^r size i.^ put on the top of a high, wide slab, and th© 
effect does not satisty the eye. Many attempts have been made 
to shape the slab so as to make it a proper base for the crosH 
witb more or less success. Some of the modern head-stones 
retain the proportions of the old ones, and look pretty well on 
paper j but when you see them executed you find that, though 
the old proportions are retained, they are magnified two or three 
fold, and that the result is the usual high, wide slab, ^nth n 
cruciform head of much too large a sizt?. In short, I have 
looked tbrt>ugii a considerable mini her of modem designs, in 
which the designers have attempted to solve the problem, and I 
come to the conclusion that it is simply impossible to combine & 
high wide base Tilth a cruciform head so as to produce a satis- 
factory result. We must, I think, try to persuade people to be 
satisfied with low and narrow head-stones. If such a stone 
seems too simple, and docs not satisfy the desire to have some- 
thing more sumptuous, perhaps we can arrange the matter by 
making the monument of marble and bestowing some e^irving 
upon it of a more artistic character than usual, t\e., |pve them 
tiie value of the money they insist on spending on art mstead of 
material. The greatest difiicidty, perhaps, will bo to persuadtr 
them to be satisfied with a very short inscription; and anything 
but a very short, unostentatious inscription will spoil the effect 
of the design. We might, perhaps, obtain leave to have a 
proper head-stone if we put a flat stone behind it, on which an 
epitaph might be inscribed ; only this stone must be low and 
narrow, and unostentatious, or it will spoil the effect of th# 
head- stone. 

The other type of head-stone, in which the stone is cut into 
the form of a slender cross, does not seem to have been much 
followed in motleni (h'sign i probably because it oflers stdl less 
space than the other type for inscriptions ; but I think it offers 
scope for a wide range of designs which would be artistieaUj 
satisfactory. What we especially want iu the monunietita for 
our crow ded cemeteries is groat variety in their general form; 
and this ehtss of crosses, ranging from a slender plain cnjsj ft 
foot high up tf) a tall cross of the ordinary '* churchyard crow" 
kind, or even to a cross of the Eleanor Cross type, oflers greater 
scope for variety in dimensions and outfine than any other. 

Most of the ancient crosses of the head-cross type which 
remain to us are of early dat^, and of Saxon charact-er, I have 
seen some of them reproduced in modern designs, aud I do net 
think the result is satislaetory. 1 do not believe there is any 
great beauty to our eyes in the intricjite interlaced work ia 
which the Northmen so much delighted, or that we a|>preci«te 
the mystical meaning of the lacertine monsters which tiiey used 
so eommonly in ornamentation; and I doubt whether the? 
pecidiar outline which we find commonly associated wntli such 
ornamentation is that which our modem taste desires. Of 
course, some people take pleasure in the reproduction of those 
forms or they would not reproduce them, but 1 think it must 
be an antiquarian pleasure oerived from the associations which 
they awaken rather ihan from the intrinsic beauty of tht* 
designs. 

The great majority of the tall crosses to which I have pointed 
as aflbrding a suggestion for monumental crosses aro of this 
early type. Of the station and rhurchyard crosses of Gothic 
design ivv;- have es.^*apcd mutilation ; a st^^ppcd base and broken 
flliat\ may be seen in hundreds of our villages, bxit the head— 
the crown of the design — is almost alwnys broken away. It i* 
quite a wonder to mo that, while people liave bet^n rrvivinU 
everything else Crothic that tras beautiful, they have not revived 
the chtirchyard cross. It was not the early Keformere who 
broke them down, it was the Purit^ms. Soine of them may 
have had superstitious images ufM>n them, and may have de- 
served to be brf>kcn dowTi ; but it is easy to restore them with 
a cross heail, or with a seulptured group which has nothing 
objectionable in it. J should bo very gbd to see all iht* old 
ones restored, or a new one erected in every churchymnl. I 
do not know any sraall architectural work which is mory beami* 
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CO and appropriateness as tke ornament of 
cemeterv aro manifest. 

Bepulckral ornaments of this kind might be 

tliu one chnrclijard cross, it ha« to he eon- 

would look to htLve several snrh crosses in the 

d. if they were not too numerous, and if they 

raricd in general size and form, there would 

here are two at Penrith of the same Bize and 

liej&d and foot of a lon^ spneo, enclosed hy very 

rciilar stones, c^led the Giant's Grave; thev Ao 

pother. There are two at *Sand1>ach, Cheshire. 

place, so close together that their bases touch one 

Bfe- of different size and desipi, though of simitar 

kcter, and they form a very picture^iqne p^ronp, 

Irations we sometimes find thn e or four tall 

iroBses represented in the same eluirchyard, Th<^ 

kp09 would be distinguished fnnn sepulchral nionu- 

Itae type by being placed on a hase of steps ; 

$Milj Eaye a further pre-eminence giren it by 

b design or subject of its sculpture. It rai^ht 

tie symbols at the anejles of ita haae, and a li^iire 

ftint in a canopied niche on its shaft. The monu- 

would, I suppose, not have the same npreading 

!unted baiie, but would rise from a base which 

;rayc, and that base would a6!brd ample spac« for 

u 

ry common form of modem monument is the high 
i not seem to have b»^cn used as an outdoor monu- 
iarral times ; but now-a-days it oilers the supposed 
a more imposing and sumptuous monument tlian 
n-stone or head-cross, ana is the redo re popular, 
lodem designs are adopted from the ohl sareopbagns, 
iphagus» hewn out of one stone^ was a very nmssive 
monumeiit, and derived solemnity from the fact 
ly contained the body of the deceased. Some of 
denigns liare the modified form of a Medifeval 
a modem high tomb, which is built up of aeveraJ 
t imposing from its massiveness, — tt is only a very 
J and it has none of the solcnmity of a sarcopliagus, 
led the dead, or of the interest of the shrinl", which 
saintly rehc. The body lies in a grave beneath, 
ior of this sham sarcophagus or shrine is empty, 
drawing for one wliich I saw tlie other day there 
ition written on the section of the interior : — ** To 
rubbish ; " brickbats, I suppose, and fragment;s of 
renient way of getting rid of the mason's dt^bris, 
ul, I think, to illusti'ate the inappropriateness of 
IPfiument. 

tfthe high tomb is a copy of the Mediawal altar 
J prototype, I suppose, the body was contained 
:)mD, and niasHCs for tlie soul were ofiered upon its 
I is doubly inappropriate for modern use. These 
the high tomb may, however, be easily removed 
the spare beneath the top, whether the top he 
*ff,, by mounting the top on columnsj or by piercing 
'dcs in panels, so as to sliow that it is only a 
b mo»mt«d on an architectural base, 
of tyye is a great desideratum, I will suggest 
»ble tomoB, with a square tester over it ; there are 
ttively m*3dern ones (seventeenth century) in Wales. 
Eble tomb, with a canopy over it ; there are two m 
Ijard, Cheshire, with effigies lying on the high 
ieem to liave been sufficiently protected from the 
he broad ogee canopy. 

le greatoist ditficulty the designer has to contend 
ig monuments that shall look efrective is, that the 
ire so crowded together in many of our churches 
»s, that they make the phice look like a stonemason's 
I designs ruin one another. This crowded appear- 

Gated by the unnecessary size of all our monu- 
tones on massive bases, head-stones three times 
broad as they should be, and other types of monu- 
Mtme over-large scale. If the monuments were less 

^morc greensward* which is what la wanted as a 
pieces of arcbitei-ture. 
oft-i-n obtain a broader foil of green, and a more 
Ition from neighbouring monimients, hy fudieioTLs 
pubs and trees. A better efibct for our own monu- 
it«» neighbours aUo, may often be got by designing 




the monument with reference to the place it has to occupy, J£ 
there are many head-slones about the place, a flat gravestone 
will have more individuality, and vire versa ; if the neighlKDur- 
hood is only too crowded already with both eoffin-Rtones and head- 
stones, a sk*nder head-cross may be relieved against their 
brtMuier forms, or a short massive cross, like that at 8l. Buryan, 
will assert itself by its solidity, or a tall ehurebyard cross will 
make itself conspicuous. The best efPeet of all i^ Juld be obtained 
if one-tenth of the people woidd erect monuments, and all the 
rest would be content with plain turfed grave-mounds. 

What do we want any other monument for ? Partly as a 
lengthening out of the last sad otiices of affection — a doing 
sometliLug more to show our love and regret ; partly, I suppose, 
to ensure the grave from violation ; partly to torm a more 
permanent record of the place to which our visits of affection 
may from time to time hv jiaid ; partly it is to keep the memory 
of the lost one alive a little longer among men. 

To preserve the grave from violation ;^a very natural feeling, 
and yet, alas I how vain the attempt. Go mto any village 
ehurebyard and look round you» All the generations of the 
uihabitants of that village, from its first Saxon settlers down 
throngh 1,300 years to the fathers of the present generation, 
have been biu^ed in tbnt churchyard. How could you preserve 
their graves from what you call **' violation Y" And, if you could, 
why should their graves be preserved from ** violation P" They 
passed away fn;>m the fields which they once tilled, and a fresli 
crop of sprmg corn is at this momei^t green upon them, sown by 
other hands. Thev passed away frcan the houses which they 
built, and others' cliildren are now cradled w ithia the old walla. 
And so their dust was mingled ivith the eartb of the church- 
yard, and successive generations have been laid over and over 
agaia in the same graves until their dust is indiatinguishably 
commingled. You cannot preserve them from violation. 

Hut you want to mark permanently the place where your own 
dead lie, and to keep their memory alive among men. Well, it 
might be ejmical to say that 3'our owti memory ought to be yaw* 
own suflicicnt rememljrance of your dead, anti that you vnB. 
strive in vain to make the world remember ihem unless they 
have themstrlves done something to l>e remembered for. At 
any rate, a gravestone will not serve the puq:)ose verj^ long. 

What lias become of all the old gravestones P In puUlng 
down old churches, to rebuild or repair thcnu, we often Gnd * 
churchyardful of them built up in the old walls* as at BakewoU, 
Doucaster, and Helpstoue. And, dcjM'nd uocm it, &ur monu- 
ments will no more remain inviolate than tliose did, and may 
chance to \w put to much viler uses. Wby^ if everyljotiy a 
grave had been kept inviolate, and everybody s friends Lad put 
up a stone moDument to perpetuate his memory, there soon 
would not have lieen field,s left for meu to grow tlieir corn and 
uasture their cattle upc»n ; the mountains would have been 
levelled for monuments, and the face of the whole eartb Mould 
have been crowded with monumental lumber. Let us be 
satisfied to have our dust mingled, confused, lost, amidst the 
dust of our fellow men^ there will be nothing wanting of us at 
the resurrection: let us be content to liave our memories fade 
out of reni«mibrance in the world, if only our nacnes are written 
in the Book of Life, 

^ ^- — ■ 

INCIIUSTATION IN MARINE BOILEES* 

By P. Jbnsen. 

The queation of keeping manne boilert free ^m dcpofiil or iacriM* 
tati<ma has for many years been ano of the moat prominent lycfore tba 
prufi saion ; in fact, ever since the first steamer entt^red a^^a-watcr, and it 
i» stilt well worthy of our doseet attention. It presentu itself to ya 
prineipnily in three distinct forms, vie.^ safety against explxiioDft^ 
economy of fuel, and durability of the boiler ilaelf All know that se*- 
water ciiuses inciiatration and corronion when boiled in a doM voMel ^ 
likfl a. steam boiler. It ia not, however, intended to enter into thtt \ 
quettion of internal corroeion of marine boilers, though o!o«elj oonneoted 
with the subject before ua, for fear of extending the length of tkk paper ; 
but, we may, in paaaing, note the fact that internal eorroium below tka 
level of the water in a marine boiler does take pUoe to aome extent 
where the scale has been removed ; but that otherwise thia scale, so 
injurious when allowed to sccum^ate to any thiokni^s, acta the part of 
a shield or protector to the plates of the boiler against the action of 
certain salts contained in sea- water, of which the muriate of magnena 
ia by far the most deetruotive, tbooghi happily, the amalleat in quantity. I 
And here the author may be allowed to call the atlcntiDn of the meetiag ' 

* B<ad before th« fiodctj of SngiiMai. 
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to an excellent paper "On tb© Wear and Tear of Boilorw/'* read be- 
fore the Society of Art*, in 1865, by Mr. F. A. Pag«t, who treats 
tha lubject of corrosion of boilers very fully. In the ordinary pro'^lice 
of Msa-going Btifamerfi with comnjon C!t>nden8€r8 the feed- water is drawn 
from the hotwell of the eondensur and thence f<>rc0d into the bi)iler at 
some point or points near the bottom, and at a temperature of about 
110 deg. Fah. The ovuporation of steam h-a^es all, or sensibly all, 
idioe or other eitraneoua matter coDtainod in the water behind in thu 
boUeT| and, unless some means w^re adopted against itt wo afaQuld^ of 
ooonet Boon get the boiler chokt'fl with incruataliorj or deposit. The 
niBaiia propoaed or a^rlupted for thf ji purpose are many and varied, at 
will be leen in theiequel [ but tbts muuh u certain, that any oonBiderabIa 
thickness of scale allowed to accumulate renders the platos impervious to 
heat to a great extent* aA tliis aeale is a bad conductor. The hii-at 
generated in the furnace, huating tho plate next to it^ cannot readily 
enough pt^netrato as far aa the water, which, if in eonslant circulatiDn^ 
continually exposes fresh particles to the action of beat. The consequence 
is the oTerh eating of th^ platen, and this to such an extent that holes 
may he burnt nearly through, leaving a sheet of iron the ibieknoss of 
writing puper. That explosions do and must occur by thus weakening the 
plate* or by rents thus formt-d i« an established faot> and has for years 
formed tho flubject of many investigations and different theories. Bat 
even only partial exploaions, oauaed by rents or collap^io of internal 
parts of the boiler, have proved dangerous by scaliling tho^ie that 
nappencd to be near at the time. The oondutjting power of wrought 
iron decreases with the temperature, so that at 400 de;^. Fah. it nas 
little more than half that at 3i deg. Fob. ; bow it stands with still 
higher temperatures we do not know as yet If, from same reason or 
other, such as the coating of the plate with incruAtation, which haa 
alsteen times less conducting power than iron, the plate with its 
covering of crust should become heated to above 340 deg, Fah., then the 
water would exist on its surface in a spheroidal state, and thus only 
slowly, and by the forcible injection of it by colder water, enable the heat 
contained in the plate to diffuse itself into the water ; thus the plate 
would get hotter and hotter, and at lost bum or oxidise where next to 
the fire. It is thus that plates are burned nearlv through on account of 
incrustatioTi. Important as la the question ot the safety of the marine 
boiler against explosions, it cannot be denied that the economy of fuel, 
as regards marine boilers, has at all limea — b«tiog a mere question of 
pounds, shillings and penoe — commanded^ it is believed, as mueb attention 
as tho consideration of human lives. Witn<-*is th« numerous patents, 
amounting to about one hundred and fifty, that have been taken out in 
this country for the prevention of incrustations and consciiuent loss in 
evaporative duty in marine boilers. Now this is not an occasion for 
speaking about the patent laws, or entering into the desirability of 
maintaining, altering, or abolishing the same \ but as one afgument in 
favour of maintaining them atruck tho author while preparing thi^ 
paper, which has a direct hearing on this and most other engineering 
questions, it would be worth whilt* to hear what th^ opponiDts of the 
patent laws have to say against it. The question is simply this, how 
and where should we find a oomptete rooord of the progress uf en- 
gineering, inventive, and pn^gresai?© talent but for the record of the 
r.atent- Office ? In spite of all the nonsense that is pateut4:d, no doubt 
I in so her earnest, still we find a vast amouut of information in tho 
■peotfications of patents. Would those that apeak against patt-nt laws 
like to do without the patent spedAcations } To return to the subject — 
it haa been aaid above that the aoale has 16 times Jess conducting power 
than iron. In on inquiry on incrustation of marine boilers by a 
Frenchman, M. Couate (Annnlea dea Mines, 18M), the follnwiug is 
stated:— That with marine boilers, starting quite clean inside, a loss 
of 8 per cent, or 10 per cent, of the evaporative duly of tho tuul takcii 
place a titer the first few days' work (a fiict every marinfi engineer is aware 
of). At Bordeaux he found Id per cent., and at Havre, nfU^r some days* 
oonatant work, he observed 40 per cvnt. In general piaLtico, he says, 
it has been estimated that 40 per cent, of the heat of the fuel is lost by 
internal incrustation or deposit. He gives the following analyoia of the 
incruatation of French ocean steamers : — 
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The water contained is believed to be mechanically present in the 
pores of the scale, snd not chemically dissolved. Of course marine 
boilers are scaled aa often as it can he done ; but for long voyages it ia 
i»/iea out oi ^uostion. Starting with 201b. prcasure in the boiler, and 

*30eCS,4^A. Jifummi, foL 38, p, 161, 
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f lean firea, it is generally found that, on the seeond or third day, in epiti 
of greater exertinni of the ntokcrs and harder ^ring, only 191b., or 1 
can be kept conatantly, and this loss in efficiency goes on at on increastn 
mte. In eight days* constant steaming it baa been found (in one 
infttanc?) that, starting with 221b, pressure, the same waa reduced to 
i5lb. at the end of the voyage, this, it is supposed, without ataB forcing! 
the firing. Take anotiier inHtance, at random, thi* Persia log, from yeaij 
1858, September .10th to Of;t4jber 9th, inclusive:— Total numlwr 
nnutical miles travelled, 2,88(5 ; total quantity of coals consumed^] 
1,402 tons. But whervas the iKimiumplinu of coals per hour per indioat^dt^ 
horse power was 3-9fl on 30th September fit Jefl New York on the 29tb), 
it had increased to 4*314 on tho Btb of October (^r***aw. May, ISdO). 
Those few itema illustrate sufficiently the weB known fact that incrus- 
tation, even only as thick as paper, has a very great and perceptible 
infiuencf, tending to counteract the economy of fuel. 

As to durability, marino b<>ilerfl, with all care, on an average onljr lasl 
five years; but this is chict^y owing to interuiLl and external oonroaioii, 
rendered more intense by the salts cuutained in sea- water, which, heaidsa, 
promote galvanic action in various ways. This must be underatood to 
apply to boilers properly managed, that is to aay, in snob a way that 
onl V a very thin scale is allowed to be formed ; for, as mentioned above, 
if thick scale ia formed anywhere in places exposed to the heat of the 
furnace or the escaping gases, this circumstance contributes directly to 
tho burning away or oxidiiiing of the plates. This fact, that marina 
boilers wear out so quickly, must, as far as can be seen at present, M 
remain uoaltored so long as saltwater is employed, and, in spite q(H 
repeated trials, and more or less success in surtaee condensing, still vn 
are far from the general introduction of surface condensation ; and, con. 
sid**ring the vast number of marine engines in ejnatenee worked with 
common injection condensers and salt water in tho boilers, the importaoce 
of the subject undt?r consideration is loft intact. It ia now proposed tu 
g\v& a general explanation of the action of sea-water as it obtains in thu 
marine boiler. The specific gravity of sea*water varies according to 
difierent localities ; and calling that of pure distilled water 1,000, tba ■ 
average specitic gravity of sea-water, accurding to Faraday, is 1,027, m 
For sea- water of tho specific gravity of 1027 2, such aa he nsod in bii ■ 
ejipf'riments, one cubic foot weighs fi4<14l6 lb., or 1025-265 ox avoir* 
dupois, and contains of 



Chloride of sodlam, or eommon salt , 
MuTJht«of fiasicDa«}ft ... 
8alpl]»t« ofiDiigDftsiA , ..« 
dulphftte of lime 
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besides smalt quantities of other aalta^ but too minute to be of any 
consequence, 

Bt. Ure found the largest proportion of salt held in solution, in tbe 
open sea, to he 38 partH of |,U00, and the smullest 32; the Bed Set, 
however, contains 43 parts in l,noo , the Bdtic contains 6'd; the filaok 
Sea, 21; the Arctic Ocean, 28o; iho British Channel, 35*5; and the 
Mediterranean, 38, 

1'he foB owing table shows the boiling point and sp^cifio gravity of 
water of different densities at a barometric height of 30in. of Mercury:— 
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The deposit of salt begins at a density of t^. and at ^f we have trnnA 
at the point of saturation, or tho point at which water is iiieapaWfl »i 
dissolving any more. According to M. Cotist6, an imperial gidloo of 
water is capable of holding in solution, at 60 deg. Fah., and it bofliaf 
point, viz., in the open airp the foUowing weight*, nearly :— 

At «0w Fmh, 

Csrhonate of lime ... « Morr); tm^i^'t 

Biliea ... ^ 70 fntini 

bul|>bHt« oftime ... ^ ••. 17(1 *, 

Ciirlioiiato of nuf^t^JR 9'25 quqcm 

Biilphnt^ of potaaiiam ... ... 10 ,, 

Cblonde of Bodiatn 32 „ 

Chloride of mihgoMiuo i^. ,„ SAtt „ 

Uitr»T#of lime ... ..i »« b*^ ., 

Chloride of limfl ... ... ... 640 „ 

The order of decomposition in the holler as tho water beoomei <oor 
centra ted is :— * 

lst| carbonate of lime; 2nd, sulphate of lime; 3rd, the aaltx of Itos 
and oxides, and some of those of magnesia ; Hh^ silica or alumium u 
with more or less of organic mailer; and 5th, chloride ofaoditun ^ 
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Now it IB well known that lulpliatG of Hme ia the warst 
ilti in a marine boilor. We have seen that jil, or 37 in 100, 
It iif fiatumiiun fcr <x»mcnoii ealt, hut in the case of s€!a- water 
tain? other salts besides, 3fi parU iu 100 laturato at 226 deg., 
a hundrt-d at 228 deg« Now, laking 20lb, prpBSuro, wbicli is 
ircvfliling now, tlii*^ wiih a ftaluratiun of -I'V- to a riae of 1*2 
ll according to Pri)feft*or Eankini?, coireapondg toa tempcratum 
l'9 deg. Fah. How much aalt can be held in aoluliou at that 
re ia not known lo the author ; but it ia well known that the 
leereaaei with increa&cd lerfipiTaturCf ami this is the reason of 
taring yet arrived much beyond 201b. preaaure in manno 
rking with aalt water* In marine boikra we have chiefly to 
alphate of lime, the proportion of iho same »o largely pre- 
igin the incriutaiion on aoalysia. As to onrbonute of lime, 
y to hojlera la fortunalely not a conatituent of aalt water, 
lliB Mediteiraneao, which cont&ina a tr«co of it (001 in 100 

9 of lime forms dopo&ita at all tetnpeimlures and all denmliea. 

10 contrary, forma depsjaits, aa we hiTe aoen in the foregoing, 
oj|t4<nt execpt when in the quantity of /^ or y^, the quantiiy 

le required for saturation dicrcfiHing willi increased tempi ra- 
the amount of defio&it that will take place long before the 
aturotion having bean arrivtjd at^ tncreasiog wiih increasi^d 
re or prvaaure. Sulphate of lime will deposit at any tempera- 
it ici happens that incrtfise of temperature also inurt^aBea the 
deposit of tbia ealu for, according to M< Cou6t£, the lolubility 
.0 of lime at difftrcnt tt!mperature8 is as follows. The table 
h« aolnbility for different temperatures, as well aa degrees of 
ieiaat whiuh the saturation of adphato of lime takes place : — 
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bmble, and that of the amount of salt whieh can be held in 
high pressure^ say 201b. — a table, the author believes not to 
aywhere — would give tia, as near as possible the quantity of 
oogbt to be blown out of a boiler to prevent, 1st, actum u- 
iloride of sodium, and, 2nd^ the depoBition of aulphute of Hme 
ntity injurioua io the boiler in any high degree. True, there 
f of getting over the difficulty, viz., working with a lower 
ut this is out of the (question for several reasons, and we must 
experience and experiments as our guide. From the foregoing 
leaf that every pressure requires a different treatment and a 
Qount of water to be blown off. If we blow off more than is 
prevent accumulation of salt in the boiler, we have to puoip 
tiantity of feed-water in, and consequently a great amottni of 
lime in sulution, which will be deposited aa a nard, tenactout 
the other hand, if we blow off too little, we will certainly get 
te of lime» but thie aecumolation of common salt will ulti* 
ke the paaaages in the boiler. This maxim, though true in 
Qodtfied in practico becaose of disturbing elements, viz., the 
s rapid circulation of the water. To strike the just balance 
fore said, necessary to be guided by experience. It setma 
Dce has prevailed in high quarters till very late years because 
datft. Thus, we &id that Mr. Jamea Kapier read a ^aper» 
ifore the Institution of EogiDeers of Sootlandf in which he 
©d the use of a much larger regenerator (a sort of tubular 
heater, the heat of the brine blown off being made use of for 
ie)i and blowing off to a greater exletit tlmn generally Qsed. 
e experiment himself, and gave the re suits in a paper, read 
rth, 1854, before the same institution. Fcr the aorew steamer 
timding regularly betwei:D Glasgow and the Hebrides^ he 
imtmtor of ten times the usual surface, and blew off to such an 
» keep the density of the water in the boiler at very nearly 
rfnt as the water in the aea. After four weeks' running, the 
examined, and inatcad of iti being dean and free from scale, 
to his surprise, it waa ooated with a much thicker scale 
Qflual otrcumstinccs, but soft, like newly made mortar, but 
:d hardened before ho could get it all out, and it was then 
ifficuU to scrape as the ordinary hard scale. On one voyage, 
U present himaclf , he gave the boiler as mueh feed ai the 



pump w<iuld do, and he observed then that tlio water in the gauge glasa 
waa muddy. Ho continued the experiment for six months, but with 
lesser quantities of feed, and blew off till the tubes of the regenerator 
gave way, and then ho d is con tinned. Ho saw then M. Couale's paper, 
and the table contained in tho same, which shows that at two atmos- 
pherrs pressure sea* water becomes saturated with sulphate of lime even 
at the ordinary density, and as he loaded to ^Olb., and generally worked 
at SOlb., he saw at once the explanation of the phenomena. Although 
he blew off constantly from tlie surface by a conical tube, only some of 
the depoait of precipitate matter could be got rid of. TMi t&lUea oxaetlj 
with the oxperience of some others. Sorue steamcn In the American 
navy work with about or nearly 301b. pressure and salt water, but it ia 
belirvcd not with our ordinary tubular boiler, but with long cylindrical 
boilers, having large round tubes and Y<?ry ample waterway. In the 
discussion following, Mr. Elder said he had worked marine boilers 
with 301b. to 361b, and salt water. One naturally expected to find 
moat deposit in that section of the boiler which contained most salt and 
and lime, hut in a bailer divided into eighteen parts (supposed to refer to 
his spiral Hue high-pressure boiler), he found that though in the last 
SMJtion tbere was two -and -a- half times more salt in the water than in 
that of the ffrat seetion, yet the deposit of lime was about equal in all 
parts. Ho oonoluded that tho amount of deposit of lime depended on 
the temptraturo of tho water, and nut on Ino quantity of lime in it. 
The Americans, he said, ran with 401 b. pressuroj and did not appear to 
suffer from dL^poait, but they cleaned the boiler whenever they came into 
port. He found the deposit to bo grcst^pst where there was no current. 
He had observed boilers running with 4ilb, for three or four months, 
and there was not much more deposit than when working w ith 251b. Ha 
believed that there was a greater tendency for tho limo to separate and 
deposit, but it did not neeeaaarily settle down on the heating surface of 
the boiler. 

The Meehamc4' Magudn$^ in on article on Incrtistatioa in Marine 
Boilers, Februaiy 24th, 1860, mentions Mr. Jamea R, Kapit^r's paper, 
and aisumea, for want of better daia, 28 parts of sulphate of lime to 
1,000 of solution as the limit of saturation in boilers working at a pres* 
sure not exceeding 201b., and finds that, with this assumption, half the 
water mast be discharged to keep the boiler clean, and thii is affirmed 
by the practice of the British and North Anierioan Mail Company and 
ouiera. Mr. Thomaa Rowan found that when ho bad evaporat^ 

iV of ^bo witer a traoe of &ulpbAlB of lka« depoaiuid 

•h » '* " 

^ „ inlpbate of lime depo«it(>d In large qoaadtiasj 

A ». ** .1 d»oided 

f *i ft v^ry lirj[8 quK&tiUM, alio msfnesii, 

and Milt began to form. It ia probable, thereforL\ that half or more of 
the water would have to be blown off in order to prevent formation of 
crust. This means that the dcnHity of the water should be kept at jfVi 
lor as aca water contains ^j in its pure state, it is evident that half the 
wattjr must be blown off to keep it at double its natural deni»ity. It 
may here be remarked that a density of ^\ ia very generally kept in 
marine boilers, using about 20lb. pressure of stesm, and if this be 
constantly and carefully attended to, no considerable or deleterious 
thickneaa of scale acctimulutes, at least in places where the oiiculation ia 
good. 

We come now to a brief survey of the various means proposed or 
adopted for preventiog incrustation. They consist in 

1. 6ut^ace condensers. 

2. By heating the feod*water to such a temperature before entering 
the boiler, so as to oblige the sulphate of lime and other salts to accu- 
muLite in the heotcr onlv. 

3. By introdueing various substances into the feed-water before 
entering the boiler, the feed- water at the same time being subjeoled to 
heat so OS to throw down the salts without allowing tho aome to enter 
the boiler. 

i. By introducing various substances into the boiler so ia to neutralise 
the effect of the salts, and 
6, By blowing off in the usual or various other ways. 

1 . Surface condensers : This scums at once to do away with tho 
nuisance ; the economy anticipated has not, however, been quite realised 
in practice ; it has been found noc^asary to inject a little salt water 
along with the distilled water from the condenser, and the duration of 
the boiler hskS been fimnd in many cases to be even shorter than with 
aalt water, on the reasons for whicn it is not thought neoossary to enter 
iuto here. 

2. Heating tho feed- water before entering the boiler to such a degree 
that tho aalts are supposed to be thrown down into the heat^ instead 
of the boiler. This looks very feasible, but after aU it amounts to 
shifting an evil from one place to another; let the beater be choked with 
salt and incrustation, and the engineer in charge boa his hands as full as 
ever. To be admissible on board ship it must be oompact, and at the 
same timu accessible for thorough scaling, two oonditbDi not very eaiUj 
reconciled. The most practical shape is that of a castn^ with a number 
of dishes or shelves piled on the top of each other, which can be token 
out and r(:phiced by dean ones in a short space of time. This plan hofl 
been patented by Mr. Spencer, No. b96, and in 1364. No. 86, by 
M, K. Martini a French eivtlenginoer, Itia possibla that thii idea, by no 
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nie«EB novi^l, pottesMt practical value, and at some future time may 
prove fucceuful. 

3. The pJan of medicatjng tbe feed- water io a heater before it is 
admitted to the htnUr, feasible and corrocl in principle as it appears, 
resolvcfl it-^elf, however, into a commtTcial question, and is oontingcnt 
upon the price and bulk^ and other qualitiea of the eubetances proposed 
te be used for DcutrBlifing the salts contained in the feed«water. Mtiny 
sabetances have been proponed for this purpose, some evidently not of a 
harmless charactor ns regards the iron plates of tho heater, tomo evi- 
dently so expeniive as to hi* out of question* and only ono or two of a 
really feaaible cbara<rter. This latter class wEl be treated under the 
next head, 

{To bt eouHnurd,) 



IMPRO^VTEMENTS IN PARI8. 

Trkri !■ no diminution in the work of demolition and reconstruction 
which has now for several years proceeded with such unprecedented 
rapidity, and which seem deatioed in the end to obliterate nearly all the 
old landmarks of the city of Paris. The alterations which are being 
jDsde in the neighbourhood of tbo Champ de Mars are» with a view to 
the coming Great Exhibition, being pursued with more than ordinary 
vigour ; the excavation of the- heights of the Trocadyro far tho new Place 
of the King of Rome, so namud from the fact that it was on that spot that 
Napoleon proposed to erect a palace for his son, the young ** King of 
Uojdg" are being carried on by night as well as by day. Thousands of 
eubio yards arc being carried bv rail across the Seine to the Champs de 
Uara every day. It is at night that the sappera fire the miaes which 
are gradually reducing the heighu of the Trocadcro to masses of rubbish. 
The earthworks are completed in parts, and the ground is being levelled 
for the grand esplanade of tho Place du Roi de Eome, This eaplaoado 
will bo upwards of 1,600 feet in length by about 800 in width, and there 
will bo eight wide boulevardf or avenues, in addition to the bridge of 
Jemt, loading from it to various parts of Paris and Passy. 

An interesting discovery was made the other day in tbe old isknd of 
the Cite, in tbo demolitions now going forward on the site of the new 
building for the hoapiral of the Hfltel Dieu, An enormous oak beam, 
more than fifty inches squore, was found in one of the oldest houses; it 
was but little wonn-eaten or decayed, and on one of it* faces was found 
the following inscription, in rude' but perfectly legible obaracten ;— '* I 
was plaoed here in the year 1150, and I was 600 years old when I was 
taksn out of the forest of Rovray." If this description ia autbentie, and 
the age of the tree were not overestimated, the tree from which this 
gigantio piece of oak was cut must have been almoat contemporary with 
J^arlomagne, and the wood must now be more than a 1,000 years old. 
One of the most remarkable inatances of reconstruction now under hand 
IS that of the corner of the Palace of the Tutleriea nearest the river, 
called the Pavilion of Flora, and the long gallery which connects it 
with the Louvre. The pavilion, finished as regards tbe main work, is 
now in the hands of the sculptors and decorators, and begins to present 
a very impoaing aspect. Tho upper part of the pavilion has two very 
important d?corations ; on the weiUrn face an oruaroentol fronton, sur- 
moimted by a colossal group of three figures, representing War, and, on 
ttie southern face, another group of the same dimensions, illustrative of 
Peace and Agriculture; the former of these beautiful frontons ia by M. 
Caveher, and the latter by M. Carpeaui, two of tho moat eminent 
•culptora m France. Tho wing, whieh will include, in that part nearest 
ta the pavilion, a new ioiU dUUf, or ball, for the meetings of the 
Emperor and the racmbcn of tho two chambers; in the other portion, 
the extreme end of the great gallery of tho Louvre, whioh has been 
demolisbed^ and, b*dow, a seriea of fine arcades giving aocefls to the 
Place de Carrousel, is not so far advanced as tho pavilion. Tt is, in fact, 
a very extensive work, and consists of nine parts, each crowned with 
i^Mi'?*^')^, and tbe styk is in accord with the beautiful gallery of 
which it is a continuation. It ia, moreover, the moat elaborately 
decofmtcd work which has been undertaken in Paris for mnny years ; 
the whole of tbe upner portions of the building are covered with sGulplure 
And oroameata. Tbe lower part of tbe river front is Doric, with fluted 
pilaaters ornamented with vine and ivy leaves, tbo capitals boaring 
aons heads, crosacs of tho Legion of Honour, and bees. The pedimenta 
ire alternately curved and pointed, and the frontons an) decorated with 
the foilnwing sculptural works : ^Agriculture, by M, Carrier- BeUeuae ; 
^Bvigahon, by Madame Bcrtaux; Astronomy, by M. Ferrat j <3oiii. 
iTierce, by M. Choiselat; Ampbitrite, by M. Cabet; Concord, by M. 
Walter; and Sculplure, by M. Pcrray. The roof is pierced by two 
^m of Mghly decorated dormer windows and otht-rwiso ornamented. 
Xha itmer side of the wing is of the Ionic order, after the model of the 
^Inl portion of the palace, by Philibcrt Dclorme. Tbe friexe ia 
decorated with subjects representing commerce, war, music, and the 
'**™5' The first floor is Corinthiun, the capitals of tbe pilasters bearing 
^rama^ heads ; betwoen the windows are niehee for statues, and over them 
A aeries of medallions of Eom an emperors and poets. The attic story is 
sttnikr to that of Phihbert Delorme, The ornamentation of this portion 
IS exceedmgly rich ; near each window is a seated figure, corresponding 
Za^^'^ui^^ ?^ ^^ imi/raji above, executed in bas-relief, and mr- 
^^^not^tf bj Jmuiek, md ubore these are gruupa of animals by the Bculp- 



tors Delabrifcre, Cani aoad Premiet— two lynxes chiuned, and a Miaen« : 
two dogs and a globe sprinkled with bees, and crowned with an imperial 
diadem ; two hot&nda and a woman's bead, with brancbe* of oak and 
laurel ; two otter hounds attached to a stag's bead; two panthers chaiaod 
to a vase fi^lled with grapes* Tho first fronton representinf? Diana th« 
huntress, is by M, Mfrley, and beneath it arc two figures of huntsmen^ 
with implements of tbe ehaso. The accond fronton is devoted to glory, A 
and is from the chisel of M. Gumery^ beneath is a man with a trident, ^ 
and a Roman warrior, holding a javelin and a small shield with a Ikm* i 
head. The aubjeot of the third fronton is tbe rape of Eiiropa, by It. 
Demesmay, with figures of a German warrior and a Roman soldict 
beneath. The fourth fronton is decorated with a group entitled HiatoiTi 
by M. Francesobi, with figures of a soldier and a sculptor below. Too 
fifth repre8«!nts a Dryad, by M. Delsplancbe, and beneath are KepCuao 
and a youth, representing a river. On the sixth fronton will bo o liguro 
of Venus, by M. Yitani, with Tritons blowing trumpets. The s«Teslh 
represeuis Power, by M. Thomas, with figures of Hercules and Samaoa. 
On the eighth M. Perniult is to execute a Victory, with warriors below. 
The ninth and last fronton, which projeeta beyond tbe reat, are to be 
Cupid, by M. Soitoux, with figures of a woodman and an artist. On 
the entering angle, between the eighth and ninth frontons, wiU be 
two figures, ApuUo holding a lyre and a laurel crown, and Paris with 
crook and apple of discord. Tho whole of the pediments are ooonectad 
by a balustrade, on which are vases decorated with masks of fauna, and 
otowned with flamea. The roof on this side has a double range of 
windowa, ornamented with rama' beads and garlands of fiowors, the 
whole being executed in that rich lead repousse work, which haa Uitdy 
been revived with such admirable effect. In this meohanioal OgQ too 
much encourairemcnt cannot be given to work a of this class, which Ibrm 
tbe strongest link between tho artist and thv oupritr, Tbe Louvre, ths 
the Tuileries, the Hotel de Vitle, and other buildings, present much 
deserving of study in this kind of work. Before the suiomer is over th« 
whole of the newly-constructed portion of tbe two palaces will be com* 
plcted, at least as regards the interior, and tbe grand river front vifl 
then present a consistent whole, the beautiful work of the sLxteentb 
century being no longer brought into comparison with the heavy i 
building of tie eighteenth century. 
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LOCKS AND KEYS. 

At a reccTit meeting of tho Institution of Mechanical Engineers, a 
description of a new construolion of lock and key was oommunieated 
by Mr. J. B. Fenby, of Birmingham. The writer pointed out that in 
all previous locks there hsd been two important defects in principle, 
whioh are fatal to their security --the first being that, although aooess to 
the works of the lock ia greatly impeded bymany iogamoua contrivnnoM, 
they still admit of thu worki« being gut at through the keyhole, and thus 
allow of a series of attempts being made to pick the look ; while tho 
second defect is the possibility afforded for repeatin:; the trisl of a (ilse 
key, and thus perfecting it by aucoocsive olteratioua after trial. In tho 
new lock described in tbe paper, which ia the invention of the writer* 
tbe principle is adopted of dividing the key into two parte, the bit or 
portion by whioh the levers of the lock are raised being aeparate from 
the stem or hancHe of the key. For unlocking the lock the bit ia 
insertod tfarough a second keyhole into a radial slot contained in a ioM 
rotating cylinder, the cylinder being then turned round by tho stam of 
the key acting in the centre keyhole ; the bit while bc'mg carried round 
is also puahed outwards along the radial slot by means of a cam. and ia 
thus made to protrude from the circumference of the oylindio' suffieiently 
to set up- in tbe levers of the lock, and thereby set the bolt at Ubcrty to 
bc> withdrawn. The bit is then pushed out of the radial alot, and Atm 
into a reci'ptacle inside the door : and the farther revolution of the 
eylinder withdraws tho bolt, and unlocks the door. The consequence of 
this mode of construction is that, as soon as the bit has been inserted 
in the lock and the cylinder turned round for unlocking?, the radial slot 
in the cylinder ia corned away from the keyhole, which is eomplatdy 
cloaed by the soUd cylinder, whereby oil access to tbe interior of the 
lock through this opening is cffectuolly prevented, nor can anything be 
possed into the lock in this way except a detached bit of metal not lu^er 
than the bit by which the lock is opened. Tbe centre keyhole, into 
which tho stem of the key is inserted tor turning the cylinder, is simplf 
a blind socket with parallel eidea, and without any communication wits 
the interior of the lock. Tho only poAFihility of opening the lock by 
fraudulent means Iiej>, therefore, in the use of a oounlerfeil bit intro- 
duced into the lock in place of the true bit; but this counterfeit ii 
absolutely lost to tho operator and retained inside the safe at the veiy 
first trial, so that he is not only limited to a single attompt, bnt fnm 
the attempt itself no clue whatever is obtained as to the sntort of thl 
defect in the counterfeit* In oonsequenco of the leren not berag 
aceestible for feeling through tbo kejhole, and therefore not icqulriaf 
to be all shaped to the same average eurve at the portion aoied upon bf 
the key, eaoh lever can be shaped to its own proper curve, and the plif 
in the action of the levers is thui reduf'ed to a minimum ; heo« • ttQ» 
sligbter amount of error in the counterfeit than is admissible ia the o«t 
of previous locks will prevent its opening this lock. Tbe imporiaaM 
of thfise advantages in the principle of the new lock tt illustritca Ij lbs 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



901 



oelebrat&d bullion ro^Lciy on the South- Eastern B&Uway iome yean 

Igo, which ftttraoUid specuil attention from tbt.^ remarkftblv skill with 

_ rhich it wfta nccompllshed and the large value of the property stolon ; 

but even in thta case aucce&a was not attatnod until i^i many as seven 

trials had b«cn made with the iame false kej^ the latter being altered 

after each trial according to the indicationa obtained from the trial, until 

it was at lost sufficiently perfected to be capable of opemng the lock of 

^iion eafe. In that inalance abo the succesaive trials were made 

Heaving any indication behind that the lock had been fraudulently 

bled, although it was fitted with detector contrirancea for this 

nii purpose ; but in the present look the false bit, being retained 

de the safe, is found when next the safe is opened, and furnishes 

of the fraudulent attempt having been made, as well ss 

how near the counterfeit key has approached to the original. 

ks are made with six levers, and the eorrenponding steps in the 

bit are cut with live greatest accuracy by a machine specially contrived 

by the writer for that purpose, with a permutating arrangement, having 

.in extent of permutation admitting of each lock differing from every 

I^Other lock made. For lockiog tha lock, the stem only of the key is 

Ifequired, oi the bolt Is shot simply by lurning the cylinder ; and as'the 

tfivholij for the stem is made with a notch cut out on one side only, 

rhile the cylinder is not permitted to make a complete revolution, the 

' stem cannot be taken out of tho lock whilst it remaina unJocked^ 

his look has an important advantage in simplicity as well as solidity of 

Qstmotion, as there are no more than sixteen aeparate pieces altogether 

! the complete lock ; moreover, as both keyholes are simply blind holea 

-ith parallel sides, having no communication with tho interior of the 

Dck, they do not admit of injury to the lo^sk by the explosion of gun- 

owder. Specimens were exhibited of the new lock, the action of which 

I shown both with the true key and with oountcrfcit keys ; and it 

( shown by trial that the counterfeit failed to open tho lock nol- 

rithstanding that, by meani of the permulating cutting machine, it 

iptd mado a much nearer approach to a perfect copy than was pmctic- 

Able in the best handwork from a wax imprcBaion. The key-cutting 

machine, for cutting the bits, was also exhibited, having been lent 

^ the puiposG by Messrs. Whitfield, of Bimuogham, the makers of 

tho locks. 



UJ^DIAK EzlILWAyS TS 1865. 

SiTTFiciENT time has now elapsed since the Groverament first 
avc its aid to the establishment of railways throupjbi>ut our 
tidiim Kinutre, to furninh data as to the expense ot' the lines 
rlien fomplet'ed, and the probable profit unu Iosj* of the luider- 
ikiDgH. Fr<>m a multitude of sources, from the Gi3vcriinu'iit 
Bport of Mr, Julaiid Dan vers, from figures published in India, 
iim the writings of Mr, \\^ P, Andn-w, chairman of the Si'iniie 
ailway Company, from the Hurvej of the Euphrates Valley, by 
iijor-Lrerjeral Lhesney, and from other authoritieH, a mass of 
fttisties h here ^ven of the present position of railways in India, 
ad the probabdity of the future umon of that sjst^^in with the 
iiics of Ennipe. 

At MiLlsummer, 1866, the numbpr of miles of railway opened 

br traiBc in India was 348fji, and iht* length reniainuig to be 

'atHhed, 1,73<>}, making a total of 4916 i miles, consetptcntly 

x)ut two-thirda of the lines sanctioned bj Gova^nmieut are 

flished. Of the ten Indian railways and their branehes. the 

bJlowing nura1>er of miles are <ipeii for traffic : — East Indian , 1J26 ; 

b^Bftt Indian Peninsula, 595| ; Madras, 571 ; Bombay, Baroda, 

mA Central India, 306 j Scinde, IM; Punjab, 252; Punjab, 

i)el1ii, none; Eastern Bengal, 114; Great Sout\eni, 79; Calcutta 

and Sonth-Eastern, 29 ; totaU 3,186^. 

The miles of the sanctioned lines yet to be finished and opened 

|#re : — East Indian, iJTOj ; Great Indmn Peninsula, 670 J i Madras^ 

H ; Bombay* Baroda, and Central India, 6 ; 8cinde, none ; 

njab, none; Punjab, Delhi, 320; Ea^tleni Bengal, none; Great 

DUthern, 82; Calcutta and South*Easternj none; total, 

Here it will be seen that Bombay and Culcutta an? not yet 
nited, 070} miles of the Great Indian Peninsula Eailway bav- 
Dg to be finished before the English mails ^ind a ouieker ronte 
' an going all round Lidia. Tins link is not bkeJy to be com- 
peted before 1870, There ia a nut her gap between lSoml>av and 
Iras, that being the route by whieh tlie inhabitants of ^om- 
ay wish the mails for AustraGa and China to he earried. To 
he extri-me west is seen the portion of the eoast of Bclooehistan, 
ccently explored by Lieut. -Colonel PeUy, a portion of the un- 
nown distriet through whit^b it In hoped a railway will nm to 
Suropi't md the Euphrates A^'aUeyt and Turkey in Asia. 

With very bttle exeeption, tbe whole of the lines in India, 
fiuii^hcd imcf unfiuishcdi are ^ingloj and the trains trarel at a 



yery slow rate of sfeeth On the East Indian there are 67 miles 
double, aud on tbe Great Indian Peninsida 67, making a total of 
124 miles. Ben idea this, the doubling of 42 miles more, on the 
latter radway has recently been sanetioned; all the rest, finished 
and unikiisbed, are single lines. In 18t>3. the number of mdes 
open for traffie was 2,519, and on these open lines 194 accidents 
oeeiirred in that year, 112 of them being fatal. Thi.'i is a yery 
high rate, the number of passengers in tbe twelre months being 
10,706,030, but only eighteen of the number were killed by 
causes beyond their control. Of these eighteen, eight were pas- 
sengers, and ten servantB of the radway* Three of the ^ight 
were killed by a train being thrown off the rails by a stray 
buifklo, two lost their bres by a train gelling off the bnc througn 
negligence, and the others w^ere purely aeeidental. In Mr. 
J iiland Danrers's report, one of the deaths is described as caused 
by '* the bite of a tiger," which, without eimlanation, appeare a 
strange radway acenlenl ; and another fatal case was that of a 
passe ng<*r who jumped out of a train whib* it was on fire, 

Tlie following ia a summary of the rolling stock employed on 
all the Indian railways, up to the end of the year 1864 :— 
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The capital expended for rolling stock since the first 
Indian line was eonmieneed, up to the lat of May, 1865, wiM 
£.54,942.029* tbe cxpeDditnre during the past year only being 
£3,806.044, of wldeh alnint £2418.345 was spent in Intfia. and 
£1,387,699 in England, To mei^t this expenditure, 36.533 
shareholders Mubseribcd np to the 31st of December, 1&64, 
£•58,000,000. Of these shareholders 29,303 were registered in 
Enj;;land» and 777 in India, 393 oidy of the whole being natives. 
Hence it is evident that residents in England consider Indian 
railways a good and safe imrestment for capital. Tlie number of 
dtbentiiire-holdei*8 at the end of 1864 was 6,453. The rate at 
which capital has been expended upon Indian railways during 
I he past fifteen years is shown by the folkniing figures: — 111 
I H50, £175,156; 1951. £351.323; 1852. £427,560; 1853, £670,649 ; 
1861, £1.729,588; 1865. £3,371,006; 1856, £3,517,907; 1857, 
£3,417,268; J858, £5,491.125; 1869, £7,162,872; 1860, 
£7,5N9,770; 1861, £6,558,614; 1862, £5,810,852; 1863, 
£4,771,775 ; and 1864, 3,806,044. Tlie total loss to Govern- 
ment during the year 1864, after allowing for the profit gained 
by the bnes at work, was £130,1)00, *' But," says the Govern- 
ment Director of Indian railways, '* each year this loss will 
diniini^b. and when the revenue reeeipta become larger than the 
capital expenditure in India, which will sioon be the ciuie, the 
balance of gain, which has hitherto always been on the Hide of 
the radway companies, will be on tbe side of the Government." 
It is not diffieult to Huppose Hueh will be the case, seeing that aa 
yet great gaps in the most important through routes stop large 
streams ot traffic. 

Here is one great fact. Lidian railways have been free from 
parliamentary contests, conseqnently the cost per mile of Indian 
railways (if completed according to et^timate) will be a;? follows, 
notw^tn8tanding the expense of transporting men and materials 
from India:— East Induiu, J20.849 ; liombay, Baroda, and Cen- 
Iral India, £19,230; Dcllii, £18,750; Scinde, £17.543 ; Eastern 
Bengal, £15,789; East Indian (Jubbulpc^re), £16,655; Great 
Indian Pcninsnla. £12,646; Madras (N.W. bne), £12,500; Pun- 
jab, £11,857 ; Madras (S.W, bne), £11,178; and Great Sonthera, 
£9,316. The average cost per mde of English radways, includ- 
ing purebase of land, is £33,350. Although, then, tlie average 
cost of EngUsh rail\niy8 ia eomparatively low, there has yet 
been plenty of extravBganoe on the part of some of them, m 
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■howcL by the foUowing tablet which is giTen in the TimeM, of 
Indiat a local authority interested in the tacts :— 
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The excessiTc ratio of working expenses of tho Great Indiftn 
Peninaula Eailway in the above table is owing principally to tht* 
ensatiou paiJ dririnp 1804 for eotton destroyed by fire or 
3cd at the ThuU trliaut. There are sueh diserepancie«, 
aowever* in the other figures* that speeial investigation as to 
tkia matter of working expenses «eem3 necessary. The East 
Indian, eapeeiaUvt has an expensive establishment, much more 
than res i den til deem necessary for the efHeient working of the 
line, which has a senrsj of Terr maffnifieent stations. Officials 
in India shoidd be highly paid, and we are not advocates for 
shabby stations ; still tins* and perhaps other companies, !*ecm 
to have gone Ixyond the fair medium. 

The fares on the Indian mil way iii vary a« follows : — First cla«s, 
from IJd. per mile on the Seinde*Hailway to Hd. on the Bombay 
and Baroda. Second class, from f d. on the Madras Railway to 
Id. on the Great Indian Peninsula, and several others. Third 
claast from id. to |d., half the lint»8 charging the one amount 
and half the other. There is a fourth class at Jd. per mih^ on 
the Kast Indian. EavHtem Bengal, and Calcutta and South- 
Eastern Bad ways. 

The following shows the amount of guaranteed interest paid 
by Government during 1S64, as well as the total amount paid 
flince the first railway in India was commenced : — - 
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Of the above total paid by the Government during 1864, 
£2,533,381 Ifis. 3d. was paid m England, and 1*34.361 158. 4d, 
in India. Of the total amount paid from the first up to the end 
af 1864 by the Government, in ike shape i^i' guaranteed interest, 
£3,3t)0,4XK} has been paid baek by the earn in gK of the railway 
companies. Wlien the trafiic on tue railways yields a profit of 
more than 5 per cent,, the Government pa3'ment of interest, of 
course, will cease, and half the Hurplns over 5 per cent, will go 
to the railway companies, the other halt* to the Government. Of 
the shareholder* receiving the guaranteed interest, more than 
half hold less than £1,CMH_» stock, and, an already stated, nearly 
all rei^ide in England. Tlies« skareholdera nppi'ar to have blh 
much confidence in the Indian railways asi in the funds, and there 
is neverany lack of applicants for more sliares when any are issued. 

The above, in a compact form, gives all the principal points of 
interest respecting the raUways o? our Indian empire, up to and 
in ftome instances later than December 31st, 18(54. 

Of the railway .servants employed, only about one in twenty 
is not a native, and the natives only receive one-third or one- 
fourth the salary of Europeans, the latter being required to 
occupy the position of responsibility and places wnere skill and 
nerve is wanted. The natives make very i;ood clerks and sLation- 
umaterMt hut mfo useless as ent'ine-drivers and pointsmen, 
^Am regmrcb tho JiGailth of tue Europetji omcials during the 



past year, twenty-two died and seventeen retired through ill- 
health. Of the deaths, eleven took place on the East Indian 
line, five on the Crreat Indian Peninsula, two on the Madras. 
one on the Bonibav and Baroda, two on the Punjab, and one on 
the Calcutta and South-Eastcm. The average number for the 
four previous years was thirty-five per annum, so the mortahty 
last year had decreased. Tlie mortality among those who go 
out to India averages rather less than one per cent, per onnuni. 
but niany are prevented from leaving England by the examining 
physician refusing to paas them. Mr, William Brinton, M,D,» 
F,li.8M is the gentleman who examines most of the candidates 
for the Indian railway service, and he says that he has been 
obliged to reject one out of every five diiring the past vear. 
This proportion must Ik* regarded as a large one, especially on 
c<msIderation that a large number of the candidates had pre- 
viously undergone a medical examination before appointment on 
the English railways. lilany so employed in England show 
symptoms of premature decay to such an extent lluit no good 
Loudon insurance office would accept them as first -elass lives. 
Workers in metal, and those continually engaged in piece-work, 
exhibit these lessons or tendencies most, and it unhts them to 
resist the change of climate or to withstand hard work beneath 
the burning sun of India. Dr, Brintou states in proof of thi« 
assertion that the average age of the persons examined is thirty, 
and the average age of thoge rejected is from thirty-three year» 
to thirty -five years. Railway ofiicials in India are liable to a 
heavier rate of mortality than recruits despatched there for 
military purposes, xmless the latter be on active service. The 
surveymg and construction of railr«.>ads expose the en^nem 
and others to trying ordeals, and to the heat of the noontido 
sun, and to the malaria of the marshes and jungles. At the foot 
of some of the Indian mountain ranges, more ejspecially ihe 
Himalayas, a belt of marshy forest ground is often foumt where 
even tlie native cannot live ; yet» wherever the railway goes, 
there must the otiieials go also. Dr. Brinton states that the 
enforced idleness of the overland journey, and the very sudden 
change of cUmate by that route, is more trying and dangeroa* 
to Eur*jpean constitutions than the old route round the Cape of 
G-ood Hope. He reeommendji the latter whenever it is possible 
to choose it. Those officials passed by him are. as a body, re- 
markable for their vigour and health before leaving England. 

The difficultieB overcome by the engineers within the last year 
or two, to bring about the grand resiilts that have occupied our 
attention, have been noticed from time to time in this jotimal. 
The Bhore and Tlndl Ghaut inclines, on the Great Indian Penin- 
Huln liailway, have broken through the great mountain rango 
into the cotton districts of Central India. The Bhore Chant 
incline rises more than l,tX)0 feet in a little over six miles, in the 
midst of the grandest mountain scenery, and the Thidl Ghant 
has an incline of 1,000 feet in ten miles, the steepest gradient 
being I in 37 for 4 miles 30 chains, and the sharpest curvo 
17 chains radius for a length of 33 chains. There are thirteen 
tumiels of an aggregate length of 2,662 yards, and yiaducls to 
the extent of 741 yards, one of 230 yards being 200 ftMjt high. 
The cost of this mcline was £50,0(i» per mile. The cyclone, 
which did so much damage at Calcutta about a year ago, spent 
some of its fury on the railway termini there, the East Indian 
sustaining damage to the amount of £t>,515, the Ba^leni 
Bengal "i*r2,<1(K», and the Caleutta and South-Easlera 
£1.730; total £23.245. Such were the eflects of the great 
hurricane, which is supposed to have originated at the 
Andaman Islaiidsw a nest of storms, and a place where two 
lrcM>p ships, according to Dr. Mouat, were onee blown clean out 
of the sea into the jungle. In the storm now under notice, not 
only were stations and sheds swept away, but an engine and part 
of a train on the Easl:ern Bengal Railway blown over. On the 
western side of India the monsoon, in the nuddle of the year, w 
stated by Mr. ,Iukud Dan vers to have caused much tlamage by 
its fiooda. On the 27th of June the embankment.^ of a cm vert 
were washed away on the Great Indian Peninsula Hallway* and 
on the following day a iHaduct of 12 spaTis of 3uft, iron girdcw 
was destroyed- A night train passing shortly afterwards ran 
into the gap, and fourteen native passengers were unfartunat-ely 
killed on the spot. Six spans of the great bridge over the Ncr- 
budda river were swept away by the floods, and ihe tralfic of 
the Bombay and Baroda Hallway had all to be carried aero« 
the water here in boats for several months, the arduous and dan* 
gerous task of superintonding the transit from side to side falUiit; 
upon Mr. Frederick Potter, Tate of tlie South Wales Bailwij. 
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The quantitj of matwalu eent out in^ 1854 for the construe- 

1 lion, maintenance, and working of railways in India, araount-ed 

' to 102,318 tons, in 233 ships. The value of the goodsi skipp^^d 

iTM £1,013,161, and the amount paid for freijrkt and ingurance, 

flH628. 

The rat* for first-cla.<i8 passengers on the East India Eailway 

|itt2jd. per rnile^ for tseeond-elasH IJd., and for thirdclasB Ja, 

'*" first-clasg fare from Calcutta to Delhi is 95 nipees, the 

^ileeond 48 rupees, and tho third less than 16 rupees. If we 

contrast the time — three months— that it took not fifteen years 

ipD to make the same journey, and compare the £9 10s, with 

tne enormous sum paid tonaerly, it mny ne acknowledged that 

railways are workdiig wonders* in India, — TlusCaicutia Mngineer. 

HIGH AET m LOW COm^TRIES* 
By the Dean of Ely. 

Thebb is one preliminarj question which stares us in the 
face. What do we mean by Art P And though this la a t implo 
question, I am not sure that it is easier to answer on that ac- 
*'ounl: in fact, it ia not nnfrequently juat the simple preliminary 
QestiouM which are least likely to meet with satiafactory 
ai]i*wer8. Ask many persona who iise the terms to define what 
tliey mean by a Whig or a Tf^ry, or a ripht-anfffed irianQh, or a 
re^pertahle man, or a ffenfeelffsmale, and you will probably find 
it difBcult to get a clear answer ; and you may be reminded of 
the wisdom of a certam leader of the House of*^ Commons, who, 
having endeavoured in vain to obtain a definition of the duties 
of an Archdeacon, and beinif compelled to make a speech which 
involved the knowledire of those duties, began by sayinjj that the 
duties were so well known that he would not take up the time of 
the House in explaining what they were. What then, I say, do 
we m€*an by AH ? 

In the first place, with regard to tlie word : it is, of coarse, 
the same as the Latin word Arit^ arth^ and as the Freneh 
Art^ This fact is not very interesting ; but there is^ 1 think; 
9ome interest connected with the etyraolofry of the word if we 
trace it a little further. The dictionaries tell us that the Latin 
word An is tho Rame word as the Greek Ar^fe ; and this Greek 
word, which signifies any kind of ahility or skilly biit originally 
denoted more especially warlike ability or skill, (vumffe, valour, 
it probably connected with Ar4s, the Greek ffod of war, the 
Mars of Latin mythology — a connection which I notice, because 
certainly art, ns we understand the word now, art as the word is 
nard io such a phrase as **The Wisbech IndiiBtrial nrid Art Ex- 
hibition,** would hare chosen any ijod or goddess in Olympus as 
its patron in preference to Arh or Mars, the fierce god of war ; 
and if a name which originallj described the power of an 
Achilles or an xVjat can now be used with most emphatic pro- 
priety to describe the po^ er of those who beautify the houses 
of God and adorn our homes, then we may perhaps see in the 
change of meaninij somethiou ^^ Ihat chariixe which is described 
by the prophet when he speaks of men " beating: their swords 
into ploughshares and their spears into prunin^-hooka,'* and 
** learninij war no more,'* Again, the dictionaries tell us that 
arr^ie is probably connected w ith arrin, a male, as the Latin 
t»rWitj is connected with ^ir, a man ; mrtut si^jnifyinp ori^inwlly 
rnloitr, murage, those qualitie?* which were considered to be the 
chief glcry of mert ; but virtue is now no longer any special 
property of men. I should think it quite a sufficient claim for 
men that they should be put on an equal footing with their fair 
sisters ; more than their h<ilf of the virtue which exists in the 
world I am certain they have not got. And so, also, if art 
ori^tially implied anything of muBrulinc skill, manly valour, 
warlike craft unsuitable for women* we may i5ongratulate our- 
selves that it is so no longer, and that art, in the sense in which 
we are dealing with it to-day » belongs to men and women alike. 

Let us. then, leave the word and come to the thing. Art may 
be regarded in the first instance as meaning Mkill in general ; 
but we treat it as meaning skill of a particular kind. And I 
think that we may properly define what we mean by saying that 
art M thai kind of tkill which it employed in riot king the useful 
mtth (he beautiful. Let us consider this definition. 

Mttny things are useful without being beautiful. There is no 
beauty worth speaking of in a gasworks-chimney, or in a news- 
paper, or in a railway-carriage ; yet all these things, and thou- 
sands more which might be mentioned, are singularly useful. 

AddrvM deliTeffd ftt tba opnung of tbcr Wbbecfa indiJ«trutJ; <»Dd Fuic Arl 




It IB not every useful article, perkapa, which admita of a corep- 
ing of beauty ; in some things the intensity of usefulness seems 
to make beauty unnecessary, or perhnps to make the attempt to 
add to it ridiculous ; their usefulness, in fact, is beauty, and 
with that they must be contented. Nevertheless, it is surprising 
how very few ((jomparatively speaking) are the case.^ in which 
superadded beauty is impossible, and, therefore, art unnecessary. 
In fact, the ins^tinct of art would set^ra to be almost coeval with 
the instinct of supplying the prime necessities of human life. 
Amongst the earliest remainn of human handiwork which recent 
discsovertes have brought to light are rude carvings upon pieces 
of bone, which no doubt were regarded by the connoisseurs of 
the lime as marvels of imitative bkill. Men were compelled by 
their necessities first to make tools, but they soon began to 
ornament those tools ; and I suppose there is not a savage 
nation on the face of the earth in which utility is everything 
and art nothing. On the other hand, art appears to belong to 
man's simplest nature; and it is only in a very advanced stato 
of society' that men think it a mark of superior sense and judg- 
ment to glorify utility at the expense of beauty. 

Nor is it to 00 wondered at that man's nature should he thus 
constituted, seeing that Grod made man, and that the principle 
of clothing the useful with the beautiful, which I have spoken 
of as the foundation of art, is just the principle upon which 
(speaking generally) we may say that God's works are con- 
structed. Look at the human fi^rure, the human face, the 
human hand^ the leg, the foot. Every portion is useful ; but 
not only so— every part is beautiful i and the beauty and the 
utility are married together. We may speak of the eye as an 
optical instrument ; but when we speak of the bright eyes of 
our frtir sisters we think of something very different from optical 
instruments. And the mouth is a very utilitarian organ, and 
has very commonplace work to do ; but there is hardly anything 
more beautiful and more expressive than the human moutli, and 
we are not ihmking of mere utility when we speak of ruby lips. 
So of other parts of the face and of the body. Organs which 
appear to be hopelessly utilitarian, like the stomach and the 
heart, are packed away in closets ; and the human frame &s pre- 
sented to the eye — especially if not spoilt by burbnrous costume — 
is a perfect specimen of the useful clothed with the beautiful ; 
in other words, it is a perfect type of that which, in human 
works, we describe as art, 

Tlie useful and the beautiful, then, are combined in ft work of 
art ; and let me observe that the degree in which eBch of these 
two constituents will predominate varies very much in ditferent 
ciises* In some the use is almost everything, and the beauty 
superadded is trifling; as* for instance, when two kinds of brie kw 
are used In building a house, so as just to break the dull nni- 
ft»rmity of the walls j in others the utility has almost vanished 
to make room for mere beauty, as in the case of pictures. But, 
as a general rule, art does not seek mere bervnty, but follows the 
example of nature, in which use and beauty go together, and 
utility i* often an absolute condition of beauty ; yet even in 
nature we sometimes find the beautiful almost as supreme as in 
the caw? of a picture; thn^ we hive the gorgeoua colours of the 
morning or evening sky, and on a smaller scale we have the 
butterfly and the humming-bird. 

Hitherto I hnvo been speaking of art ai though it addressed 
itself entirely to the eye ; and, in fact, the kind of art to which 
this Exhibition chiefly directs our attention is that which be- 
longs to the sense of sight. But it ought to be observed, if 
only for the sake of justice, that the eye has not a monopoly of 
the p leisures of art. Art acts upon the mind, like almost all 
other things, through the senses ; but there are only two of the 
senses which appear to be capable of being associated with art 
properly so called. The sense of ta«t^^ for example, might claim 
as its peculiar field the ari of cookery ; but we must not in an 
application of the term admit cookery to the dignity of ar^; and 
the sense of tmelt might claim that art which is hereditary in 
the family of Jetui Mijria Farina, of Cologne — but neither 
mu*t the composition of perfumes be admitted to the dignity of 
art. Feeling, i bough a very useful, is so very humble and com- 
monplace a sense, that it wdl probably hardly put in a claim. 
No, the two senses which are dignified beyond the rest as being 
the vehicles to the mind of the beautiful, and consequently tho 
organs of art, are hearing and seeing. Hearing may well com- 
pete with seeing in tho dignity of ita art-function ; music may 
challenge painting and sculpture> and claim eauality of dignity - 
frequently thu two join in partnership, as, for instance, m the 
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chcjral worBhip of a beantiful oathedmh indeed, one may aay 
that the entente cordiah betwceo these two senacs is complete, ao 
that Bometimes they interchange names with each other : thuB» 
when I Bee a letter from a friend, I aar that I ara glad to hear 
from him ; and when a person explains to me, by word of monthi 
lome diiEculty, I say, *' Ah, now I nee what you mean." 

It is no digoourtesy, therefore, to thoBe branohea of art which 
haYQ the ear for their origan, that we do not consider them to- 
day. We are dealing with art chiedy or almost exeluaiTely as it 
belong! to the eye, and in so dealing with ii I ttiink we may 
adopt the definition which I have given already — -that it is the 
clotliing of the useful with the beautifuL The qucBtion, there- 
fore, which it would seeDi to nie iKonld be prominent in the 
minds of those artists whone effi>rta we chiefly desire to Btimu- 
late by Industrial and Art Exhibition is this— How shall I make 
mj work beautiful ? How shall I pniduce that which is in good 
taateP And this qneation, like many others^ is very briefly 
aakedt but cannot be very brieflf answered. Something, how- 
eTer, may be said which may be of use, and, with your permia- 
iion, I will devote a few eentences to the subject. 

I would observe that there are three great el em en ts of beauty 
which ought to claim the attention of all art-workmen, and 
which comprise almost the whole of their nrtiatic stock-in-trade. 
The three great eleftienta to which I refer are — Form, Propor- 
tion, and Colour. 

The importance of /orm h illustrated by the fact that with 
the Latins /orroa was actually equivalent to beauty; and so 
thoroughly does form imply beauty, that, if the form be good, 
it b almost impossible to destroy the beauty. Take an instance, 
No position is more trying than that occupied by 8t. Paul's 
Cathedral in the midst of London smoke. There it ataods from 
year to year with the accumulations of the ntmoapherio filth of 

Serhapa the filthiest atmosphere in the world ; and if the dome 
epended upon the colour of its material for its beauty, ahi^i 
for the dome; but its beauty is its form, and as its outline 
catches your eye, lighted up by such daylight as the city of Lon- 
don enjoys, you cannot help aayiiig that it is one of the finest 
buildings in the world. 

The education of tho eye to the delicate pereeption of form» 
and the education of the hand to the production of form, are, I 
oonceive, amongst the prime requisilea of art-education ; and it 
is a kind of education which is the more important because the 
tendencies of modem times are in some respects unfavourable : 
there is such a tendency to manufacture things on a large scale, 
to use the rule and compass rather than the eye, to meet the de- 
mand of the times by the production of articles cheap aud 
nasty, that there is danger of men being frightened away from 
iound principles of honest art by the dread of being starved in 
the process of carrying out the principles. Let me illustrate the 
importance of form by reference to somethingfthich I remember 
hearing from Professor Will is. Prof esaor Willis invented an 
ingenious instrument, which he called a (^fmograph^ an instru- 
ment for obtaining correct drawings of the mouldings of Gothic 
architecture* It is not very easy to do this, as anyone will per- 
ceive who remembers how deeplv under-cut and hollowed out 
many of thcBe mouldings are i however, Professor Willia in- 
vented the cymograph, and he did so because be bad long been 
struck by thecontrastof effect between ancient work and modern 
work which professed to be merely an imitation of the old. Now, 
when the two came to be fairly laid side by side upon paper, by 
help of the cymograph, what was the difllerence between them ? 
Just this, that in the caae oC the ancient work the linei of tho 
mouldings were drawn by the artist with a free hand ; whereas, 
in the modern, every curve was a circle struck with a compass. 
The ancient architect, in fact, went by the rule of brains, and 
the modem by the rule of iAvmh: and I well remember the 
perplexity caused by this distinction to a very clever and 
competent man, who for a time sujHjrin tended the recent resto- 
ration of the Ely lantern. Mr. tscott had asked him to make 
working drawings of the old stonework outside the lantern, and 
the good man attempted to do so according to modem rules of 
art; but to his dismay be could find no centres from which to 
strike hie circles, and every modern rule of stonework was ruth- 
lesslv set at defiance. If you had asked the great architect of 
the lantern, '* With what do you draw the designs of your 
itoneworkf" he might have answered, like the artist in Dr. John 
Brown's Essay, who being asked, ** With what do you mix your 
coJouTf ?'* replhd, ** Wi* brains, sir/' 
Sa much for form ; proportion is equally important. Indec d. 



it may he aaid that proportion is an element of form, that form 
depends very much upon proportion. Still, proportion deserve* 
fleparato consideration, and I should be very glad to give it such 
consideration as my poor ability might enable me, if it were not 
that I felt the necessity of studying proportion also in my 
address, and hastening to ooaclude this portion of it, and 
proceediog to that which is more particularly implied by its 
title. 

For the same reason I must pass, with a rapiditj which much 
grieres me, over the subject of rohur, I must remark, however, 
that in this department there is a great deal to be done, and 
great encouragement to Englishmen to endearour to do it. 
There is a great deal to be done, because, until lately, eoloar 
was in many departments of art almost forgotten, espeeiaUy in 
architecture. We seemed some years ago to regard as an axiom 
tiiat we should have no colour except those of wood and of 
atone. Now we are beginning to wake to our mistake ; and 
the danger ia lest, in the zeal of our returning consciousneas, we 
should rush with brush in hand and commit some tremendous 
blunders. It is for fear of committing such a blunder that the 
lantern of Ely Cathedral is now left in its unfinished condition, 
It was thought better to look at the woodwork in its cold, crude, 
patched condition, and to consider how it should be treated, 
rather than paint the whole in a hurry, and repent of the result 
at leisure* But (here is, as I have ^aid, great encouragement to 
Englishmen to wcrk at the colour department of art. English- 
men have not, I thiok, as a nation, good eyes for form and 
proportion* Certainly we do not in general draw so accurately 
as our French and German neighbours i but we do hold a high 
position as eolourists ; and in any international exhibition of 

Jiictures, perhaps nothing will strike you more than the excel- 
ence of the colouring of works of the English school. Let me dis- 
miss this part of the subject by saying that colour seems to me to 
be in a very special and peculiar way a gift of God. Form and 
proportion, you may say, are God's gifts, inaiimuch aa God givei 
us the power of apjireciating the beauty which arises from them, 
and sets its examples of such beauty in Bis works ; but the 
beauty of form and proportion is, after all, connected with 
geometrical necessity, and, therefore, can only in part be con- 
nected with divine benevolence. I^ot so colour. Colour, and there- 
fore all the beauty and pleasure arising from it, ia the result of 
a distinct creative act, which (as far as we can perceive) need 
not have been performed. 

•' God said, * let there be light,' and there was light j" bmi 
when God created light. He created colour too. The beauis of 
light were not simple, inseparable undulations, capable of 
diseliargiog the useful olfiee of conveying messages to the eye ; 
but the white wave was made capable of splashing into numberless 
colours ; and the great discovery which Newton made, not mneh 
more than a century ago» was in reality the discovery of a 
primeval act of God's providence, of which men had perceived, 
lor thousands of years, the pleasant and refreshing consequencea, 
though they were in ignorance of the method of God's operation. 

I have now spent as much time as I can a fiord upon the 
general question of art, and I pass on to the more direct discus- 
sion of the subject which I have choaen particularly for this ad- 
dress, and which I have shadowed forth in tho epigrammatic title 
Miqli Art in Low Countries, 

I do not know whether the notion is generally prevalent, but 
I confess that to me it seems very natural, that districts such as 
this in which Wisbech is situated should be unfavourable to the 
flourishing of art and the birth and growth of art genius. Far be 
it from me to say anything disrespectful concerning the Isle of 
Ely, but its beat friends will not deny that it is flat, that it ia 
deficient in picturesque features* and that there is not much in it 
to stir the imagination, or drive men to write poetry in celebration 
of its natural beauiiea. The wild land of mountains, waterfalls, 
woods, and rivers, seems to be, as Sir Walter Scott phrases itp: 
the ** true nur^e of the poetic child ;" in tlie midst of ditoliee ir 
sluices the poetic child ia likely to be smothered in infancy; m 
hence I think there is a tendency to imagine that the child of 
art is likoly to fore as badly in our fen country or in Marshland 
as the child of poetry. But in truth any such imagination would 
be unfounded, and would be contrary to experience. That Ihia 
is so 1 intend to prove for your comfort more at length presently, 
but before I do so I would first make two remarks. 

In the first place, it seems to me that the very abaen^ 
natural beauty in a flat country is likely to force the minds „ 
the inhabitants in the direction of art. The poaaession of every 



I 
I 



4 



I 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



which the eye can delight to rest all ready- made (as 
the hind of nature, raiiy h»ive tbe effect of chenkin<4 
,e far art, wh^^reia the fiimirin of natural beauty may 
surch for artificial food. Certain it is that th<:* f^arlient 
rt are to be found in th*? prosaic valley of the Nrlo» »rid 
soutitry of Me^opotnmia, and I think that every ono 
hat the existence of beautiful churchea, such aa we 
(jhout Lincoln shirts and the Marnhiand dint net of 
A boon which in a more interesting country wo should 
iate nearly ao hi^hly. 

he second plaee» I think it should be borne in mind 
Bonntry ia not without ita ailyaDtages even in respect 
I objects upon which tbe eye can rest with pleasure, 
Ich the artist's eye can be educated. The effects of 
I tunaet, and generally all beantiea depending upon 
here* are seen nowhere better thaa in a district «uch 
'eryone must have been struck occasionally with the 
d-picturea which may he seen in a country having a 
son— eccentric forma, Alpine snowy ranges, weasels 
i» and every variety of hue : no lesson in isolours can 
and with such favourable lights it does not require 
lake a picture ; a twist in a river with a windmill, or a 
I old barge, a peasant, and a dog, wiH probably furnish 
t of a charm in j; work of art. 

I may add, la «peakine of flat countries^ that they 
it times had an advantage over others in this respect, 
mvegot rich more quickly, Diatricta lying^ level with the 
Qtersected by natural highways in tbe form of rivers, 
I soil ready for tillage, have generally Ijeen the earliest 
ommercial wealth, and wealth is necessary for the 
nent of art ; " money " is said to "make the mare to go/* 
Ices the artist's brains and fingers to go too : artists of 
bject to hunsrer, and unless there be men who are rich 
bo patrons of art, art is likely to wane, 
are vou may sometimc!i find a man art-mad, like the 
•ench potter Palissy, who broke up his chairs, tables, 
everything, to keep up the lire in his furnace till his 
tal pieces of pottery were sulHciently baked, and 
to scrapes with his wife in consequence which would 
ied a less stout-hearted man ; and even Paliisy, by- 
roald not have been able to achieve what he did had 
b with inilueDtial patrons in the royal family of France, 
M not necessarily beget art ; it may breed mere vulgarity 
ragance, still there muat be wealth to enable people 
le art, and there must be education to teach people to 
it, and those countries which rise earlv to opulence 
to be found amongst the early nurses of art. 
ne considerations lead me Co speak upon the remark- 
th of art in times gone by in those countries which 
par ea:ceUeHC€t as the Low Countries — the Payjf Bcu 
frlandg. If anyone wishes to know how high art can 
w countries^ he should observe what art has done in 
nd Holland, We people of the fens have, as I shall 
preaently, some very special grounds of consolation 
r art here in this Isle of Ely ; but if we are not con- 
^h what we can find here at home, we may easily 
lie sea and find, in a country very like our own, con- 
aough to comfort the most weak-hearted. Will yoa 
company me to Belgium and Holland for a very short 
as the G. E. R. Company has made everythmg ao 
comfortable by way of Harwich and Antwerp, will 
at to adopt that route ? 

steam up the Scheldt everything looks inartistic 
lud-bauks, the country as flat and uninteresting as our 
as soon as we land at j\jitwerp, or rather for some 
B landing, we find a pledge of high art in the beautiful 
e great church of Ntitre Dame. This is a wonderful 
instruction, and is enough by itself to mokeAn twerp 
sit; very lofty, 360(1. high, but much more remark- 
» structure than its height ; it is light as laccwork, 
ict scarcely a stone building in the proper sense of the 
nUher eomposed of pieces of stone clamped together 
L The Emperor Charles V. is reputed to have said 
^ht to be kept in a case. In my own bumble opinion 
O0t beautiful spire in the world j and 1 may add here, 
parenthesis, that an additional stimulant to art is to be 
at countries in tbe incitement which seems to be given 
rtion of lofty buildings ; when men have no mountains 
to dwarf their puny efforts, it is worth while to try 



how much of beauty can be gained for a building by the element 
of height. 

The spire of Notre Dame at Antwerp is, however, merely the 
most couApicuous specimen of tlie art treasures of the old town. 
Even in the way of church art it merely stands at the bead of a 
long list. I must pass over this list to remind you thai at 
Antwerp you meet with the miisterpieces of Hubens, and with 
specimens of others of the most remarkable of Flemish painters. 
There is, perhaps, hardly any gallery in Europe of the size 
which contains more treasures and less rubbish than that at 
Antwerp ; and, after all, it does not contain what is regarded by 
many as Eubens's maeterpiece, the ** Descent from the Cross," 
which hangs in the great church. 

The mention of Rubens, the king of the Flemish painters, and 
one of the greatest painters of the world, makes it neceesary for 
me to make a few remarks upon the Flemish school and its 
connection with the history ot art I am speaking to you of 
•* Mi(^h Art in Low Countries^* and nothing is more remarkable 
than the contributions to the art of painting which have been 
made by both Belgium and Holland. Belgium did, in fact, 
invent the great art of oil painting for itself. It is true that 
the Flemish artists were not the first to use oil in the tempering 
of colours — Uiotto and the early Italian masters were consider- 
ably in advance ; but there seems to be no doubt that the 
brothers Herbert and John Van Eyck not only invented inde- 
pendently for themselves the method of oil painting before the 
end of the fourteenth century, but that the excellence of their 
method was such as to gain h^uropean celebrity, and to induce 
an Italian artist to journey into the Low Countries for the 
purpose of learning it. Moreover, the excellence of the method 
and the genius of the inventors apeak for themselves in existing 
works. It will be sufficient to mention only which is perhaps 
their masterpiece, I refer to the picture, or rather series of 
pictures, known as the '^ Adoration of the Lamb ;" part of the 
work is in the Church of 8t. Bevan, at Ghent ; part is in the 
Museum at Berlin. I have seen both, and certainly it is im- 
possible to overstate the admiration which an examination of the 
work inspires; some of those to whom I am speaking have 
probably seen this great picture ; for others it must suffice to 
remark that here we have a work in oil by the very inventors of 
the art, looking now, after nearly five centuries, a« bright as 
when it came from the easel and that of the crowd of saints 
represented as admiring the Lamb, containing several hundreds 
of faces, each finished with the beauty and perfection of a most 
elaborate miniature. 

Who shall say that Low Countries are not good cradles for 
High Art P But the two Tan Eycks were the beginning, and by 
no means the end, of the Flemiih school. Of those who im- 
mediately followed them, there are just two whom I will 
mention. The first, Hans Hemling, or Meraling, for he aeema 
to bear both names, and of whose brush there is a wonderful 
specimen in the Hospital of St. John, at Bruges; it consists of a 
large chest or reliquary, adorned with a representation of the 
legend of St. Ursula and her 11,000 virgins, who were martyred 
at ColognOj and whose supposed bones you may attll see there. 
The finish and preservation of this work are wonderftil; and 
they tell yon at the hospital that offers have been made to the 
governors of a silver chest of the same aize for that which they 
possess in painted wood. The offer would be a poor one even 
on tbe poor ground of money value; for undoubtedly the 
visitors of Hans Hemling's work very soon contribute more 
silver than would be required to make the chest ; and herein I 
may observe is to be seen an example of the royal prerogative 
of art, which can turn a few shillings' worth of wood and paint 
into a work absolutely more precious than silver or even than 
gold. 

The other early Flemish painter whom 1 wish to mention is 
Quintin Matsys, and I do so not so much for the ezoellenoe of 
his paintings, though that is very great, as betjause he was by 
trade a blacksmith. Yes, blacksmith and painter! — nothing can 
check the career of genius — and a very skiltul blacksmith he was, 
as anyone may satisfy himself by examining a wrought-iron 
canopy which protects a pump close to the great church at 
Antwerp. The story is that Quintin Mfitsya was in love with a 
young lady whose father objected to give his daujijhtcr to a 
blacksmith ; so, for the sake of his lady-love, Quintin Matsys 
gave up iron and took to paint. 

These men whom I have mentioned belong to the infancy 
the art, aud their works have the stiffness and formality 
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•oparable from iKe circutn^tuncet under which they were 
produced. Rubens, with his master, Otto Venius. and bis pupil. 
Vand/ck, represent the Flemish school in its full manhood and 
perfection. A raarvelloue manhood it was! I ftjel myself incom- 
petent to criticise it» and I know thorouj^hly well the small 
ralue which belongs to mj opinion, but I confess that the genius 
of Rubens impresses me as much as that of almost any paint-er 
whoso works J have seen ; you must not jud^e him by anything 
which we have of his in England ; so far as I know there are 
but two places in which you can see him in his ^lory, namely, 
Antwerp, and Munich ; aod when you do see him in his ^lory, 
the freedom of his drawing and the magic of his colouring make 
you doubt which of the two is the more adnoirable. Woe to the 
unhappy painter whose works hang near to those of Rubens, 

If wn went no farther on our tour I thiuk we might say — Well 
done^ Lf>w Countries ! But the how Countries have done much 
more. There is no country in which art has been applied to the 
architecture of towns more earnestly and more Bucoe9«ifully than 
Belgium. We English people are wonderfully thick-headed 
with regard to street architecture ; we have not half-a-dozen 
towns which are tolerable, and of our modern towns the in- 
tolerableness is generally unspeakable ; only ihink of London 
and the large sums that are spent there on new streets and 

?ub!tc improvements, and the small results obtained hitherto, 
lowever, it is not my business to abuse London, nor have I 
time to do so ; my business just now is to call your attention to 
the picturesQue character of the Flemish towns, and, above all, 
the town-halls which the peonle built in those towns when they 
were the centres of manufacturing industry, and when the 
inhabitants hud plenty of money — for there was a time when 
the people had plenty of money, namely, when Ghent was the 
Manchester of trade, and when the English Government was 
oldiged to go to the capitalists of Antwerp to borrow cash* It 
is s.'itis factory to see that our wrajthy towns are now making 
efforts in the same direction ; Liverpool aome years ago built 
St. George's Hall, for courts of justice and other public pur- 
poses ; and Manchester has just produced a really remarkable 
building for tlie accommodation of her la^w^'ers, being prohahly 
the moflt successful modern application to civil purposes of the 
architecinre of the Middle Ages. The great misfortune^ I may 
remaik by the wayi of Eughind, and especially of England's 
Creafc towns, in this department of art. is her smoky atmoi*phere. 
When Flanders built her Hotel de Tille she had plenty of 
money and a clear atmosphere : wo hnvo the moner, but we lack 
the atmosphere ; and n hat rhance is there of first-rate ideas 
entering the brain of an architect when they are all to end in 
amoko F 

There it one other hranch of art which must strike everyone in 
travelling througli Belgium, and that is the wood-carviug. I 
the rather mt'ntion this bccau!%e we have imporl^ed n hirge 
quantity of wood-carvings from Louvnin for Ely Cathedral; and 
anyone who has seen Ely Cathedral (as I trust almost all of 
you have) will remember how naucli tho eflect of the stalls in the 
choir has been improved by the introduction of carved pani-Ie^ 
exhiHting subjects from the Old and New Testaments. The 

{mncipal opening for cjirving in a Flemish church seems to have 
>cen the pulpit ; and some of the works of art in this department 
of sacred art are certainly wonderful A pulpit, for instance, 
phall represent the Garden of Eden, and then you will have the 
preacher surrounded w ith beautiful animals, pcacocki, birds of 
paradise, squirrels, Ac, witli Adam and Eve, perhapa. as large as 
life. It muy be doubted whether some of these pulpits do not 
represent carving gone mad ; but certainly the details are ver^ 
beautiful, and it would be diffituU to go to aleep during a 
aermon preached from such an exciting platform. 

So much» then, for Flemish art. In tho superficial sketch 

which I have given, I have wished to imprei^a upon you this 

conviction, thitt Belgium was ona of the early nurses of art in 

Europe, and that ii is impossible fur anyone to pass through 

the cuunLry, even in these railway days, without perceiving that 

thi^ is true ; and the reault, so far lis we in the present day are 

coiirerned, is this, that here is a couotry, as uninteresting by 

ndtarc a* the Isle of Ely, or any other counlry of the kind, 

rendered positively delightful by the application of human si ill 

to the highest departmentfl of art ; and, before I leave the Low 

Countries, 1 must ask you to obscr^'e that the same thing is tnie, 

^iltotigh with variations, of the other great division of the rvcther- 

hiiida, liiimvlyf Hull&ud. Did j on ever go to Holland i* If not. 

Jumsi^irj furjou. A whh to Hoi^aud of a few days supplies a 
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man with recollections for the whole of hia life. Of all the 
funny places I have ever seen, Holland ia the funniest. It it 
the only country in which I have felt disposed to rub my eyea 
and pinch myself, to ascertain whether I was not in a dream. * 
However, my busmn.-** is not to speak of Holland's eccentricity,, 
but of Holland's art; and undoubtedly its school of paintinf^] 
will bear comparison with any in the world. The most remark* 
able man in this brancli of art was Rembrandt ; and his case iflj 
tho more worth noticing beciiuse there was apparently nothing iD 
the circumstances of his birth to make him nn artist. He rose' 
from the ranks, so to apeak; it was genius which would come 
out. He was the sou of a miller ; and this, by-the-way, in 
Holland, is not a very exceptional thing, for it ii a land of railli, 
Br t ween Snardam and Woermerveer, in North Holland, there 
are about four miles of milt!^, all planted by the side of a road aa 
regularly as apple-trees by the side of a garden waJk, ao that 
one would say tha<^ there was a go«id chance for any Dutchman 
of havinij been born in a milL However, Rembrandt wa« m 
born ; and ifc has been suggested (I think very cleverlv) that hi* 
peculiar style of painting, his method of lighimg up his picturs 
from one intense centre of illumination, may have been uncoQ«, 
ciously sug;;et4ied by the interior of his father's mill, where haf 
played as a child. Certainly it occurred to mo when I was in a* 
Dutch oil-mill, watching the process by which two worthy Duteh 
millers were extracting oil Irom linseed, and when I noticed 
the dark interior, with the bright light streaming m through the 
open door, that; there was a ready-made " Rembrandt." 

However this may be, Rembrandt was a prince of painters 
and a glory of the Low Countries. Perhaps the most remarkable 
triumph of his art^and I refer to it because it ia a woaderM 
triumph of art in general — is his picture, which you may eee at 
the H«i}Jiie, of a certain Professor Tulk lecturing on anatooiy, ' 
Only conceive the lrii»l of a painter's powers who in oom« 
missioned to commemorale a famous anatomist by a picture 
subscribed for by his admiring pupils, and who undertakea 
pninfc, not merely a head and shoulders, which in the course ( 
two hundred years may stand for anybody, but the actual roan 
demonstrating upon the dead human subject with bis pupiUj 
around him ! You may say the picture must be disgusting j butr 
this is just what ibe picture is not : such is the power of arfi 
used by genius that even so strange and unpromising a aubjecE 
as the interior of a school of anatomy can be made a piciurel 
npon which the eye delights to rest. 

At the Hague you may also see Panl Potter's bull — such ft 
buiil no rinderpest about him: fine, wholesome yoan;| felli>w,r 
who seems only to regret that the convenlionalitiea of pictur<r 
lifu prevent him from walking straight nut of the canvas, and 
treating you to a good loud bellow. To me, I confess, this 
worU'lamous bull is not so striking as another picture by Paul 
Pottar representing a bear hunt: this is the most hving anioial 
picture I ever saw. 

Then there is a marvellous picture at Amsterdam by Van der 
Heist, sometimes dcRcribed m the miracle of the Dutch schooUi 
It represents the City Guard of Amsterdam celebrating ihel 
Treaty of .\luDster : the picture haj^ no great iotereat now. excepti 
as a remakable group of portraits ; here are about five-and twenty i 
persons, life-size, grouped together on one canvas, and each «l 
portrait such aa would make the fortune of an arti?t in London, J 
while the action of each man is easy and natural, and the fiuisii 
of the wholo quite perfect. 

These grent pictures which I have mentioned are merelf 
prominent spt ctmens of a school. Painting has grown in tha 
Boil of Holland ju«t as truly as her tulios and hyacinths: the 
school has not soared to the poetic height of the Spanish ami 
Italian, nor even of the German and Flemish ; but it has dm^ n 
great ihings, and in imitative representative art, I need hardly ^H 
say, it will challenge comparison with the whole world. My ^B 
purpose, however, is not to institute an exact comparison befweea ~ 
the Dutch and other achools of painting, but oniy to point out 
to you how thoroughly high art hris flourished in, and has 
morally elevated, a country which, physically, is hopeleaaly lowj 
and hoV it is true of Holland, as of Belgium, that a oouotry 
naturally uninteresting has been endowed with oharms of the 
highest order by the gifts of geuius and the happy victonea of 
art. 

We must not linger, however, any bnger in foreign countrifs. 
Time warns me that I must hasten to bring this addrefs t«; t J 
conclusion; but I must not do so without giv^itig a moral, or J 
\\ hilt I should call in a sermon, a practical appltcalioa. Let t 
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bcTi. to cmr ov*n cotmlry, and lot me r^ramd vou ihat, 
•« canuot boaatlKTean old suhool of painting, we may 
;hflt in one department of art, and that n liifjh i»n**, 
hitecture, we had. in olden days, a Behool in the I-^le 
ulik-b the I -lie inny b*' proud. Ely Cathedral rep re- 
ereryone will allow, Alcdra^rti] arcliitectiire in Ibe 
of it** beauty ; but ir may not have occurred to every- 
19 admired the beau lies of Kly Catliedral to think, or 
6 may not have had the opporf unity of knowing, that 
a1 Mediajval glories of Ely, perhaps the whole, M^ere 
n. 

knovr the names of the arrliiteets of all the great works, 
rhitect of the most remarkable portion, the central 
d lantern, was undoubtedly a monk of the convent, 
alainpham. I pupposo from his name thet he was 
i the Isle, but came from Wabin^liam, inNoHblk, a 
Ofte days much more famous than now. He would 
^ave come from his native villatje as a boy to Ely, and 
(r have gone much bev ond the buunda of the convent, 
ee tlioft© farms of which he had the care as saeristi 
> a man oi geuiuB, and circumstaneea favoured the 
It of hifl genius, though in a «iDgular wiiy. Firnt he 
love of art by making him&elf a ^oldamitli, aud then 
i the same love by turning architect. I^Iany oppor- 
fonnd for the exercise of this art ; in fiw;t, the jjood 
leems t'O lip.ve been couRtaDlly building one thing or 
le dt^signed the Lsidy Chapel, he built that eiquiaite 
rhich we call Prior Crawden'a Chapel, and peveral 
Jinga of less note ; but the grand opportunity for 
hiR full pow**rB occurred when the old central Normiiii 
in 1330* " It is an ill wind that blowg nobodv any 
I though the fall of the tower nearly frightened the 
of their wit<i and emptied their pockets, it waa (aa we 
Dftking ** of Alan de Walsinszham. Never was there 
peDinc, and Abm percen^ed it : he did not send to 
■ M r Scott, ns we, his degenerate flucees.'^ors, do, when 
iiy aherntions or improvemeDta, but he set to work 
\e determined thid he would have no more heavy 
reateniiig to come down and keeping up a reign of 
he would reciijit the whole structure of the cathedraJ j 
utroduced that beautiful octagon which has beea ever 
f the chief features of the building, and which maj 
id amongst the prime results of Mediceval archi- 

iii, 

en, we have close at home another specimen of high 
(K)untriea : art, let me obfierve, none the worse for 
l&rated to the service and worship of God : indeed, it 
a matter of history, and perhaps we miijht have 
, to be BO, that the religioiH feeling has been more 
than any other in promoting the progresa of art, 
he son of Uri, and Ahoiiob, the son of AMsamach. of 
'ead that God "filled** them •* with wisdom of heart, 
I manner of work, of the engraver, and of the cunning 
and of iho embroider in bine and in purple, in scarlet 
linen, and of the weaver, even of them that do any 
of those that devise cunning work/' Bezaleel and 
>re, I »ay, but the earliest speeinaens of a race of men 
r the old covenant and undt^r the new* in the days of 
I BolomoD, and King Edward III., and Queen 
uwe consecrated their artistic genius to the service of 
*e# no doubt, if a man have the power to realise it, 
of action which excites the bravest eflbrts and leads 
i tranecendent rei»nlt8. You Bee the most complete 
both of the power and of the success of the principle 
of that most admirable painter the monk of Fiesole, 
IS become the custom to style Fra. Angtlico: of him 
at he would never paint for gain, but that if petition 
to bim for a picture for any sacred purpose, he would 
ision of bis superior, and then give himself to the 

I no artist monks in Ely in these days, but the ceiling 
\ of the cathedral may be taken aa evidence, not only 
10 still high art in the low countries, but that the 
b gnidcd the brush of Fra, Augelico in Italy, more 
ears ago, in^ alive in England at Ibe present time. It 
cheering tact with regard to art in our own country, 
k like that of the ceiling of Ely Cathedral nhoutd 
begun and completed by amateur hands. Most of 
Dbably aware that the paintiog was conceived and 



balf-execuled by the bite Mr. Styleman-le- Strange, and that 
when death cut short his labours, sadly and suddenly, the work 
wag tfikeii up and competed by Mr. Gambier Parry. I have no 
time to descnbe this beautiful work, nor is it necessary; any- 
one who can come to Wisbech to hear this address can easily 
go to Ely to see this psinting ; and 1 am sure that those who 
do see it — I rnay add, those who see the many oik^t works of 
sacred art which are to be found in Ely Cathedral — ^will conclude 
that somehow or other, although we have no Alan de WaU 
iingham amongst us, high art does still find its way into the 
low countries of our I*»le. 

Lon^ may this continue to be so \ — and may this industrial 
and art exhibition help to foster ibe love of art, and tbc know- 
h^dge of art, and the study of art amongst us. Depend upon it, 
art is truly a gift of God; as Bacon, in the language of his 
latent and best editor, ** declared with all the weight of his 
authority and of his eloquence, that th^ true end of know ledge 
is rhi* glory of God, and the relief of man's estate,*' so also wo 
may say that an has been given for the same great purposes, 
Uiat it is intended to prom**te human happiness, and that it ia 
used for its highest purpose when it is made to tend to God's glory. 

All men are not artists, nor capable of appreciating art in its 
highest forms, but all men are benefited, more or less, by the 
progress of art ; just as all men are not poeta, and yet poetry 
softens the manners and poHshes the mind, and makes this 
world more habitable even for the most prosaic. You cannot^ 
tie up the benefits of art to a few— it U a gift to humanity, and 
extends in its infiuence and its blessings as widely as the human 
race extends j it may be abused to evil purposes, to mere luxury 
and effeminacy, just as other good gifts of God may be abused ; 
but there is no reason why it should be. It is not to be com- 
pared, in point of value, with those other gifts which affect the 
absolute necessities of the body or the still more absolute 
necessities of the soul ; but. putting aside these sovereitfn gifts 
of God, there is none for which we *»hould give greater and more 
continual thanks than for art, in all its multiform rami Beat ion a. 
We may see in it one of tho most conspicuous proofs of God's 
goodness, becuuse we find in it the evidence that He has given u^ 
this world, not only as a place to live in, but as a place in which 
the eye and the ear, and the whole mind may ever find abun- 
dance of beauty, and unfailing iprings of deligbt. 



GEOLOGY AS APPLIED TO AECHITECTUEE.<» 
By John CrrMMiNO, F.G.S, 

The object of this paper is to indicate those points of contact 
between tlxe geologist and the architect which mui^t be useful 
to the latter and may not be uninteresting to the former. Some 
whom I address, no doubt, belong to what has been welbnatned 
the '* Bricks and mortar school ; * there may be others who are 
the slaves of mere EPstheticism. The latter would be content 
simply to design, and if their conceptions culminated in nothing 
more thaji castles in the air they would consider their part 
complete- The former would igiiore the art and sink the archi- 
tect in the builder. To design in beauty, and not to to rest 
content till be builds in trutb., is the position asserted for the 
true architect. To enable us to build in truth a knowledge of 
materials, founded upon a broader basis than that acquired in 
the drawing-office or on the building may readily be obtained. 
I cannot think that a knowledge of sciences, which provide the 
materials of which all edifices must be con-structea, or which 
aid in their preparation, can in any way degrade or be beneath 
the notice of the true art student; on tbo contrary, with the 
knowledge, however small, of geology^ mineralogy, or mechanical 
science, the architect may, and often does, save large unnecessary 
outlay, and by so doing is in a position to expend money thus 
economised on such s&stbetic retails as may be congenial to 
bis tiiste or in accordance with his preconceived principles. 
To entertain discussion upon the relative nierttf^ of t!ic pig* 
ments artists use is not beneath the notice of modem painters* 
and surely to understand something about the materials of 
which bnildings are to be constructed cannot be beneath the 
atttmtion of the modem architect, and geology will undoubtedly 
assist him in the investigation of stone, slate, murble, clay, 
cement, lime, sand, and gravel, for purposes of construction. 

The science of geology ha^ features which connect it with art 
in many ways. The fate Mr. Richardson remarka ; — '* The 
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painter derives importaBt aid from a fidcnoe which teaches him 
the physical structure of a country and tlie jmncipli's which 
detcniime its scenerj and aspect/' Many works of great merit 
offend tlio eye by departure trom the truth of nature, which a 
knowledge of geology would serve to correct. For example, 
how grave sliould wc deem the error of the artist who, wlien 
depicting an event which fH-eurrcd in the soutJiern dirttriet of 
our island, shoidd sketch the scene with the rugged outline 
which chami'tcriHes the primary fonnations of the north \ or if, 
in reprcHeutiiig au Ofcurrencc wluch happcuf^l in tlie uorthcm 
distnct, he sliould deliueate the angular outline of itn Plutonic 
PCKcks mlh the undidating lines which characterise the sedi- 
mentary rocks of the Mouth. 

Some of the most celebrak^d modem paintings exhibit fatilts 
of this dt^Hcription, for in sonic of them rock.s are dmwn and 
views pourtrayed in localities where, owing to the phvBiail geo- 
graphy of the thstrict* they could never liave existed. Geoloj^y is 
t-o the landscape jminter what anatomy is to the student of animal 
fonns. and as such wiD n^pay his invcMtigation. The sculptor 
is no less indebted to gcoh^gy in the choice of matcriid : and in 
oilier rcHuects some of the finest productions of the chi>;eK 
owing to the choice of an unworthy materiab are chipped and 
deconmoscd- The Greek marbk^ of Pcntilicus was much ilis- 
iigiired frcun its iiupurity and the admixture of metallic' oxides ; 
hut the Itahan quarries of Massa and Carrara are free from 
hnpuritie!^ — ^they <'on8ist of oobtc stone crystallised. Many 
ancient works of art are spoiled from the impurities contained 
in the stone. A celebrated chef-d' wtivre of modem date^ viz., the 
Ariadne of Darmeker, is greatly injured from this cause. It may 
be added that the late Sir Francis Chan trey was so well aware 
of the value of a knowlcrlge of this kind that he made himself 
a proftcient in mineralogy aTul geology. If, then, the painter 
and sculptor can obtain such uset'ul help from geolo^, may not 
the architect ? It is my present object to try to point out how 
he may do so. Architecture has aided the science of geology in 
a remarkable though undesigned manner, and I claim a return 
from geolog>\ The elevation and depression of parts of the 
earth's surface is an operation of constant occurrence, btit in the 
early days of geological science could not be demonstrated to 
those who disbelieved in the new science. A rcbi tincture has, un- 
consciously, enabled us to verify this pha^nomenon. The Temple 
of Jupiter Serapin, at Puzzuoli, yields extraordinary evidence of 
ite repeated submergence and emergence from the sea. '* The 
ruins, ' says Dr, Man tell, *'arc situated on the shores of Baitc^ 
am! eoui^ist of the remains of a large Inulding of a quadrangular 
form (probably used as a bath), seventy feet mde, the roof of 
wbich was support^'d by twenty-four granit<* columns and 
twenty-two of marble, each a monolith. Many of the ptUars 
are l>roken and strewed about the pavement, but three of tliem 
KtlU remain standing, and on these arc inscriptions not traced 
by the Grt^eks or Komans, but by some of the simplest forms of 
auima! e^tistence. whicli have left enduring records of the 
physi'-^al changes that have taken place on these shores since 
man creeled the temple in honour of his gods. The tallest 
«x»lumn iw forty-two feet in height: its Hurfare is smooth and 
uninjured to an elevation of about twelve feet from the jH^destal, 
where a band of perforations, made by a species ot marine 
l>ormg muscle, commences and extends to the distance of nine 
feet, above which all traces C^^ their ravages disappear The 
perforations, many of whicb still contain shells, are of a pear-like 
^hape, and are so numerous and deep as to prove unquestionably 
that the pillars were immersed in sea-water at the very time 
"when the V»ase and lower portions were protect eil by rul)bish 
and tuRh, and that the upper parts projected above the waters, 
and consequently were placed beyond the reach of the lithodomi. 
The platform of the temple is now about one foot below high 
water mark; and the se^i, which is only forty yards distant, 
penetrates tlie intervening soil. The upper part of the perforn- 
tions is therefore at least twenty-throe feet above the level of 
the sea, and yet it is evident that the columns wore once plunged 
in salt water for a considerable period. It is equally clear that 
they have since been elevated to a height of twenty-three feet, 
still maintaining their ertict position, incontrovertibly proving 
that the relative level of land and sca on that pari of the coast 
Ima changed more than once since the Christian era, each move- 
ment of subsidence and elevation having exceeded twenty feet. 
The piBsrs are again subsiding so gradually that they still 
mAtnrain their pi^rp(*ndica}M\ " 
I Imre thvugLt h mtvrestiDg to give this short accoimt of aa 



inBtanc^ of archit-ccturc, proclaiming in unmistakeable termi 
facts of science, in order that 1 may urge the possibQitieB of 
sdenc-e of geology one day assisting the art of architecture, 

Leonardo da \ inci, best known as a painter, was an archit^< 
and» it a,pjK'ars, a geologist also ; that is to say, he was i 
acute observer of geological phfpuomena. He was one of the 
first to put a right construction on the fossils which had been 
found in his day, and niadi- it his business to become a4!-qnaiDted 
with the structure of the earth. Many a man lias found the 
inconveiiience of a lack of scientific knowledge when in contact 
with tlie modern buihler. Jiow often is the young aTchit<»ct 
obliged to bow to the builder's superior knowledge of material^ 
the places I'rom wlieiuv these materials are procured, and of 
many other practical topics ? This may in some degree accoimt 
for the increasing tendency, in this very utilitarian age, to 
em|iloy builders only, tiitliotit the intervention of the archit<^< 
The builder-architect frequently posscs.ses a large amouiil 
pnu'lical information not >^lmred in, by at all events, the yc»( 
architect. Jt will be admitted that the less the designer i 
the executor are united the l>ettcr. The arcldtcct should not 
obliged to bow to any man on practical questions which relate 
his profe.ssiou- Art and science are ti^-ins, each possessing 
distmct path, but ha\-ing t*onvcrging hues and points of jui 
tion where they kiss eacli othi^r and unite to speed a comm< 
weal. The aspirations of the artist have many a time be 
checked from the absence of power to carry them out. Scicni 
with a helping hand, has often stepped in, removed mechanic 
obstacles, and opened the road to higher art achievemcatj 
Grecian science suggested the areh, Phoenician science 
the une of building-stone and its preparation. It is neccsi 
admit the connection between ai)phed art and scienc4?. 
so much llmt is beautiful in nature is made the baHift 
architectural ornamentation, a just appreciation of the objcci 
selectt'd as the baiiis of the design is essential. This is eminently 
the case where flowers or fohage are introdued, and^ howevcri; 
we may conventionalise, it nujst never be at the expense 
truth. To avoid error, a knowledge of botany, however slight, 
is useful. To tlic artist it is essential. To be a good sculptor 
you must be an anatomist » and if anatomy be essentia] m th^ 
design of animal fonns, equally so must Ijotany be essential m 
the Vlesign of vegetable fomis. In Jine^ it mil be seen thai 
whatever science teaches of the structure of crt'atiou Aad 
the laws which govern nal:ural phopnomena should be hailei 
as an aid to place architecture in its legitimate position in the 
van of modern professions. Geology has Wen lately styled 
a popular stnence, luit why I have failed to discover- it 
is true that many talk what is deemed geology, but their talk 
is as far from it a:4 tlie Poles are asunder. Aumcrons worb 
have appeared of late containing speculations as to the nat*- 
cedents of the human raee : whether Adam was the first auin, fr 
if lie wa,s but the iirst example tif a fully developed hmm 
being. These, and many other questions^ have l»eea vrry 
clevt?rly discussed by men of acknowletlged power; but Uw«r 
considerations do not belong to the t^eience at all. On vaaJiJ 
tpccasious I have licard mcTi argue upon some of these hj™»- 
theses from the perusal of the works upon the«*> topic*, but 
to call such men geologists is a misnomer. The pubUc to 
some extent believes that to be a geologist is to he oitf 
who wishes to undermine all preconceived ^^iews of rroaU*flt 
and historic rcUgiou. The error is with the public. To Wi 
geologist means to be well informed upon the nature of ih^ 
materials of which the carlh is composed, and to recogniMJ 
by its contained fossils and mineralogical characters to whit 
position in the series a given stratum is to be assigned; to tmtX^ 
tain facts, and, when determined to be true t'nir-- lu record 
them. The speculations too often rt^garded as ^ i '^"^ 

such facts are, in most eases sciolisms, not sciem aor> 

The student-architect may employ some httle of his tunc f*roil- 
ably in the study of geology. I do not ask him to p\p «p 
his hoUihiy sketching, his class of design, his life studies, ^f 
Imt may he not, wHth liia sketching, keep hi* eyes open (br 
geological features, and thus give an additional interest li*Hii 
holiilay reminiscenc4?s P In continental churches, momiracat*, 
and other buildings, may he not find ont of wliat v ar.^ 

built from, what formation obtnined, the distaur n.' 

tvinveycd, the age when used, Uieir state of niv i- 

bablc reason of their employment, and such olio m 

he suggested on tho spot? Would nut memt>run«ja hut j1**>< 
be of lise to the profession and yet be not devoid of iuteittt t 
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lirorM ? To comprcLend why tlie study of g(H:»lopy 
il to the architeft it is necessary toTsoint out a 
funditmental priiiL'ipk'S of the science. The present 
J awaken an interest that may induce some to look 
3 the subject and Icuid otlu ri^ to aeeeijt ^Ihe work of 
rt- as a useful help in the exercise of therr profeaifjion, 
h on which we live has for its upper cniitt a layer of 
iccording to Honic four, to otlirra six, or more trules 
I. This is umde up of dill'erent minerals deposited 
an. tlu* river, the iceberg, auil other causes* and 
some cases, by chemical, iii others hy mechauical, 
and in many other ways. Where eonfiuenlu and 
' dot die surface of the eartJi ott-nns and river once 
at various times in the history of the world sea and 
dumced places. These operations have been the 
>i, and earii i?Ticcessive alteration has left its indelible 
e sands of time. Till aljout a century ago the cnist 
th was considered a mudtllcd mixture of various 
soib with an incandescent centre ; but since, Inr the 
It of Smith, called the father of the science, Lvell, 
, J>e la Bcche. and a host of other observers, hoth 
and -Engliiih, the strata have been classified, and 
wc chronolo^cal order ascertained with an aecuraey 
complete. The fossils, once thought to he the 
8 generation of the earth, or the unsuccessful 
the Grt*ator, are found, in the language of Dr. 
D be tlie medals of creation, so much so that 
I organic remain is exhumed but it can be at once 
its legitimate place in nature's illustrated volume, 
toral 111 story of England, published about seventy 
mys Mr, Ejclmrdjjon. it is gravely observed. *" that 
Irn, in KenU o Hnd of stone is found full of shells, 
>roof that shells and the animals we find in them 
b no necessary connexion/' Another amusing in- 
j^ooranco on these subjects occurs in a history of the 
uiTcy, in which it is stated that, in a search for eoal 
brd, the borers broke, and this was believed to be 
f subterranean spirits, who wrcnehcd off the augers 
rs lest their secret haunts should bo invaded. But 
hm emerged from the incuhua of superstition and is 
the foundation of facts. It has been demonstnitetl 
innation or strati lication has a definite relative place 
»s of rocks. a.s truly as a page has in a book, so that 
lat sees a rock and ascertains by its mineralogical 
ad its contained fossils its place in the series, he can 
idth astonishing accuracy what sub or superstrata 
found. Fortunes have been spent in the search 

S laces in which it could never have been found, 
crefore, might have been saved if their owncrn 
in possession of a few facts of geological science, 
manures, stone for b\iilding, and many other sub- 
\ often carried long distances, when they may some- 
ttid beneath one's feet. AE the .strata with which 
Bcovercd were, of course, deposited horizontally. 
g action of the seas and rivers, the w^atliering of the 

pluvial and atmospherie causes, and other disin- 
fafpces, have prepared the way for the transport of 
reviously consolidated, and the seas and rivers have 

ling agents. It will bo asked, if all strata 

_ monkally, how it is that we are enabled to 
^"of them, seeing that tho greatest depth which 
ka« reached does not extend to a mile ? During and 
.eposition of the various beds of rock the earth has 
im constant ^^olcanic disturbances, tho mountains 
past down and the valleys have been exalted, strata 
tiled on their edges, and, like a pack of cards, over- 
icpe we ride over the upturned edges of several 

there we travel along the saddleback of only one 
itratum. The landscapes we admire, the hills of 
le mountains of Switzerland, the slopes of the South, 
xdts of such operations. Largo as tho convulsions 
►eon, and gigantic as tlunr effects are, chaos has not 
ped- If no upheavals Imd taken place, no depression 
tt the mineral wealth of this and every otlicr country 
idden ^m view. Not only would the beauty of the 

been lost, but we should have been without the 
with wliich art's greatest triumphs have been 
Iron ami coal would have been hidden in the bowels 
l^t afid England's greatest treasures imdiisclosed. 




Now tho different beds of rock and other formations have, for 
the sake of study, been divided and named accortUng to their 
position in the series. The old nami-s were primai*y, secondary, 
and tertiary ; now we have abolished the primary, and several 
other alterations have been introducctl, hut it will answer our 
purpose to adopt just now the threelbld division. I will 
name the more important British rocks in their order of 
deposition, giving special attention to those wliich are em- 
ploj^ed in the art.s by the architect. The basis of all the sedi- 
mentary rocks is considered to be gninite. and over it all 
the subsequent depositions have been laid. The term granite 
to the geologist means more than it does to the general 
stutlent. It is the name given to a serien of rocks which 
difler widely in appearance trom that substam*e which is 
t^mmonly known by the name of granite. True granite is 
composed ot* quartz, feldspar, and mica, but iho proportions 
of these minerals differ eunsiderably in the various granites 
of this kingdom. In some sjiecimens quart;; is prcdomincnt, 
in others mica, and in many teldspar. Thy admixturt* of 
hornblende, h^-persthene, actmobtc, stealite, talc, and otiier 
minerals gives a variety of names to compounds, we need 
not here mention. The flagstones iind j>arapets of London 
and Southwark bridges give good illustrations of a feldspatic 
granite, tlie crystals being large and well-detined. Micaceous 
granite is known by its glistening white or brown scales, and 
quartzose granite by the prevalence of that mineral, included 
in the granitic system are porphyry, seqjcntine. (rap, &c. 
Fossils Imve not as yet been discovered in tliese rocks, but, 
as tire or intense heat have considerably moditied them, it is 
possible that the evidences of the existence of animal or vege* 
table life Lave been obliterated thereby. The recent diseovery 
o£ a microscopic organism called the jSozoon, in the Laurentino 
rocks iff Canada, seems to tend to the belief that in time the 
existence of fossils even in the granitic rocks will be determined. 
Granite is the Imrdost and, perhaps, the most enduring of all 
stones; its advantages have been recognised in all times. It 
is distributed over the w^holo world. Egpyt, Assyria. India, 
China present monument.*^ which attest its excellence. In this 
country, Cornwall and Devon yield the greater proportion of 
granite used in England, The quarries are very large and 
accessible, and the stone is easily worked. Hic Chamiel 
Islands yield a granite hard and good, but expensively 
tough in preparation. Similar gramter is obtained from 
LeiecsterHhire. The choicest stone, however, comes from 
Aberdeenshire. The well-known Peterhead, with varieties of 
pmk and grey, so much in vogue just now, comes from Aber- 
deenshire, in that district, however, the quarries are not so 
easily worked, and the cost of transit renders the employment 
of their stone, except for ornamental pur^)0se8, limit^^d. Professor 
-Ansti^d says that good ordinary granite has a mean specific 
granty of 2'G6, that the cubic foot weighs 166^ lbs., and the cubic 
^ard about two tons. Granite is of all ages, and not, as was 
formerly believed, a simply primitive rock. It has been foujid 
in the Pyrenees, obtruded through the clialk. Sycnito 
granite> in which hornblende takes the place of mica (according 
to Mr. Bidiardson), has been observ ed overlumgiug the chalk 
in Weinbohla, Saxony, and in Antrim, Ireland. Indeed, granite 
veins have often intxuded themselves through granite rock of 
older dat4?- Tliese facts are given because wc shall have to 
idlude to the subject of granite as a building material, and to show 
that it is not all gold that glitters, and not all enduring granito 
that looks like it and bears its name. It is enough to mention, 
amongst the igneous rocks which are called volcanic in tht'ir 
origin, tho names of greenstone, basalt, porphyry, lava, and tuffa. 
Greenstone is practically a variety of syenite, "the compo.sition 
of which I have given. It frequently passes into syenite, as is 
beautituUy illustrated in the head of Eamnses, in the British 
Museimi, where the body is greenstone and the head syemto. 
Porphyry, derived from the Greek word {nopf^vpa) signifying 
purple, has been used bv the architect for ages as an orna- 
mental stone and an enduring one. It is found of various 
colours and textures^ Lavas are of different characters and 
bear various names, all, however, baring the same basis, but 
lianng passed through different processes in their ejection or in 
cooling. Tuffa is simply lava frotlied up by the air, a« dough is 
made open by carbonic acid. Tuffa stone, a cidcareous variety 
of which is foimd in Pembrokeshire, is used as a Imilding stone. 
Its durahihty, lightness, and frecness tn working recommended 
it to the masons of ancient times for filling up vaulted roofs, 
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and thepo i§ no doubt ihxt in the re^torfttlon of ckurdlies, where 
time has weakened tlie foundation of arclies, gromed roofa, &c., 
it nii;jlit, on awotint of its lightness, take the place of heavier 
jBiaterials, especially in situations where the pres.sure upon it was 
not excessive. It has all the appearance of, and is, to all intents 
and purposes, stone. Of the metamorphosed or altered roeks 
wUicli arc next in scqaenee I sliall state nothirig, exempt that 
from them a beautiful cryst-ailine limestone h&n been procured 
of the appearance of loaf sugar, and much prized for its purity 
by the sculptor. 

The Cambrian and Silurian rocks are the next, important 
divi)*ion. These rock^s form the elevat4?d range from north to 
south for nearly the whole of the western side of England, from 
Cornwall to Cumberland, reacliing the height of 3,00(3 feet, and 
producing all the grand scenery of the lakes of North Wales, 
The Cambrian rocks consist of slat*? rocks and conglomerates. 
The slates obtained from the Cambrian Bystem are well-known 
from their exceeding smoothness, hardness, and fine grain 
qualities, which, for building purposes, give them their pre- 
emincnee over slate from other and more recH-nt formations, 
81ate couHiBts of successive layers of mud indurated by pressure, 
and probably by chemical action, hence the ease ^vitli which it 
can w separated into sheets or Blates of any thickness. The 
yield of slate can be increased to meet any demand. The use 
of slate, ornamentally, has not received the attention it merits. 
Mr. Mathews stated in his excellent paper on *' Materiula most 
appropriate for London exterior?^/' * f bat ** slate is a material 
that might be more generally used in a decorative manner." 
Sawn, it might be useil iii panels, cornices, mouldings; the 
csolour is good and will harmonise well with stone and brick. 
^Enamelled slate offers a wide field for design. 

The Silurian system a fiords us Llandudno flagstones and 
limestones, some exceedingly fossiliferous and beautiful — pages 
from Nature's book illustratx^d by the originals, I cannot in 
these re marks venture upon what is called the Paheontological 
piort of the subject* i.e., the description of the remains of 
andent life, however int-eresting, but I would remark that, in the 
emplo^Tnent of stones for ornamental purposes, there is seldom 
sumcient notice taken of the Hmestones which contain so many 
beautiful examples of iS'ature's handiwork imbedded in them. 
It is true that now and then we see a uiantel or ehinmey-jamb 
of Derbvshire marble with beautiful examples of orinordians or 
qorals ; liut might not decomtive art utilize to a greater extent the 
beautiful forms nature has afforded in these relics of the pastP 
The Devonian, or old red sandstone, bo called from the red 
colour, derived fi*t»m peroxide of iron, consists of sandstone, grits, 
and marls, and hmci^tones, amongst the latter some beautiful 
ooralline marbl(*s. The sandstones are of all degrees of com- 
nactness, and when of a slaty eharm^ter are much used for 
B0avy rooting. The next in importance is the carboniferous, or 
ooal-beariiig series of rocks. From these formations England 
obtaiufi her greatest wealth — coal and iron^which have proved 
to her of more value than the gold of Australia or California, or 
the diamond mines of Golcoiida, Sandstones, shales, ironstone, 
miHstone, grit, moimtain limestone, and seams or basin!! of 
oofll, make up the system. The beds of mountain limestono are 
efitimated at about 1,000 feet of thickness ; in these are found 
in great abundance ores of lead, zinc, copper, bar^^tes, and some 
verv fine marble, conglomerated, formed of the detrites of older 
roeks of the magnesian limestone, and the dolomitic conglome- 
rates of Yorkshire and Durham. The latter are the beds from 
which the stone used in tlin erection of the Houses of Parlia- 
ment was obtained, of which mon^ by-and-bye. I may just 
remark, however, tliat as a building stone the magnesian lurie- 
stone possesses the softness and facdities of working of the 
oolite with the hardness and durability of the raort? crvstalline 
rocks, Wlien highly crystalhsed it is termed dolomitie. The 
now red sandstone, which belongs to this group of rocks, con- 
sists of »andst<jnes and marls coloured by peroxide of irun. 
The stone is too loose and friable to be employed for budding, 
nsid the only feature of importance is the enormous yield of ro^-k 
salt and briny springs in this stratum. At Drc>it^-it?h the salt 
ro^iks are the more remarkable in that it is believed that they 
w«re worked by the ancient Britons, and for 2,000 ye^irs have 
not ceased to 3rield a supply. We next come to the lias, oom- 
posed of clays, limest^^noj *fce., filled with fossds of many kinds, 
and rich in the remains of the formidable aaorians of a pre- 

• ^ ■ — ^ — — . — 
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Adamite period, the restofation of which by Mr. Hawkim*, at 

the Crystal PalatM?, hai excited the wonder and admirati 
of everybody. The limestones have not proved durable 
building, or indeed for any puroo^e ; an a road material, thi 
very hjurd and apparently durable, they are worthlem i they 
pulverise, afid tte result i» mud, 'The oolite rodra, so termed 
from the egg-like structure of some of the beds, are very im- 
portant ; the uinx'miost bed. as the Portland rock, being 
passed as a building stone. Bath stone is the great oolite 
geologist, and is next in importance to the Portland stone h 
group. The oolite beds are numerous, consisting of limeaicneii^ 
shales, clays, sandstones, and contain very many valnaUe pfo^ 
duets — Fuller's earth for example* Tlie has and oolite romia- 
tions extend themselves throughout the length of the oountrr, 
from Portland in the south, to Whitby in the north, Next id 
order are the wealden formations, eonsijtting of day, frond, and 
limestones, formed by freshwater at mouths of largi* rirnt. 
The Isle of Wight and the south-east of England are the greit 
depositaries of these strata. The sandstones, having no cement- 
ing material, are useless for building purposes, and tho onlf 
beds it is necessary to name here are tiie Purbeck and Snaiix 
marbles. The former has been in use as an ornamental marble 
from time inunemorial, chiefly in ecclesiastical ediiiccs. 
U scarcely nn ancient cathedral or church of importance in 
country, erected during the middle ages» in which this b^Muti 
marble has not bc*en employed, Sussex marble is similar i 
the Purbeck in composition ; that is, it is ronirm*,.!^ 
fr^^shwater univalve, not unlike a periwinkle, cflli sdaaa, 

cemented together with lime and sand. In tli stone, 

the shells arc larger than in the Purbeck. When poliiLei 
either stone is rery oiTiamentnl, and the Eomans appear to hati 
used it largely in their eddiees. In 1723, whilst the fouudatioii 
of the council hou^e at Chichester were being dug, a slab ( 
Sussex marble was discovered, on which was an insctiptiuoii 
the folloipi-ing effect. I quote it here because of its aiitii{iiar^ 
interest : — '* The college or company of artificers, and they \. _ 
preside over sacred rites, or hold ofilces there, by the atuliori^ 
of Ring Coridubnus, the legate of Tiberius Claudiu.s Au^ — ^ 
in Britain, dedicate this temple t^ Neptune and Miner 
the welfare of the imperial family, Pudeus, the son of 1 . ^. 
tinus, having given the site." Some of the coarser Idad^ 
Sussex marble are t*ieellent for coping and paving stones, i 
ore very dtirable. The chnlk formation has mudi intereftfor 
the geologist and but littk> tor the architect, but tWn 
several points of Lnteivst that may be noticed. Chalk iti 
nearly pure carbonate of lime mixed with numberless 
scopic sheUs, the remains of larger specimens, and with 
perfect fossils. The difference between chalk and maiillii 
simply that in the former the carbonate of lime exista in i 
minutely divided state, and in the latter it is erystallised. Tliii 
has been demonstrated b}- Sir James Hall's experiments. By 
pulverising eluilk, hermetieaJly sealing it, so as to prevent tin* , 
gases from escaping, and then exposing it to heat, the cshafk %v 
converted into a crystalline marble. Many eflbrts have been XDJ^ J 
to uuitate nature In this way. Thus, not long ffinee, it was p«o» 




posed to execute works of art, sculpture, an J traoery for mla^ ■ 
teetural purposes in chalk, and when finished to indarmt« tt br H 
chemical prt^eesses, so as to render it enduring as marble, i 



certain araoimt of success followed, but the sharp line* of tb 
anilptor's chisel were wanting, the beauty of marble wis Mli 
obtained, and in many ways the anticipations of the inventor 
the process were not realised. Camira marble w a pure ay^ 
taUine condition of lime, and most of the choicest exaisfplea am 
as truly chalk ; but we cannot, though we have all the ix^oiaili 
materials, produw from chalk Carrara or Parian nwrUoi. 
Alabaster, wliich is a stalagmitie carlxttiate of lime, kaa \tetm 
employed of late in architectural works • As an instancv wy 
be mentioned the new church of St. Paul, by Mr. J, Kewtdw 
where the spandrils of the ribs are of alabaster. Hie bait 
example of its use in ancient times is shown at the ehnrdi d 
St. Marco, Venice. Alabaster is only suited for int^Frnal wral* 
and that only in dry places. By exposure to uj 
readily decompoaes. One of the most curious 
chalk has just been made in the introduct" - 
which threatens to abohsh all engraving < 
and for the illustration of books it appear > - .jiim 
Bt drawing on the surface of a block of chalk with 

ink, which indurates where it touches, and with 

moving the intervening spaces of challc which have not beco 
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y^e ink, an cngrflved block in relief. »o to spmir, is 
odnced, giving M-ifli absolute faithfulness the artist's 
bes. A sterrotypt^ from it niay now be taken and 
&om an ordinary plate. TLo tertiar}^ depOHita above 
ecmsisit of standefay, friable limestone, crags. Sec and, 
arrire at the recent aecuniulafion on the surfaee. 
fly we haye ffone over the series of roekfi whieli eon- 
© cmst of the enrtli, and in some measure have seen 
Sation made of thc.^e rocks by man in the arts. To 
mention the chief depoHits would be impo^Mjble 
limits of thiH paper. The qnc^^tion of the relative 
building stones, the causes of their decay, and the 
their preserration, have ocenpied the attention of 
and men of srimcr for .some time past. It is no 
liry, for, next to the dcsi^in^ of beautiful edifiecH, the 
ot the materials of which they are to be constmcted 
a prisminent place. Our forefathers, whether by 
• skill in selection, in n great many cases anpear to 
•ted stone of a more lasting ehoraeter than that em- 
later times ; and it is no small praise to them to 
that, wliile biiildinjjs iu this the centre of science 
cirilisation have shown symptoms of decay after a 
ice of thirty 3'ears, their oest work.<, some of thc^m 
a time when science and civilisation were imder an 
fltotid the storms and winds and rains of centuries, 
bnt little injured still. Tlie reason why is (he problem 
solved in a ^eat iiicasim^ by the yoiinp architecl of llic 
ly in the way already ^vointcd out ; and I repeat, tbat 
in with accuracy the quality, the geolo^c age or for- 
id from whence derived, ol the stone employed in the 
iring arcliitoctural works, is the first step, and to state 
jt of decay, and the position in each building iu which 
f haa most shown itstlf, will be the best way to point 
ocks to be avoided and to su^ijest those that are 
Professor Ansted claH^ifieB building stones under 
of granites, limestones, anrl sandstones, and the sub- 
are those that can Ik* worked only by the pick or by 
ad those that can be worked by the mallet and chisel, 
being called freestones. Let us look at these minerals 
jplication to building pnq>oses. 

unites. There are not more difficnlt materials to 
1 than granites ; indeed, for eentiirien the architect 
mmed tlu^ strong material. 8eienee, however, has 
he re«caie, and by mechanical help great results are 
ined from the most refractor)^ rock. While labour 
slaves) cost nothing, granite, in early history, was 
or the images of gods, the tomb» of mngfi, for their 
nd tempU's, and for mouumeuts of great events. 
wat always employed in the erection of monuments 
intended to last tbr ages. In their choice of granite 
purposes the Kgyptians were not mistaken. To this 
monuments of Egirpt. nay, the hierfiglyphs on their 
s almost as fresh as if just from the aculplor's chiseL 
of working, however, is still great, but as this cost 
» as in time it must, we sliaU see more of it used in 
tral work ; not in the servde manner in which it is 
kdiion to employ the red granite of the north, but in 
p instances where the wind and rain beat, and where 
Shnirably adapted to withstand these inlluences. In 
,t might prove a permanent and enduring assistance to 
composed in other parts of more ]K^risliable material:!, 
an now be obtained of so many diflerent shadesi of 
It any building stone can be found to harmonise with 
The sculptor has tried to employ granite in his art, 
vOttled appearance and often faulty composition are 
nat it for his purpose. It is needless to ouote churchea 
Jig,4 in this country in which granite naa been em- 
past ages. Nearly aD of them show no symptoms of 
t in flome inftances disintegration or decomposition 
place, and this from the selection of unworthy ex- 
stone, for it appears that there are some granites no 
f against the weather than the poorest limestones, 
, ooanpact as gnmite appears, it is, nevertheless, sulB- 
mk and poroiig t^ admit a considerable amount of 
By absorption it will take up nearly I4 per cent, of 
I WDcre dii) integration takes place it is owing mainly 
feumstancc. In idl stonea that admit wati*r. and all 
imployfi it* terrific force and sepamteH particle aftiT 
ill the surface ia destroyed. Water convcj» the 



chemicaJfl which exi«t in the air to the inti*rior, and by its 
solvent power, due in a great measure to the carbonic acid it 
containB, decomposes aD stones. To judge of the great power 
exercised by carbonic acid as a solvent, it may be mentioooiJ 
that all the silica that exist** in the vegetable world (and no 
plant can grow without it) is derived from the st<>nes and flints 
of the earth, and absorbed by the microscopic capillary cells hi 
the roots, but the solid silica could not pass through these cella 
and wat4?r, we know, will not dissolve tlint. How then h it to he 
accomplished? The niin that falls collei'ts the carbonic and of 
the air, and acquires the same from the soil thn>ugh which 16 
passes, and in combination therewith it dissolves the thuty rook 
and stone, and thus conveys the necessary support to the roots 
of all vegetation. In the selection of granite tor enduring pur- 
poses those in \^'hieb the constituent minerals are most CTenly 
proportioned are the best. Like small paving stones, each par- 
ticle seems to help the other, and the smaller the grain the 
more completely is this the cose. Large cry slab of feldspar 
are always objectionable on acct>unt of their readiness to decom- 
pose. For ornamental purposes almost any granites are avail- 
able, many rtflbrding very rich combinations of colour, and if 
the surface be polished the weather has less hold upon it and it 
lasts longer. If granite be totally submerged in water and 
never exposed it will last unimpaired for ever, thus showing 
that water alone, without the agency of the air and de(Tea.He of 
temperature to the frt^ezing point, w\\\ not materially affect it. 
The feldsuar of granite is tJie most likely to decay, * The well- 
know kaolin, or China clay, is nothing more than decomposed 
feldspar, a material which exiatii largely in Cornwall and Devon- 
shire, fnmi wliich ti^'o counties 60,000 tons were exported in the 
year 1865, 

(,To tn eonelvdtd in fntf ncrf.) 



FireM, Wire Mnginei, and Fire Brigade t. By Chahles F. T. 
YoFNG^ C.E., Mem. Soc, Engineers, Author of " Tlie Economy 
of Steam Power on Common lloads," &(*. kc. London; Lock- 
wood and Co. 

SECOND JfoTICE.* 

Ix introducing the subject of steam fire oDgines Mr. Young 
s-iys, *• The manufacturo of steam fire engines in England, as a 
regidar braiich of industry, is of very recent origin ; and although 
to England belongs the honour of having made the Hri^i steam 
fire engine so far back aa 1829 — when it wa^ constructed by 
Messrs. Eraithwaite and Ericsson, in London, by whom four 
more were made at a later period, all being eminently success- 
ftd — yet, so strong were prejudice and other influences, that from 
1832 to 1852, no more were made in this country, nor was pub- 
lic attention direeted to the matter.*' That this should have 
been the case in a country professedly so practical, and disposed, 
in all inntances, to tn'at tbmfts simply upon their merits, would 
be Bbsolutely incredible, were not the fact patent to all who 
have taken the trouble to inquire into the Bubject. Un- 
fortunately the late jVIr. Braidwood. although undoubtedly a 
thoroughly clever and practicjd man in the handling of Uie 
then ordinary appliances tor tire extinction, was prejudiced in 
his views regaring the introduction of noveltios. such as the 
substitution of steam for manual power, and we cannot but 
think arted towards the real pioneers of improvement, Messrs. 
Braithwoite and Ericsson, "with some injustice. 

We quote the following plain but suggestive remarks from 
Mr, Young's work: "The late Mr. Braid wood was, from the 
beginniDg of his career in Ijundon until within a short period of 
his untimely end, a most strenuous and determined opponent of 
steam fire engines, * becau.se tliey were expensive,' and there 

* was not suJficient water to supply them.'t Therefore, although 

* admitting their great efficiency,' they * were out of the question 
untU a larger supply of water could oe obtain^ ; and then, his 
impression was, tuat when they came to have an adequaU- sup- 
ply for steam fire engines, a higher pressure could be given^ so 
tbit they cotild work from tlie main without requiring th« 
steam fire engines !* ** However, after all this, when the con- 

t B««i Mr. Bnidwood'fl Fftper on *" If^^ uad Pir«*pTOor Stroctiam" in tbo 
C, S. And A, j»umat, Tol, xii, pp. 107 ifid 3SB. 
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gtraction of steam fine engines was revived in Kngland bj Messrrs. 
Slianrl, Mason, and Co. — who tnade their firi;t KU^amer towards 
the cloao of 1858, and constructed one in I860, whicli waa hired 
by the Iiondon Fire Ko^'ne EstahHHliment — we find that this 
engine seems to Imve het-n viewed with peculiar favour; for Mr, 
Braidwood wrote of it : *' Hiat at large hres, beyond t!ie reach of 
tlic steam floating engiDC, the land steam fire engine hay been of 
great service. It is not only the lar'^e quantitif of water which it 
ihrowi {!) hut the height and distance to whiek it is tliroTVTi 
which makes it so valuable. At the same time it can be worked 
as gently as an ordinary engine." 

" It is curious to find that t)ie objection ro persistently nr^ed 
against the u^e of at(?ara fire engines from 1829 to 1856, viz., 
tEat they threw too much water, should in 1860 — 2 be esrteeraed 
one of their chief advantages ; and that, too, by their moat 
strenuous opj)onent ! It is difficult to assign a reason for thisi, 
since fires were as heavy in those days aa at "the present, and 
certainly as hkely to require ' a large body of wat^r' then as 
now, -rifter this we find Messrs. Shand, IMa^on, and Co., 
tjie * sole steam fire engine makers * to the London Fire 
Engine Establishment ; at lea-st, such h the ease practically, as 
no other raalcer has been favoured with an order to eonj^tmct 
them a trial engine i and when one was ofiered on lotm by 



another firm, it was declined. From tJiis we should in 
the 'Establishment* did not desire to find out or emj 
hest engine, hut to keep up and maintain a close mon 
steam fire engines with tlieir favoured makers, regardlei 
results of praetieal working or improvement ; and by thi 
(*annot be said or considered to do or have done anytJ 
wards setthng which is the best steam fire engine/' 

It would no doubt be a matter of some difficulty 
explain the causes of Mr. Braidwood's marked ch 
opinion here adverted to, and his subsequent persistent 
age of one firm only, Xerj possibly, however, there 
tliis case, as we well know there have been in numerous 
mental departments, iniluences at work whieh led him 1 
with rhflcrent eyes to the public at large. Be tk 
may» it is verr certain that, whatever its merits or d 
Messrs. Braithwaite and Erictjson's engine was set a 
grounds wliieh were subsequently put forth as ad van 
respect of an engine by other makers; and we cannot 
ccrely regret tliat when a clrnnge occurred in Mr, Brai 
opinions, he did not at once allow those gentlemen a s 
opportunity of t^impeting for tlie business to which, in \ 
we can judge, they were justly entitled. Tlieir ^vt1^ 
(Fig, 4) IS thus adverted to:— 



SI 



Fio. 4,— The F*mt Smaic Fib» EjtGiini, Bjurrttwiiri ajtd S&icssqv^ 1818. 



Th« application of steam power to work a force pimipj arraoffing the 

engine, boiler, putiipi, etc., on wbeela, sa as to bo easily partublc, and 

thtis enable it ta be readily om ployed as a fire engine^ was first carried 

out in the year 1«29, by Mr. John BmithwEiitB, C.E., of Loadon, In 

thitf year he coiistniotei, at hia works in the New £oad, in ooajunotion 

with Mn Ericsson, an cnginnj of lO-horsc power, with two horizontal 

cylinders and punips ; each steam piaton, and that of the pump, boing both 

l^taohed to one rod. Tbe waste steam from the oylmdora was coaveyed 

|ihrough the tank containing tbe feed water by maana of two ooiled 

f thus giving tbo feed water a jjood temperature provioua to its 

^ pamp&d into tho boiler. Fig. 4 is an engraving of the engine 

kSLBde fh>m tbe drawings, \mder tbe superintendenco of Mr. Braithwulto 

IliimBelf, 0:9 were aU the engravings of hit engines* Ita weight ooraplete 

f iras 46 cwt., and it threw from So to 40 tons af water par ho«tr to a 

height of 90 feet, baring thrown wdL ovor a pole tbat height* DurLn^ 

its five bouifl^ working at tbo fire at the Argyll Booms, it ttirew wbIT 

, over the dome, and consumed 3 bushels of ookc, Thia enp^lne workod 

^ with the greatest sucGt'Ss at th(! firo at the Argyll Room?, at Cbarlos 

"' wi, Soho; at the bumio^ of the Engliab Opera House, and Myesra. 



Barclay's Brewery, besides many others of less magnitude ; d 
wbtch it rendered signal service in preventing the firo from axl 
For these gratuitous servico^, and the great outlay encouaterod 
Briithwaito, he recmved but little patronage and support fi 
general public j and from the inauranoc eompanies, who ntti 
benofilad to tbe czttrat of dame thousands of pounds by h^ tl 
he received tbe magnificent testimoaiali presented to his man, 
Sovereign ! 

Immediately after the iro at Messrs. Barclay's brewery, the 
was lent for several weeks to ba otnployed in pumping and start 
beer from the diffi; rent vats in the establishment; a duty it wt 
formed, having to bo kept at work day and night for one whole 
which it did without the sHghtoAt bitch throughout that period. 

During the fire at tbo Argyll Eooma, the cold was so sever* t 
manual engines quickly became frossn and u^dess: bat the I 
worked incessantly for flvs hoars without a hitch, throwing Itl 
clean over the dome of tbo building. ~ 

Mr. Young says, " In 1858 Messrs* Shimd and 
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with the crank, while a i co(md oonncctmg rod comtecta tho piaton of tho 
lower pump harrel with its throw of the crank. The Blido Talvo of the 
ateam cylinder is worked from eccentrics of the crank ehaft outaido th€ 
pumps, and the lower pump barrel is encloaod in a suction air Te8ael» 
fitted with a separate valvo if necessary, A fly-wheel on the crank 
shaft and a feed pump are placed near the boiler. The whole is sup- 
portod on a carriage conaisting of a suitable framing nmning on travelling 
wheels, and furnished with epringt} and lock in g carriage. In the centre 
of the hind axle is placed an upright boiler, the steam pump being 
situate Tertieaily between the front and hind axles, and behind the 
driver's seat. Beneath the scat is placed the hose reel, or a box for 
oontaining the boae and implements. 

The description here given is not such as to cnablo any very exact 
id«a to be formed of the engine : while the boiler, which ia certainly a 
point of the most vital importanoei is not described at all ; neither are 
there in this case any resiiltB given of the engine's performance. We 
find, however, that with the next engine, noticed as having been con- 
structed by Messrs. Shand and Mason in 18'59« very fair results M 
regards jets thrown are said to have been attained. Alter telling ua 
that in the year 1860 Mr, J. ShoUeton, of Dundalk, constructed ihd fint 
steam fire engine ever made in Ireland^ the author proceedsi — "In 
July, IS GO, a land ateam fire engine was for the first time used by the 
London Fire Engine Establi aliment in one of the back streets of Doctors' 
Commons. In point of * efficiency, aimpHcity, durability of parts, 
weighty and cost,' it was in no respect superior to Mr. Braithwaite's 
steam fire engine of 1829, while, in some respects, it was inferior to it. 
in a Report to the Committee the late Superintendent of the Brigade 
admitted that this engine 'required delicate handling;' and ao unsatia> 
factory upon the whole was its perfomianoe that at the end of ten 
montli it was withdrawn, and replaced by one of a different con- 
struction, bearing a closer resemblance to that of Mr. Braithwaite. 

It is leomt from the evidence of tho present Superintendent of the 
London Fire Engine Eatabli&hment that the weight of this first steam 
fire engine, with men, coals, and water, ready to run out, was 84 cwt. 
= 4 tons 4 cwt., and that it took three hones to draw it. 

The various steps in the process of steam fire engine nmnu- 
facture tliencefortli are most earefiilly noted, iiicludiiig the pro- 
duction of Mr. Eobertii'.H "Luey." the floating steam nre engine 
constructed by Messrs. Merryweather and Sons for the ware- 
house of the lyne Docks, from the designs of Mr* E. Ftekl, C.E., 
the *' Deluge " land .steam fire engine construet-ed in 1861 by the 
same firm from designs hf the same gentleman, three steam fire 
engines in the same year Tby Messrs. Shand k Mason, to run on 
the rails of the London and North Western Railway and 
numerous others, but which our space w\]l not permit us more 
particularly to notice in the present number. We subjoin 
engraving and particulars of the *' Beluge," and hope in our next 
to contirme our notice so as to enter into the discussion of some 
of the questions treated by the author. 

In 1861, Messrs. Merry weather and Sons constructod^ from the desigim 
of Mr. £. Fieldf C.E., their first land steam flro engine, the '^ DelugGr'* 
which was a perfect auccesa. This engine was of IlO-horse power ^ and 
had a single horizontal cylinder 9" diameter X 15" stroke, and a double 
scting horizontal pump 6|" diameter X 1^' stroke, worked direct off 
the piston rod of the steam cylinder, doing away with crank shaft, 
<srank, fly wheel, connecting rod, &c. 

Pig. 6 is an cngrai^g of the engine. 

This engine has thrown water through a noiKle of 14" diameter, 

1 20 feet orer a ohimncy, 140 feet in height, altogether 150 feet ; through 

C« nossle IJ" to a height of 167 feet; through a I J" nozzle to a height 

«f 170 feet ; through a 1^-' nozzle to a distance of 202 Ibet horizontally ; 

and through a 1^' nozzle 215 foet horizontally. 

(To A0 conttniud.) 



STEAM POWEE DOUBLED WITHOUT ADDITIONAL 
FUEL.— 18 THIS POSSIBLE? 

To ihtf Editor of " Thg CivU Mnginttr imd JLr§hittcl'9 Jmtmal" 

Aa pRoOttESs in the arts requires ua to adranee from empiricjil 
mid partial to rational and extenckd applications of science, 
oceasional reuurrence to first principles, if not always requisite, 
ia often indi.HjK'niiable- For lat^k of appealing to them, errors, 
.and oversights equal to errors, arc apt to become establisihed, 
1^ their real chajacter is not suapected and hardly believed 
wken pointed out. So it has ever been and will be. Referring 
to beet and rane suj^ar, a writer announces tliat the juice of the 
I cane eontains double the quantity of saccharine crystals ex- 
tracted from it — that quit* as much is lost in the primary 
jnunufactia-e as reaches the market. Passing by other eiamplc?* 
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of thonghtleiia wast€, the same may be said of a produet VMtljf 
more important to commerce and the world at lar^e than thii 
richest of saccharine plants — steam power. Of it the high- 
presBuro or non-condensing engine is the popular representative, 
and strange to say, tke fluid pontimely contain* double ike 
amount of power which tie best clais of such engines draw or 
ever can draw out of it. Hence, if operatives of the lat^t century 
are rightly eon.sidered dullards for wasting maU^rials, what in the 
next one may not be Buid of u» who, aft<?r evolving with costly 
apparatus the most valuable of motive agents, discharge it into 
ainka and sewers, or the air, with half \U jjowor in it — casting 
out as wortldcss dross that in wliich there ia not an atom of 
refuse or alloy. Expert and alert as we are in many things, we 
surely sluill not bo thought adt^ptf^ in economising that which 
gives value to o^erj material. 

But are there not engineers who deny that anything like so 
much juiwer is lost in waste steam? Yes, I think aQ with whom 
I have conversed emphatically dissent; and yet ibe fact ap|iears 
as clear to other mindsi ^a that they exist, and, furthermore, tha' 
the alleged amount, so far frora bemg an exaggeration, is large! 
under the truth. Doubtless the views of practical men *hoi]* 
command respect; but crucial tests and natural laws, not human] 
opiiiionn, are required hero. Trutli in too many things is obscure 
because not deemed worth the trouble of clearing up, but in a 
matter of such importance to advancing cinliisation as this \%, 
out^bt not to be left an hour in uncertainty, ^or need it be. 

The subjoined prop<38itions cover the whole ground, and w] 
follows them will, it i?* presumed, suffice for their demonstra-j 
tion :— 1. In aU eases there remains as muck power in t* 
discharge steam as it imparted to the piston, however great that 
may have been, 2, In most cases more |>ower, and in somo 
traaot double tfte power ^ may be obtained from it» 

As I wish to address others beside professional men, a pro» 
liminary observation or two will not be out of plax^o ; for.thouglij 
the subject is becoming an item of college education^ few 
look into it, and general ideas reach little beyond the external 
features and movements of an engine. There is ixq reason whj 
this should continue, nor will it, since whatever is uncertain 
al)out steam vanishes when thoroughly lo<.tkcd into, and every 
person of ordinary capacity can do that. Its properties are 
palpitblc and plastic as those of other bodies. It i^ weighed in 
the same scales, and its quantities ascertained by the samo 
measures as liquidi? and solids. A pound of it is a pound of 
water vaporised. The mode of using the measures is somewhat 
diflerent, but not less rigid and correct. One holding a cubic 
foot of water 1ms to be emptied and filled afresh till the number- 
is made out ; whereas with steam several feet are geuoralljr 
contained in the space of one, the number being indicated by 
pressure^bence pressure and quantity are complementa { 
explicatives of each other. As volume increases pressure 
mini she s, and vice versa, the quantity remaining the same. 'The 
smaller volume may comprise the larger : thus five cubic feet qC 
the pressure of 40 lbs. on the inch contain ten feet of 20 lbs., or 
twenty feet of 10 lbs., all three equivalentj? in cost, wcijyH 
quantity, and power. 

These remarks are introduced to enforce the imperfoetiF l^ 
knowledged truth that the power of steam \» increased onlj hj 
increasing its ouantity, just as more beat is obtained by con* 
suDiing more luel, more bght by turning on morB. gas* and as 
the force of a gun is increased by adding more powder to the 
charge. Hence, to double or treble the power of steam in I 
boiler, double or treble the quantity must be generated in it» 
tor there is no increasing the natural force of the fluid. 

As a source of meclianieal power the atmosphere is littk* 
thought of, and still less as the recipient of all forces^Natare* 
receiving and reacting reservoir. A perfectly elastic mediom, 
it .softens the eifocts of the mo.st violent, and responds totlu 
smallest. To say nothing of natural forces, of which, as in the 
case of wind, inconceivabfy minute fhictions only Imve been uiiA 
the steam ineessantly rising frora human applications of heat to 
water would, if condensed under pistons, yield a productive 
power equal to tho muscular energy of multipUed millioiM d 
men and horses, while we of the present age are responsible «* 
recklessly contributing vast additions to mo waste. I do liol 
allude to what ascends from domestic habitations and manufiws* 
turing processes, but to the volumes diseJmrged from 
engines by those whose profession it is to apply forijc. 
best nrooF of whose skill is to economise it, IVbat ii 
can bereafler be drawn from our employing the foit« ^ 
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laTolnme of water into 1,750 volumes of vapour, and 
ncglectLUg that which is erolTred by the shrinking back of the 
1,700 into one ? What, but that the fact was either not known 
OP orerlooked that the negative force in fluids is equal to the 
positive, 

Nesrlj all the world knows that a cyltnderfol of st4?am is dis- 
diarged fixjm a high-preffsure engine at eTery »troke of the 
piston, and that from the rapidity of the strokes and the high 
tcmperkture of the fluid, little J8 loi«t in passing through the 
^linder. Now, doe4 every piiiF of the escaping vapour contain 
or not an amount of power enual to that it im|wirtod to the 
pisUm; m other words doc« its shrinking back into water give out 
power equal to that which raised it out of water, and as rally as 
» Gdling weight gives Ijack that whieh raised it ? The answer 
Ims just been anticipated, for the question is nothing lens than 
mstL sppeal to the law which governs every form of force and everjr 
mode of application — the ftindamental law of action and reaction. 
Aeciording to it the two forces are absolutely and inevitJibly 
e^foal. It is impossible for one to be less than the other. They 
are simply t'oatraction» and expansions, equivalents to each 
other. To exempli ty : A high -pressure engine has a piston of 
tke area of 50 square inches, and is worked with steam, say of 
lOlba. to the inch, hence 50 X 60 = 3,000 lbs. ofsUam pressure. 
JScfw if the fluid, instead of being discharged, were condensed 
imder another piston, it would produce precisely the same 
ic«u]t ; thus, steam of 60 lb«, contain.^ four volumes of common 
Ctcam. and would dilate and fill a cylinder with a piston of 200 
inches area, both cyhndei*3 of one length ; henee its eondetisa- 
ticm woidd excite an atmatpksrie pressure of 200 x 15 — 3,000 
Ibe. So much for the first proposition. 

If the second be tbought to conflict witb the flrst it only 
sprpears so. A cylinderful of common stcom has no expmisive 
foroe or direct action on a piston, but is all that is required to pro- 
duce & Tacunm under one ; so that while the two forces ite 
theoretically equals the contracting one is practically the most 

EKiuctive. More poicer—lB lbs. on the inck more — if obtained 
eondennpff steam of two atmospheres and upwards than its 
ect action can give out, because the expanding force acts 
agaiiLst the atmosphere, and therefore loses (expends withont 
" rtum) 15 lbs. on Uie inch, wbile the contracting one, coinciding 
itli the pressure, gains that much. Hcnee engines working 
30 lbs. ,stcam, or a pressure of two atmospliercs, give out 
the force of one ; with 60 Ib.^;. steam the force '\?< that of 45 
of 90, that of 75 lbs., and so on. The term ** most eases '* 
in the proposition might be changed for ''all eases/' and tbe 
flome cases" scarcely needs a formal erposition. jIji engine 
piston of 50 inches area, and using 30 lbs. steam, has, of 
course, an available force of only 15 lbs. steam ; hence 50 X 16 
= 750 Uts, of Kt^*am prcssuie ; but the same steam condensed 
mider a piston of 100 mches area would yield double that amount 
in fttmuriplicric pressure ; it would be 100 x 15 = 1,500 lbs*. 

Perhaps it will be said this is no new discovery. Granted ; 
Init it is a great truth, nevertheless, and one kitkerto OTerlooked 
or not apprt*ciated. Adopt it and it will be foimd surpassingly 
more enectivc and profitable than the numerous wirc-drawiiigs 
of subordinate devices* 

What is the expense of thus saving waste steam ? As the 
force of a high -pressure engine is deemed to be worth much 
more than the fuel it costs, an equal additional amoimt should 
1w held cheap at the same price. Instead of that, however, it is 
oiflered as much cheaper as cold water i.s cheaper than coaJ. 
Tie expense consists in the application of that which may almost 
etwywnere be bad for notlung. To decline the advantage 
afl^red is to prefer partial results at a great cost to full rcffultM 
at a smaller one ; but when the superior productiveness of the 
shrinking over the swelling force oecomes generJly known, it 
viU scarcely be much longer neglected. With a separate con- 
denser, the judgment that consigned Newcomeii*s engine to 
detaetnde wUl have to be revised. 

To save steam power is to save tlmt which is more valimble 
t fi^in stiver or gold. To be carcfuJ of evolving and parsimonious 
ill expending it is a lirtue — to waste it, a cnme. Its eccmomy 
lai relation to the welfare of nations, and henceforth their rise 
and decline will be influenced by it. It has a direct bearing on 
m strbject of increasing anxiety with European statesmen, — the 
|KOcpectiTe exhaustion of British coal-fiekts. The cost of the 
vorld's steam power in coal is enormou.^* and is rapidly increas- 
To lose half the power in steam is to wa«te naif the fuel. 
save steam is to save coal; and to double the available 
er of steam is to save half the coal. 
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And yet 50 per cent, seems less than what ought to be sared. 
In the first part of this paper it is declared that steam contains 
more than double the power got out of its direct action ; and it 
may now be added tliat not more than one-third of it has been 
realised in either condensing or non-condensing engines. iW 
fact, no doubt incredible to many, Ls incontrovertible. (Se^^ 
Journal of ike Franklin Institute ior July, 1865.) 

Another point shows that, instead of anticipating the future 
making the most of our steam, we are lamentably in the re 
It is stat-ed that 90 per cent, of the heat is lost in waste steam, 
To common observation it would apnear never to be less, as the 
piston acts but as a momentary clieek to the fluid's passage 
from the boiler to the waste pipe. Of course every partia0 
dispersed carries ofl" power ; ana to save it every particle must 
be liquified witkin the engine, for the power and the vapour 
live and expire together. 

The mode proposed to utilise the whole force consists princi- 
paUy in adding im atmospheric cylinder to tlie steam cylinder, 
much larger than the latter as the tension of the steam naed 
above atmoK|}heric pressure, as in the specification and dra 
ings of Btnjamin Laurence's English patent for increasing the 
mechanical value of steam as a motive agent, dated March 17, 
1861. 3^aiL4fl EwBiJfK, 

Lftto U.B. Ooiamiwioaw of Pkt«^a 
New York. June 5, 1866. 
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ROOF OF CEY8TAL PALACE, SYDENHAM. 
{With an MHffrawinff,) 

In tliis Journal for April last a paper appeared upon Arched 
Eoofs. b}^ C. E. You \¥essely, containing, among others, a 
description in det^iil of the Sydenham Crystal Palace Eoof (s 
page 107 ante), accompanied hy an Uluj^tration (Plate 14} of tL 
roof of the centre transept. We now supply a plate of details 
of one rib of that roof, and would refer our readers to the descrip-l 
tion at page 107 of the April number, for particulars of these! 
details, m addition to the following references to the plate now 
giren: — 

{Effirmees to Tlate 25.) 

Fig, I. Detail of dUtwncQ stnits. 

Fig, 2. Detail of spriDging of main rib. 

Fig. 3. Sho«} for connucting banging rods from 6ft. porlins to 

intermediate rafttrs. 
Fig. 4. Shoe for connecting hanging rods from 3ft. porlins ta 

intETmedialc rafters. 
Fig. 5. Detail of diagonal bracing between ribs 2i feet sport 

A. Jtmetioa ring. 

B. Wnnight-iron hoops, tin. square, shrunk on hot. 
Fig« 6. General arrangement of connectioa of main rib with pur- 
lins, and of skylighL^Thew main ribs are arranged in 
pain 24 feet apart, and between each pair there is an 
interval of 72 feet. 

Fig. 7* Section of gutter and of intermediate rafter* 

CO. aaglo-iroas, 2in. by 2iii. by ^in., iin. rivets, 

x». Im. plate. 
Fig, 8. Detail of gutter at outlet, shewing outlet, bracket. 
Pig. 9, Betfti] of ornamontiil joint-cover at intersection of the 

diagonals with rodial struts. 
Fig. 10. Det(ul of ornamental joint*coT«r at intersection oi the 

diagonal! only. 
Fig, 11- Bctad of shoes for rib rsiler. 
Fig. 12. Sectional plan of ditto. 




WILUAMSPOET SUSPENSION HRIDGE. 

U.S. AMEEICA. 
By Alxbed p. Bolleb, C.E. 
Tins bridge eroases the Susquehanna EiTer at the foot of 
Market street in the abore eity, and at a point where the rirer 
is nearly 1000 feet wide. It was thrown open for tmrel 
during the beginning of last December, replacing ^^ former 
wooden bridge which was entirely swept away by the great 
flood of the previous March. The whole bridge cost less than 
40,000 doU,, and its constmction occupied alS^iit four months. 
The cables supporting the structure festoon the river, as it were,, 
in ^"^e Bpana. each 200 feet in length, the intermediate towers 
resting npon the masonry of the former piers. The general plan 
of bridgo is known as the *' Murphy Military 9uap©nsi0D 
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Bridge/' embcklymg some marked improrements and advantogeR 
which will appear further on. 

The CalUg, having a L*ommon vtTsed sine of 20 feet» consist 
of ^Yc wire ropes Tor each side, of an inch and a quarter 
diameter, and are continuous from anchoraj?e to anchorage. 
Thej were hauled over from one side of the river to tlie other 
by means of a trindlass?, and raised to their positional on the 
towers by ordinary block and tackle, Tlie whole ten were 
stretched over the river and adjusted to place in Httlc less than 
a week's time. The ends of the cables are secured in forged 
wrought iron thimbles, the wires being fra;yed out by means of 
tightly driven sprags, the interstices remaining being filled with 
lead poured in, and well hammered. The thimbles are con- 
nected with the turn-buckles, which are 18 inches long, by 
means of forged inch and lliree -quarter bolts, with eyes on one 
end, and swivel-heads at the other. The tum-bucklcs screw 
upon 2 inch rods, which pass entirely through the masonry. 

The Anchor Masonry is below the line of cables and above 
the foundation proper* a trapezium in form* 15 feet long in the 
line of slope, the iront face lieing 8 feet 3 inches high, and the 
back 3 feet 8 inches. Upon this slope the anchor irons* con- 
sisting of five 2 inch roA, were laid, and solid masonry 3 feet 
high built upon tliem. The uniform width of the anchorage is 
8 feet. The whole masonry is built of heavy flagging stones* 
6 inches thick and upwards, and is thoroughlv grouted from top 
to bottom. Each anchoring mass contains tnirtr-six perches of 
masonry. The pressure is distributed over the masonry by 
means of four vertical 7 inch Phoenix beams, against which and 
at their centre two parallel and horizontal 9 mch beams bear, 
separated enough to let the ends of the 2 inch rods pass between, 
and cast iron washers, for the nut to be screwed up against, 
complete the fastening. 

The Towers, 27 feet high, supporting the cables, are in the 
form of a frustrum of a pyramia. battering at the rate of one 
inch to tlie foc»t> They are built of white pine 12 x 12 posts, 
mortised at their base into sills 12 x 14 resting upon the tops of 
the piers and abutments, which sills are connected at proper 
intervals by ties mortised into them. The hollow spaces 
between the sills and ties are filled in with cement masoDTy. 
These sills are continuous, i.e. each pair of towers is framed into 
the same set of sills. The legs of the towers are stiffened by 
having ties mortised into them and pinned with r«ik pins. The 
caps are mortised into the tops of tJbe posts, tlie sbouldors of the 
mortise being made square with them. Ee sting upou these caps 
are the saddles, also of wlute pine, in three pieces ; the centre 
one of wluch (10 inches deep) is bolted into each cap by one inch 
bolts. Each pair of towers are united together at tno top by 
means of a 10 x 12 tic beam^ bolted to the under side of the 
caps by means of the same bolts that secure the centre saddle 
pieces. An inch and a half bolt passes through each pair of 
caps for attaclung the truss rods to. 

The Roadway is 18 feet wide in the clear, and ia attaehed to 
the cables by means of white pine posts, 7 inches square, hung 
together, in pairi?, with an inch space between them for the 
truss rods to pass through. These suspenders ore so arranged 
as to divide each span into ton panels, all of which are 20 feet 
from centre to een&e. These suspenders have a shghtly greater 
batter than the legs of the towers, so as to slope towards the chord 
line of the cables when freely suspended. The cables arc spread 
in passing over the t^jwers, tut cluster at the suspension posts, 
passing between them, and bear against oak saddJos sunk into 
cbps in the posts, and an inch bolt passing through both posts 
and saddles completes the attachment. Sine lEimes from their 
lower endsy the posts are clasped by two floor beams, 6 x 14 
each, bolted to them, and rmmmg far enough past the posts to 
support foot -walks on either aide. These Soor-boams support 
the stringers. 

The outside strincers arc packed chords, bolted to the fluor- 
beams, and are packed in two pieces breaking Joint, each piece 
being 5 X 12 inches scantling. There ia one joint for each 
panel, which joint is always over a floor-beam. The three 
inch plank that composes the flooring is laid upon these string- 
ers and spiked to them. The tway or lateral bracing is formed 
of li inch rods in four pieces to each j>anol. starting from the 
upper series of bolts that fasten tlic floor beams and the posts 
together, to which they are attaciied by means of an eye, and 
tlwough which the above described liolta paas. At the point 
where the? would intersect they are cut ofl; passing into a ring 
of half-inch flat iron, against which the ends are screwed up and 



adjusted. The iruts rode pass between the pairs o( 

sion posts, and are all of one inch round iron. For throe \ 
each way from the towers, the t<:>ps and bottoms of the su^ 
sion posts are connected directly with the bases and i 
towers. The rods of the last panels (those that incline 
wards) are secured to the bottoms of towers on their o 
sides ; in other words, they pass through the neareiit le| 
the towers, and are screwed up against the legs on the fins 
side. They thus act as an additional tie and ^tifiener for 
bases of the towers. The ends of the truss rods are screwcs 
against oak blocks, bearing against the floor-beams and the. 
of the suspension posts. In order tc» allow for the stretchiii 
the cables, a camber of 12 inches for each span was frtimed ' 
the bridge, and adds very much to the general appearance.! 
is intended eventually to put the fo<jt-walk on> to pass thjtl 
the towers and provided lor in eonstniction in the eIongati<( 
the floor-beams. The railing T^-iE be a substantial Howe t| 
4 feet high. At present the bridge is subjected to a b4 
amount of trafSc, such as stone, lumber, cattle, etc., and it d 
evidence to a surprising degree of stifliiess due entirely tQ 
peculiar system of trussing, in making the vertical:? adfi 
thrust, and the diagonals by tension. This general arraa 
ment for suspension bridges was firiit practised by Mr. ^ 
Murphy, C.E., over the Gauley, in West Virginia, and alia 
Franklin, Pennsylvania. But he used his diagonals to aj 
each panel seiiarately, instead of tmssing panels by fitt<adaJ 
the diagonals to fixed points, as is the case m the above- dcj^CTil 
bridge, where the diagonals are secured to the to were iorj 
panels out of ten in each span. Without the aid of the tnul 
railing, the cflect of a heavy team passing over the hri%i' 41 
Ixardly be felt until it strikes the span that we may be i?tandf 
on, further than the slight tremor inseparable from ^ bri( 
superstructure, especially those of the suspension class. Wi| 
out considerable modifications, the above constntcti<m 
suspension bridges is inappHcable to spans muc 
feet . — Fra n k lin Jo umal. 
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^€w Arrangement of Bar Fi>f.— At a recent meetin 
Franklin Institute of Pluladelphia, a new arrangement of 
jaw or bar vice, the invention of Mr. Linus Yale, was dci 
Tliis tool is designed to obviate a difliculty existing in sll c 
nary vices, the jaws of which are moved ny a screw, m. : 
time lost in opening and closing the jaws by the todioue pi 
of turning Uie screw. In some kinds of work, such, for inn 
as the manufacture of locks, the case of the lock requires to' 
held edgeways, and then flatways. This neeessitatcA thejil 
being openedf through considerable distance, and then ck»ci 
each change is made in the way of holding, Mr. Yalet, 
noticing his workmen at this kind of work, found that 12] 
cent, of their time was spent in screwing and unscrewing 1 
vice. This instrument has a nut and screw with the mi^ 
usual, but the nut is not always attaciied to the bed or statioi<| 
jaw of the vice. To this jaw, in the under part of the guidi 
a rack with ratchet teeth. The nut is square, and has teetS 
its under side corresponding to tlu' teeth in the rack. The| 
when screwed to the back end of the bar, rides up an indi 
plane, which so elevates it above the rack, that \U teeth cs^ 
engage therein , In this position the moveable jaw <;an be pia 
ba^k and forth, t . «?,, opened or closed rapidly by hxmd will 
turning the screw. Plaeing a piece of work in the vice. mJi 
instance, a piece of wood about three-eighths of an inch to! 
the jaw can be pushed quickly up to it, and then one tuii 
the screw draws down the nut into the rack teeth, and a pi 
a turn will secure tlic work as firmly as if screwied in azt i 
nary vice. The same amount of back turns of the screw ft 
it, and then the jaws can be opened wide to receive thr 
edgeways. With about three inches open, one turn wiH < 
fasten it. The vice can be used as an ordinary vice, by t 
ing out the moveable jaw to any required distance, an4 I 
screwing it aU the way home. It wdl, within the rangt ' 
referred to, act as if the nut was fast to the stationary jair 1 
rack in this vice is not ngid. It has a sprmg back of rtj 
arranged as to allow one-eighth inch end motion. This fflJ 
the workman, when filing to a template, to adjust hiK worl 
the template with ashght pressure of the jaws, the iiku'I 
jaw being elastic, as it were. It can be puUed bm 
sixteenth of an inch, yet the w^ork is heldffirm enou: n 

Workmen will appreciate this ; for they are aware 
rigid vice the work must be either very jflit or ?a * 
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ST. AA^BKEWS COLLEGE, BBAPFIELD. 

( With ErtfftaviNffM,) 

Brad FIELD, II riUage a few miJcs sotitli of Pangboumo, on tlit* 
Grreat Western Hail way, and situak' amon^ some of the most 
(It'Nghtfiil 8cent»ry of BerltHliiro, is capeiually wortJiy of the visit 
of the archit^otural touris^t* on at't^oiint of its quaint old parish 
church, and the college which almost adjoins it. The lattiT 
subject h illuHtrated to some extent hy tbe accompanying view 
and plan. The original ** eoUe^e " (whieh is a eomparatirely 
modem institution) existed in the building about the eentre of 
the plan, and was of a homely charaeter. By det^rtH^s, howevert as 
the iii.stitutiou flourished tinder !li<* onerj^^etic manajronient of its 
warden, other portions were sueccs«ively added, fr<»m Die designs 
and under the jjeueral Buperinteadenee of Mr. G* Gilbert Scott ; 
further works are yet contemplated, as indicated bi the view. 
Of the more important additions may be mentioned the lartce 
*' dining? hall," which, with its open timber roof, haH q\iite a 
mediaeval aspect ; several nmaters' rooms j an extensive win^, 
and other ixjrtioni^ executed in Imlf'timber work ; and a '* sana- 
torium/' detached trom the other buildings, the walls of which 
are of red brickwork, with black -header pat terns. It is now 
propnsed to coroplet^P an extensive quadrajif^le by the erection 
of a large achoobroom and class-rcxims.witba aeries of** studies." 
At one anple of this plan will be a" library/' constructed in half- 
timber work, with rich bnrj^e boiirtls, the design of which is 
bo.'^ed on that of the old town-balls of the west ot England, The 
lower pnrt will be open, so as to serve for shelter when required. 
The roof of this, as well as of the other ad^^litions, will be covered 
with tilea. 



PUBLIC MONUMENTS IK BELGimi. 

Trk Belgium authorities exhibit great regard for their public 
works of art and monuments. A central commission is entrusted 
with their keeping and al*J0 with the wnsideration of all 
questions, theoretical as well as practical, touching their pre- 
servation. The report of the proceedings of this commission, 
embracing rather more than twelvemoiiths' labour, has recently 
appeared, and deserves att<»ution. 

It appears that the commission has more tlian twelve hundred 
■ubjects before them; that the ^njject for the restoration of 
pubUe works presented to them included nearly two hundred ; 
and that the works undertaken in consequence absorbed nearly 
£'12O,nO0. In addition to this the commission had to examine 
more than two hundred other pnijeets for new buildings, and a 
still larger sum was ex|)endetf on that account. The funds to 
meet these expenses were contributed partly by the Government 
and partly by local authorities. 

The report refers to the efforts made by the eommission to 
clear away all buildings abutting on churches, an a precautionary 
measure, as weO as in the inten'st oi^ art. It was found on 
inspection that the inhabitants were in the hain't of cutting away 
buttresses, undermining wails, and injuring foundations by the 
ginking of wells - 

Under the hcml of the decoration of religious edifices the 
report mentions the diacoveiy in many churches of old mural 
paint LUgfl, covt-red up for long ^ears boTieiith eoats of paint or 
whitewash. Extensive decorations are proposed to be executed 
in old buildings ; and amongst others the church of St. Jacques- 
siir-Caud(Miberg is to be commenced next year. Amongst other 
us*'ful services done or proposed to be done, are the cn^ation of 
a special atelier, under the auspices of the Government, for the 
restoration of ancient paintings, the fonnntion of a completi^ 
catalogue of the works of art existing in public buildings, and 
tlie repair of the old gates of the towTi of Antwerp. 

An interesting j>ortion of the report is that winch records the 
dJjtcii^sion by the members of the comminMion of seveml 
important questions submitted to it liy provincial committees in 
communii'at.ion ^ith the central body. The Committee of 
Brabant proposed, first, that every artist submitting a plan for 
the restoration of a public monument should be required at the 
same time to turnish a memoir in support of his proj>osal ; and 
necomlly, that in the case of now buildings the commission 
hould confine itself solely to the consideration of the estimates 
jid the solidity of the coustniction. leaving the entire responsi- 

rility, in an artistic point of view, with the 1111181 himself. It i« 

not aurpriaing that tne novelty ^f thr propoBitions should have 



met with considerable opposition, and that the opinion of tho 
ninjori ty was averse to both 5 it being argued against the latter 
that the commission^ in renouncing all control over the estbetio 
vulue of the plan submitted to it. would be giving up its most 
important prerogative. It should be mentioned that the com- 
mission is only empowered to discuss the subjects submitted to 
itt the decision being left to the Government. 

Anotlier proposition wan that a series of general instructions 
shouhl be dra^ni up on the resiorntion and preservation of public 
monuments, and transmitted to all the administrations cmrged 
with such duties. This subject was discussed at length. One 
member considered that the reproduction of the very comj^lete 
instructions published in France by the Committee of M<>nu- 
meats would be all sufficient. In opposition to this it was argued 
that Belgium was in a peculiar arctiaMdogical position; that she 
was, as it were, at the confluence of various styles, and the 
restoration of many of her monuments woidd present many 
points which had not been provided for in the French instrxu-- 
tions ; that many excellent architects were not arcbceologists ; 
and it would be useful therefore to estabhah certain general 
rnJes tor the restoration of Dionuments in different styles ; the 
architect wlio planned a new building should be letl abaolutely 
free, but it was not so when the restoration of an ancient 
monument was in question ; \n such a case his duty was to con- 
form rigorously to the idea of the author of the work. The 
opponents of the proposition argued that architects were already 
far too much trammelled, and that, with the exceiition of the 
TLUiterial parts of the construction, no general rules could be 
laid douTi. The only usetul instructions would be such as were 
given to the architect in each individual case. On the, other 
hand it was urged that the intention of the proposal was not to 
interfere with the independence of architects. The instTuctions 
w'ouhl not be for them alone but for IocaI ndmini strati ons, for 
ecclesiastical rtuthoriliea. and for all (hose who are occupied, 
directly or indirectly, !> ith the preservation and restoration of 
public monuuK^nts. 

A proposal was made for the establishment of a central school 
of architecture at Brussels, but it was opposed upon the ground 
that wm^h a measure would tend to diminish the attention paid to 
architecture in the academies, and to centralijEc the studj^ Other 
members of the commission, on the contrary, agreed with wliat 
iiad rccc*ntly been done in France on this head, and supported 
the proposition as tending to strengthen architectural teaching, 
which in the academies was very incomplete. 

v3everul questions set down for discussion on the programme of 
t]w commission itself were of general interest. Tiie first was: — 
"\Mietber. in order to preserve arclueologicni traditions in all their 
juirity. a distinction should be drawn in certain eases between 
ancient monuments and additions which have been made to them 
at various times. It was stated, in a memorandum attached to 
the question, that the new portion.s of buildings erected in past 
ages, were distinguished from the older parts, in consequence of 
the general practice of completing an eclifiee in tlu* style in use 
at the time of such additions, without consideration of the original 
style of the building. This statement was contested, and instances 
were quoted in which the new portions of ancient buildings had 
been built in the Myh* of the original epoch. The result of the 
discussion was to draw forth an a<imission that the statement 
appended to the question had been couched in terms tooabsolute» 
and that certainly if. in past times, areliitects entrusted with the 
completion or extension of buildings conformed to the original 
style, .such practice was quite exceptional ; in far the greater 
number of cases, tho new constructor took no heed of the older 
piirts. 

Another question set down for e-onaideratiou was — In what 
case may an artist, in decorating a mediuDval edifice, either by 
painting or sculpture, give to his figures costumes diflering from 
those of the epoch to which the edifice belonged? It was 
asserted, on the one hand, that the figures might be dressed in 
the costumes whieh they really wore ; and, on the other that 
the costumes should be tliose of the time of the erection of tho 
edifice, no matter when the persons represented may have lived. 
The commission . however, adopted the following view of the 
case : — That there were distinctions to l)e mntle as to the course* 
tx> be taken, which could not be stated in absolute terms; when 
the work to be done was the addition of new to ancient statues, 
ill order lo conqdi-te the sculptural decoration of an edifice, it 
was the duty ot the artist to reproduce even the anachronisms 
committed by the ancient artists, bat that in the case of edifice's 
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having no seulpturo, or of new biiiUlin^a. tlie costvimoR riflopttHl 
akould bo thiiHf of the time in whieli tltf perHona^os Iwod. 

The fourth question set down for eonsidemtion had refereuc-o 
to the duty of the Guvernment as ri-gards the prescnatioii nf 
private houHOs prt\seutirig a puhlie interest, either m an artistie 
or historical pcint of view ; but as ihe Belt^iaii Govei-nntent hud 
already taken the initiative in thin in utter, tlie subjeet was 
ikllowed to drop. 

The remaining question vrnn whether an architect entnistod 
with the restoration of a building shouhi be specially n^mime- 
rated for drawings of the building in its fomier cotidition. in 
order that the State miglit bec*)nie possessed of HUi h dniwirjgs, 
which might be engraved and puolitihed on a uniform plan. 
This iotereHting subject was, howev(*r, adjourned to next year. 

The discussion of subjectB touehing ho intimately the pre- 
servation of the edifices? and works of art of pa.nt age.s shows 
how lively is the archaeological sentiment in Belgium. 



THE NEW GRAND OPEEA HOFSE, PARIS. 

Th» works of the new opera are proceeding .sufliciently rapidly 
for the proposed inauguration, on hew Year s Day, 1SH9. The 
sum said to be devoted to the purpO!*e ia one million sterling, of 
which tliree-tifths, if not more, have already been expended. It 
would perLapH bt* a littk^ ha;?ardous to say that there will not be 
required a certain po^teript to the estimat<»3. The employment 
of the twenty-live millions of francs w thus apportioned: — For 
iron work, two miOioQs; marble, eight millions; seulpture, and 
other workii of art, fii'teen millioiis. Of course this ia but a rough 
division, 

Tht* paintings in the Interior are to be entrusted to MM.Baudry, 
Boidauger, Barria^, Delaunay, G^T^me, and Pils. It is naid that 
the designs for these internal deeorntions, whieh have been sub- 
mitted to the judgment of M, Gamier, the architect of the work, 
amomit to several thousands in niunber. 

The list of the statues and busts wliich are to decorate the ex- 
terior of the buikbng and the vestibule is published olliciallj. 
On the priiicipal facade will be medalli<»ns f»f l!ic t*oinpt>iserH, 
Cimarosa, Pcrgolesi, Bach, and Haydn. In the grand vestibule 
four seated statues of the four elxiefs of the schools of Italy, 
France, Germany, and England — ^LulH, Rameitu, Gluck, and 
Handel. 

In the seven trifs de hrtvf, or small circular windows, are to be 
teven bronze busts, pilt; the centre will be that of Mozart, bom 
1756, and those of the other composers wiJl be placed on each 
hand according to the dates of their birtli ; thus to the right of 
Mozart wiB be Beethoven, born 1770; Auber, 1782; and Eossini, 
1792 J and on the lett 8pontini. 1771; Meyerbeer, 17lJi: and 
Hftlevy, 1799. On the return of the fa<*ade\iusts of two libret- 
tiatii — Quinault and Scribe. On the two lateral fa^'ades are to 
be phieed twenty-four busts in ehronohigieal order. On one 
side IMontcv'crd<\ Dumnte. »JonielJi, Monsigny, Gretry, Snechinii 
Lesueur, BeHon, Boieklieu, Hcrold, Donizetti, and Verdi; on 
the other Camhert, Campra, Jean Jacques Rousgeau, Pliilidor, 
Piecini, Parsit llo, Clierubini, MehuK Nicolo, Weber, Bellini, 
and Adara. In one of the foyer.s are to lie placed busts of cele- 
brated arehitcets, or others connected with opera. 

Among the Hculptors eniploved are M. Carpeaux, w hose fronton 
ioT the Pavin on de Flora o( i\w Tuilericii has attracted so much 
well-deserved admiration. 

ReapectLng the deeoration of the interior, it is reported that 
M. Meisaonnier has made proposals for departing from his nuero- 
graphic style and exeeuting colossal works on ithe walls of the 
salon in the rear of the Emperor's box. 

The following are the dimension!* of the new opera house. 
The stage is in all more than 165 f(*et in height, the space being 
divided equal between the stage jiropcr and the spac(\«« below 
and above, giving 65 feet to eaeh. The stage will hv nearlv 
170 feet wide and about II ■* deep. The principal boxes wifl 
have behind each an anti^chamber three times the size of the 
box ititelf ^ and the passagen l>ehind the boxes will be 2C» feet 
wide. The immense importance of wide passages in theatres 
and all large public bniltlings, not only with respect to eomtbrt 
and ventilation » but also as means ot escape in case of fire or 
panic of any kind, cannot be too often insi.sted on. No one who 
eontempisiie?i building a new theatre, espceially for popular 
cnt^rt&inmeuts, should faU to visit the new CliAtelet Thcjitre in 
Ai^sj ike tmsm ges and lobbica of thk beautiful theatre are 



larg(» enough to drive a brougham aJong, and even in partH 
turn it round, and the .^tairtrases are in keeping witli tljesol 
mugnilkent proportions. Another feature deserving attentioal 
J} the sanu* buihling is the line public foyer, or saloon, with ittl 
terrace ovrrltX}king the Place du ChAtelet and the iSeine. Thai 
plans of the new opt'ra-houisc holdout the expectation tliatial 
the matter of entrances, public and s]iecial staircases, vestibules, I 
lobbies and corridors, the new theatre will sur|iass any now inl 
existcnc«". The Emperor \s entrance has a covered arcade, sol 
that (he Imperial ejirriages may aet down under ahelier, in fioi 
alniosl within the house itiself. 
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THE BIBKENHEAI) DOCKWOBKS. 

The Birkenhead Docks are constructed in a creek of the 
Mer,se3', formerly known as Wallasey Ptxil, and the first act of 
Parhainenf authorising their constrnetion was obtained in 1844, 
on plans prepared by th«* late eminent engineer. Mr. J, M.i 
HcmdeL By an agreement made in 1H55, afterwards confirmed! 
by acts of Parlianu'Ut, the original projcctorg transferred tho' 
propert^^ to the Corporation of Liveqxjol, who 8ubsei[uenlly 
vested it in the Mersey Doeks and Harbour Board, and thene<w 
forih it became incor]>orated with the great estate under the 
control and management of that body. At the time the board 
beeame jKJSJvessed of the property not mneh progress had been 
made in the development of the works, for the total area of 
water spaee ihvn opened and in use amounted to little moro 
than about seven aert^s. One of the most important features 
this great system is that of the large dock called the Grc 
Float, baring an area of 112 acres, a length of IJ mile, and 
quayage to the extent of four miles. This is sub-divided into 
tiie east and we*it floats by a passage 100 feet in width, crossed 
by an iron swing-bridge. Branching from the west float on it» 
southern side are two basins attached to the extensive engi* 
neering establishment of Messrs. Peto, Belts, and Co,, and t 
copper ore works belong to Messrs, Logan and Co. On thi 
same side arc two graving doeks, each 75U feet in length, having 
aci'onimodation and appliances for repairing ships of the largei^ 
class ; coal yards, aud coal hoists worked by hydraiili«»J 
machinery, and coal tips for barges are placed on the margin 
the South Quay ; also a powerful crane, capable of bl\in^ 
60 tons. A basin and landing slip for the tUscharge of timber ii! 

Provided on the south side. On the southern side of the eMi 
oat the establishment for the testing of cluiin cables and' 
aTiebors forms an important feature. Two macliJnes cjipable of] 
testing up to :J<X} and 2<10 totis respectively, have been at work 
here since ApriL 18G3, and additional macainea sperially auiti''* 
for the testiu^f of anchors, and for cxpe^rimental work, are a' 
to be supplied. The establishment occupies a largo area, ant 

{Kisses see railway conveniem^'s, water frontage, and piwerful^ 
lydraulic crane accommodation of the most complete descriptir 
Tlu' tfstiiig niacin ncs are worked by hydniuhe |)ovver, ancfhi 
been fittctl up by Mrssrs. .Sir Wni/G. Armstrong & Co., in 
bivst manner, and with the hitc*st and most improved appliimtfec. 
Three large stacks of warehonsse for general merchandise, and 
a eapacious closed shed for the storage and protection of goodib^ 
stand on the south quay of tlie east tloat, also the goods static 
of the Birkenhead and Chester It ail way Company, with ii 
extensive wanr-lionse and shed accommodation. On t!ie nortJi^ 
side, a range of ipiay space 2,50 teet in width, bounded by 
wide marginal road, extends the whole length of the float-i 
t^^pecial aect^mmotlntion for the corn trade is being provided oa 
the north quay of the east float, in the formation of a canal dock, 
ami by the eonstmction of four extensive piJes ofwarehousea 
stories high. The copper ore works of McHsrf). Todd, Nayl< 
Si Co,, are situated at the western extremity of the north qtiar, 
and doubt h^ss other establishments of a similar charaeter wdl 
arise, A line <.>f railway in comicction with the main syst^ma of 
the country Im versus the quays aurrounthng the doeks. 

The river frontage of these docks is nearly one mile in lengtik, 
and the openings whieh give aceess to the syatem are of tho 
most complete ebaraeter. Of these the most importimt are the 
great nortbem enlmnces completed and opened in June list. 
They comprise an outer basin or embayment of 4 J acrt?s urea, 
opening from the river, and leading to a hx*k 350 feet in le , 
and 100 feet in width ; and two lesser loeka of 50 feet and 
feet in width respeetively. These entrances oommunicati> with 
dock 8i acres area, named ** The Allred 



THE (;1V]L ENGINHER AND ARCHITECT'S JOURNAL. 



219 



lib tli(* Grfiii Float by pns«apeB and locks of similar 
ito those of the oiitvr t^ntranivft just dt-scribod, Jruti 
■idges, with doiihk' rouds an J raihvays, tToss the? inuor 
PS, and a complf/lr systnn of hydniulitf mafhiiipry is 
for opeijinis' mul shulliiif; the doek ^ates and bridp:eg, 
n^ tht' sluicing fippumtus, and for working the capstans 
iock quays. The siJlw of tlu'se entrances arc kid siif- 
r low to admit of the reception of the largest claas of 
fdurin^ ail tides in the year. The masonry is for the 
itrt of granite from tlie quarries in Scotland belon^inj? to 
ftck board, supplemented by ashlar from the Pt^nryn 
If in CornwalL As specimens of masonry, they are of tne 

Sibstantial description. The ehanicter of work is that 
ly iiilrodoeed by the late enirineers Messrs. Jesse and 
Bernard Hartby, and ban bei'n continued hj Mr, George 
m Ly^ter, the present cn^neer to the estate, 
■ntrance to tbi* Great Float, on the Koutheni raarpin of 
|fete, was thi-ougb the Morpeth niid Et;erton Dockn, two 
iiDek of about seven ncrcn, constructed by the former pro* 
fs, which funned the sole amount of doik aceommodation at 
lliead when the property passed into the hands of the 

t Board. The outer of these two dock^. the Morpeth 
now eh:»sed for alterations; and the K^^erton Dock is 
pirily mviipied by the London and North-western and 
Sf^'eatern Railway Companies. The Xew Morpeth Lock 
psbed work, 4011' feet in leni^tb and 85 feet in width, and 
idd necessity arise, be used as a graving dock. An 
nent of tlie Mor]3eth Doek has been part ly completed, 
_p a short time, in eomieetion with the Morw'th IjOck, t\ as 
Ikd in use. It was this doek winch received her Majesty's 
;ineourt, for the purpose of bcimr tit ted out after she was 
d from the builaing yard of Messrs, Laird, at Birkeii- 

rreftt Low- water Basin, whicli is about to be converted 

ret dock, oecupie« a position nearly midway of the river 

» of fill* estate ; and tlie land to tbt^ southward, called the 

ieserve, to the amoimt of UO.OOC) superlirial yards, is 

lt*ase by the London and xs^ortli- western and Great 

Kail way L'< mi panics for stfitions, on which it is eontem- 

► construct eanels. sb^ds and warehouse aceommodation, 

►the earr\in^ou of the important tra 111 c which is being 

f developed. The North reserve is another large area of 

•lug towards Seacombe, and iti covered on its shore margin 

■hipbrnlding yarda of the most extensive and convuutent 

Eiion. 

Itotal area of the Birkenhead estate is 497 acres, of which 
k?** 19 water Hpaee, with nine raiJes of tpiajage, the remain- 
liBg appropriated to quays, wandiouses, sheds, business 
find roads. The ex|)erulilnre by the Mersey Board since 
forporatiofLin 1H58. of the property with that of tlie Liver- 
|tatc, has lichen about £5*0<K1,000, wfdcb is evidence sutlicient 
rnergy and perseveraTice, as well as tlie wealth and dis- 
, of tlie board to accomplish the importa^nt task confided 

_iverpo«>l docks are so well known that it is unnecessary 
ribe them. From 1709, when the first Dock act was ob- 
|t<i the present time, they have increased from a snjall and^ 
Qt dock of four acres, formerly occupying the ^ite of 
; Custom House, to the vast range of accommodation 

, length now created on the river. Tbe^ cover an area 

I acres, having 255 acres of water space, with 1 8 miles of 
During this onward course of a century and a half Liver- 
y advanced from a small town of no great importance to 
ntion of the first port in the kingdom. The expansion of 
ik» north and south has been tollowed by a corresponding 
\ and development of Liverpool, as well as given rise and 
' aj to other towns in a wide circuit. 



SCFLPTITRE IN WESTMO'STEJl ABBEY. 

By Pkofkssou Westmacott, B,A. 

^viewing the sculpture in Westminster Abbey, it will be 
I that the first reran rks should be directed to that par- 
phase of the art, the Gothic, which is found in connection 
IP older style of architecture of which the building i>* so 
I example. Though this sacred edifice ban, for many 
he resting-place and the receptacle 



the monuments of some of the most remarkable historical person- 
ages who have illu 'ft rated the annals of England, and tliereby 
has claims to the attention of all who take pride in reficctiiig on 
the greatness tind glory of our ccmntry, yet the interest 01 the 
intelligent visitor is chiefivand primanly dra^m to those remain* 
which i-an be assoeiatecf with the earlier foundation. At a 
subsequent stage of our remarks, the scidpture of the later 
periods will be considered with relation to the state of art at 
their respective dates ; but it is to the Gothic sculpture that 
attention wiU be directed in the first instaue*.* ; audit will be 
right to show how tins is to be judged and estimated. 

The Bciilpture of the true Gothic period of architecture in this 
countr3% dating, that is, from the thirteenth century, and lasting 
till the middle of the sixteenth century of onrera, is rem.irkable 
ffir a ebaraeter exclusively its own. Generally speaking it 
exliibits, — like all the attempts at art by inexperieiic^*d work- 
men, — extreme rudeness in its execution; a disregard of rides of 
art, in proportion and anatomy, and, for the most part want 
of beauty. The earliest attempts in sculpture, only a few 
centuries old, cannot, however, be platx-d in the same interesting' 
category with the extremely archaic monuments of Assyria, 
Egypt, Greece, Etruria, Asia Minor, and other ancient nations, 
dating, it may be said, thousands of years since. Neither as 
monuments of fine art cjiu Gothic works be allowed to takerauk 
in illuh:troting the history of sculpture (proper) ; seeing that 
they throw no light whatever on the progress of imitative art, 
as a means of expressing ideas or sentiment by beautiful forms, 
Gothic sculpture never, at any time, achieved a development 
that placed it in the same high position that liad In^en attained 
b}-^ the great schools of the art ; for, though it had fallen into 
neglect and disuse, it must be remembered that sculpture liad 
been brought to the highest state of perfection sixteen or seven- 
teen hundred years bctbre the so-called Gtithic school had any 
existence. 

Assuming the essential conditions of fine and good sculpture 
to be refined exjiression, perfection of tbrm and of physical 
beauty in all its pnrt.s, truth to nature in her boundless variety, 
and what is understood as.*/v'€' in treatment, with fine execution,, 
it must lie admitted, even by its warmest admirers, that Gothic 
or MedicTval sculpture must always occupy in these respect^s an 
inferior position. Any interest it possesses,-— and this is very 
gre'at,— must then be sought for in qualities quit*^ distinct from 
that wldch attaches, in the first place, to primitive works, of 
remote antiquity^, or in the next, that is accorded t<» the 
exeellenei* oi the art exhibitxxl ; for it has, in fact, neither of 
these recommendations. That Gothic sculpture must be judged 
as an art ^li fjm^rls, and not by the standard of progress and 
development, like other fine art, is seen in the curious fact of 
it« maintaining, like the Egyptian and other prescriptive 
sculpture, its own marked and characteristic idiosyncracy as 
Goihiv, 80 truly is this the ease that it is remarkable that, in 
modem imitations of Gothic architecture, this peculiarity of a 
school of sculpture is always more or less attempted, as a 
tnm* quA tit^ti (\f character, though the prtJgress of art and the 
advanced knowledge of the propi'rties wliieli conistitTite excellence 
must make it plain to those who adopt such peculiarities that 
the art so exercisc^l is not truthful as an expression of the 
present age, and, therefore, in this resiK-ct. it is retrogressive 
and unreal This does not apply \jo the form of Gothic sculpture ; 
for this, it will be seen iri the coarse of oin* remarks, was much 
modified, according to the comparative skil! or inereaised practice 
of the workmen, ^varieties especially observable at Wells, 
Lincoln. Sali^^bury, Exeter, and in other of the English ecclesi- 
astical buildings. It refers rather, or entirely, to the manner of 
treatment. Here, with much that merits high praise, in its 
forms, it is constantly in ftiitagoni.'^m to soimd art printnplea, and 
exhibits an utter defiance of those rules of fitness and propriety 
which should essentially rt^gidat** an imitative art. If the 
human form is the object of iTuitation, it retpi ires but little 
argument to show that the aim of the true arti.'^t should be to 
choose such conditions as will most correctly display that form, 
or, at any rate, that there should not be a studied ellbrt to put 
into distorted and impossible action. 

Portions or jiarts ot the figure, for instanet% sliould not be made 
to perform functions tor which they are imfitted, and of which 
they are incapable in nature; nor should the most perfect work 
of creation be represented truncated or in pieces, ana so fulfilling, 
with tlie most cornplac^ent expression, ignoble and even repuliivp 
ling o flieega Y'lgt, in tnie Gothic all tk\» oiaoaac^^ 
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b imitated as characteristic of the style, Figtires rc^presented 
as standiDg, kneeling, or sitting, are squeeKed into the hollow 
mouldings of ardiod doorways, in ticrji, otio over the other; though 
in the apex of the arch the upper fieures may by this arrange- 
ment be nearly if not quite honzontsd. Again the most distorted 
attitudes are given to others, to nmke them fit into ringh:'s or 
spatidrels; figures, alsio, in parts or entire, are made to project 
suddenly at right angk';* from the walls, to support rtxif-timhers, 
or to aet as hraekets, while their draperies, clinging close, show 
no naUinil Triuvenient, hut, instead of hanging or floating, are 
fixed horizoutally in folds parallel to the figure. In like manner, 
lieads of angels, saints, kings, hi.shops, and eren females are made 
to bear weights, as brackets under cohmms, or as ornamental 
terminations to dripstones, over windows or doorways, for dniin- 
ing ofl'the raiuwater. Now, iii Gothic these anomalies and the 
grot(*sques, and even indecency* that are seen In gargoyle.-*, or 
draining-pipes on roofs, and in ^ttall seats andotherpart^ of ecele- 
fiiastical buddings, are distinctly intentional. They are not, like 
the crude attempts of the archaic sculptors, in eonseqiu*7iee of 
entire ignorance, or of primitive rudeness of art; for tliey oeca- 
aionly are found associated with a very advanced feeling for a 
certain kind of beauty, both of form and expression. In the 
heads of dripi^tone terminutions, and oecaHionaJly in drapery, there 
is evidence of unquestionable j)ow(»r iu these respects, suificient, 
at any nit«% to shuw tliat the strange, grotesque employment of 
these sculptured fnrrah waw a part of the ^y-*tem of theohl true 
Gothic design. and belonged toil ; herein ctintnisting unfavourably 
and to its elf fatally, with the perfect wculpture wiiich decomteLl 
architecture of the arieic^nts— tliat of the rartheuon, at Athene, 
for instance, of which we possess the original examples. 

It has been necessary to make these Cew preliminary observa- 
tions on this peculiar feature in Gothic sculpture in order to 
explain much that appears anomalotin in its ])ractiee. Ignorant 
of the true principles of sculpture, and rude and iuexperienced 
in execution, as were the artists or carvers of the age, they yet 
were not so primitive, so blind, and so ignorant, as not to know 
that the human face was not intcnde*l to carry the weight of a 
column or a rafter ; and, therefore, it is reasonable to assume 
that the fantastic uses to which the human figure was applied, 
formtMl an essential element in Gothic design. There will be 
enough to arrewt attention in ex7)ression, pleasing forms, and, 
especially, in the graceful though pecubar treatment of drapery 
found in their works, to claim for some of the Gothic artists a 
large amount of our aibniration ; but we may not shut our eyes 
to the curious proofs tinit exhibit these, to ua, contradictory and 
inconsistent features of their art-system ; showing, beyond dis- 
pute, that they were considered as marks of the style, and 
pn:»per to it. It is this which makes Gotkic scidpture false 
and conventional, as a phase of art. Notwithstanding certain 
remarkable qualities it jiossesses, and to which it will be our 
pleasing dut^ to direct attention, it never can be classed as a 
urauch of fine or pcrlect sculpture ■ afid. for this reason, it 
never has been and never can he placed before students, like 
the rcmainii of the great schools of Greece, as profitable guides 
for them to follow. 

It must be a matter of surprise, even making every allowance 
for the vcrv nutund prejmlice against usiug or imitating heathen 
types in the enipluytlient of sculpture for Christian purposes 
and illustration, ub3 , in early times, the imitative arts in con- 
nexion with our purer religion should everywhere be found in 
so rude and barliarous a state. As before observed, it was no 
newly invented art; ami, however neglected its practice had 
been, still momnm iits and remains of ancient and sup.'rior art 
abounded, ei^occially in Italy. The niissiouaries, pncsts, and 
monks, who first s]>read th<' dwtrines of Christianity, had all 
come from tliese southern countries T^bere sucli remains were to 
be ween, on aO sides; and it must ever seem strange tluit, when 
sculpture and iiainting were required in the service of the Faith, 
no higher or nobler ideas of the beauty and dignity appropriate 
to holy subjects and persons shotdd have existed than such 
gaunt and uncomely productions as many of those that have 
reached us. 

It is equally unintelligible that such poor art should be found 
associated in England with what hasb<'eu calied,by its admiri^rs, 
the highest form ofeccleaiastieal arr^hitecture, the Pointed orEarly 
Kngli sh. It is diihcuU to conceive archi tects achieving execllence 
iu their own art who were iuseiiaiblo io the glaring deficiencies 
oftJwMrts vmplo^vd'm conniM^tion with their productions. It 
iHmihei- ^uggt^siivc Ihutull tho oris, ikrduUiCiujec tu well ^ 



painting and sculpture, were, at that time, mepcly in m stftto 
movement, and not practised on any fixed or rccogni*< 
principles. The constant changes takioj^ place in Gothic iirehti 
tecture itself during the short period at its existence (gcamdjf 
three hundred years), from the Koraanesqtie to Pointt*d, ' 
Point4.*d to Decorated, and from DccoratiHl to Perpeadir 
when, according to the best judges orGothic, the style was f 
declining, point to this c^>ncUision. 

This however, is a subject not now to be diacuswMl. Thru 
cau be no cx>mmon ground of argument at betwren the tir 
branches of art. Sculpture and painting, being si net ly imitati? 
must be judged by an existing and admitted standard. Natur 
In architecture there is no such sure guide, nor, indeed, ail 
guide at all, of the kind. Judging by the varieties in the fomj 
and mode of its outward pre iicnta lion, the di'gree of popularit 
or admiration each has obtained, in dlHerent localities, nmy ua 
imjirobably be mainly referred to fancy and fashion. Tliis iso4 
St I with the imitative arts. Here there is a foundation, imd - 
standard which is of all time, and it is also the higbeat a« waUw 
thi' safest that can be offered for our guidance. 

The sculpture in Westminster Abbey must W regarded nnd 
various aspects. First, iu its relation to the architecture simplj 
as accessorial decoration. Secondly, for the subjects represent*^'" 
when it is employed to illusti*ate Seripttirc, hiistorical or legendi 
seen es an d i n c i den t s . T I i i r dl y , a s m i' morial se ul p t u re ; e special^ 
in its application to monuments to the di ad, in tombs and simil 
erections. 

THE ROYAL IJN'STIITTTE OF BRITISH ARCHITEC 

Thk annual cnnversazlone of the Royal Institute of Britid 
Architects was held in their rooms, Uonduit-streot, Hanote' 
square, on the 'iOih ult., when, inaddit on to a large asset 
ot members of the Institute, the following wm' among the ( 

Eresent;— The Earl of EtJuigbam; Lt>rd Talbot de Malt 
lOrd Ernest Bruce; Vice -Chan eel lor Sir W. V. WcM^d; Sit 
Boileau; Admiral Sir G. Back: Mr. Babbage, and a consid 
numberof Members of the Archaeological Institute, then has 
in London fortheii* Aiinufd Congress, also attended i^** 
zione, A large collection of works of art was i'\ if 

w'lich were the following: — Two volumes of draN^ ^ 
illustrative of the topography of Ancient London Jent by thci_ 
ration of the City ot London; a collection of very curious and 
resting drawings of the Palace at Westniirist^r, lent by Mr. J. l>ad 
Gardiner; a large drawing ot" Inigo Jones's designs tor thePidiCi 
at Whitehall, and other "works, contributed by W. Tite, M.FJ 
past Prt sident ; a series of photographs and drawing* of i^ 
Paul's CuthedraJ, lent by F. C. Penn.»se, Fellow, Architect to tlii 
Cathedral ; a collection of drawings of various parts of WpsT 
minster Abbey, lent by G, Gilbert Scott, Fellow, Ji.A., 
numerous drawings of buildings of Modern London, exliibit4fdl 
Messrs. D. Brandon and T. Hayter Lewis, Vice-l*residenti 
Sidney Smirke, H.A.; D. Burton, >.H.S. ; A. Asbpital. G. " 
Street, A.U.A., Horace Jones, City Architect ; E. I'Anson.J. 
St. Aubin, Ct. Soraers Clarke, *I. Peacock, R. H. Shout. 
Brandon, J. Thomson, W, Slater, E, Woodthoqie. W. T^Tiit^ 
W. Biirges, H. Carr, J. T. l\^rry, E. Ba^sett Keeling, Skmni^ 
Proiit, Alatthew 2^oble, and others. A verv interet^ting coIIp 
tiou of drawings and sketches of buildiiu^s in Egypt, l»y R. ^ 
Spiers, was also among the attractions ot the conversazione. 



PtfrmcaliUty oflrofi. — The master of the mint, Mr. Gr 
the well known chemist, has made a very impor*- ' 
which lie has announced in a paper read at the r 
of tbe Royal Society's session. He has diseoverv^i .i.. 
low red heat absorbs a e nsiderabh' quantity of carbonic oxid 
and that, contrary to long-standing belief, this ga* dr»i.»s not i 
on the sul'acc of the metal only, but permeates its entire substaaa 
Having taken up the gas, the iron will retain it for any leo 
time, and iu this (*ondition it is best adapted for conversifl 
steel, as, by the pernu^ation of the carbonic oxide, the subi^ 
process of carbonization is largely tacibtatcd. Hcnc^' ariq 
suggestion that the process of acieration w*otdd be h^ 
eomplisbed by changes of temperatun* ; a low red hc^at to fiB 
iron wnth carbonic ijxide, uIUt which it may bo put away* i 
required, to await the tiual ^jroceiis, at a high teuipemture, <*f c 
vci'iiion into stecL 
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THE FESTLXIOG RAILWAY. 

Thb Festiniog Railway, or tram-road, was originally eon- 
jitructed under the Act 2 WilJ. IV,, cap. 48 (23 Maj, 11^32), aad 
aliortlY after the passing af that AcL It conniu'ticed at a quay, 
near Fortmadoc, in thepaK.sh of Ynys-eyuliainain, in the* county 
of Camarron; and after runaing ior tlurtccn miles through a 
wild, hilly and hi^autiful country, terminated at the Hlate 
quarries of Rhiu-tryfdw and DutlV.n, in thv parish of Ft'stiniog, 
in the comity of Merionctli. The obji'ctH of ita construction 
were to open out '* a more direct, easy, cheap, and commodious 
oommunication between the interior of flic principal district of 
slate and other quarries of the county of Merioneth, and the 
Tarious shipping places at and within the said several counties 
€>f CamarTon an J Merionctlii" and to ** greatly fncihtate the 
OonTeyanco of (!oals, and other heavy articles to the several slate 
and other quarries and mines in the said district, and the con- 
Teyance of the slates, copper, and other ores, and other 
prodnctions of the said slate and otlier quarriea and mines, and 
of the surrounding country, to the sea side," and that it should 
be otherwise ** a work of great public utility," 

The Festiniog Kailway Company, having been duly incorpo- 
rated, received power to make the raUway, or tram-road, and to 
oODStruct the necessary works ; but upon the conditions that 
the railway wag not to pass within eighty yardi* of Piastan-y* 
bwlch, that no stones or materials wore to be miHed within half 
a mile, or any buildings erected w ithin one mde of Pliis4nn-y- 
bwlch, and that all steam enginea employed were to consume their 
own amoke. 

The lands or grounds to be taken or used for the purposes 
ipecified in the Act, were not to exceed four yards in width, 
except where it was necessary for carriages or waggons to " turn, 
remain, or pass each other," or for buildings or appliances to be 
erected, or for embankments or cuttinga to he made, or for 
wbarven, or goods stations; and no work, or building was to be 
aboTe sixty yards in breadth at any place, except on commons 
or waste knojs, or by consent of owners. 

TKie Company was not to oeeupy mure tlian was absolutely 
neceasary of the Traeth ]Wawr embankment near Portmadoe ; 
ihe gauge between the mils was not to exceed three feet upon 
iibat embankment; the surface' «f the embniikment was not to be 
turbed more than one foot in depth, and the ordinary trailic 
tipon it was not to be interrupted. 

The estimated cost of the lino was £24,185 lOs. and the 
Company was authorised to raise £'10,000 l^y Itkan. Powers were 
Twarda granted to nmv further stuns ot £PJ,( tMl by Hbares. 
4:4,000 by loan, ho tluit the total Parliamentary capital of 
Ibe Company' is £60,185 lOg. 

The population of the district, in 1832, was very limited, and 
the Ibe was tlicrcfore laid out in an eeouomiea! maimer, and on a 
gauge of only two feet between the rails. Eut from ttme to time, 
as the traffic increased, many of the curves have been eased, 
diversionss have been made, at great c^xpense, for the sake of 
obtaining better gradients, and avoiding steep jnelines ; and 
improvements have been ellceted in the permanent way, though 
without any alteration of the gauge- The difference in level 
V>etw€M?n the terminus at Portmadifc, and the moimtain terminus 
fi Dinas is 700 teet, and the average gradient for Pij mileg, 

m tlint mountain tenuinus, to the Trnoth Mawr euibankment 
firer Portinadoc, is 1 in 92* The Bteepest gradient on the 
portion now uaed for passengers is 1 in 7982, and the steepest 
OD which locomotive engines are employed is 1 in UiK 8ome of 
the curves are exceedingly'^ wharp, having radii ^arpng respee- 
tiyely from 2 chains to 4 ebainii The maximum super-elevation 
allowed for the outer mil, on a curve of 2 chaina, is 2 J inehea, for 
a swed of 8 miles per hour. 

As the iditU^ quarries are at diflerent altitudes in the moun- 
tains, the Hlates are firjit brought down the quarry iin-lines to 
the railway, and the trucks are then collected and forwarded in 
trains to l^cirtmadoc. Tlieae traum, sometimes com posed of tifty 
trucks or sixty trucks each, run down by the force of gravity, 
and are ih charge of breaksmen. 

Until 18<33, the empty trucks, or trucks loaded with coals. 
go^KlM, fiirnilure, materials, niachinery, and tt.>oIs for the quarries 
and the n<^ighbourhood, were drawn up by hori*es, whieh went 
brought down in the trains, as on some of the ooUiery or 
minenil Iine»^ in the North of England. 

A« the tratlic inrn-ftsttl, and after the railway had been much 
improved, the praeticabibty of employing hwoinotiye engines on so 
uarrow a gauge waa trequently discussed : but the project was 
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more than once abandoned, in oonaoqnence of the apparent diffi* 
cwlties, and of the adverse opbiions expressed by the Engineers 
who were consulted. At length the eontinued increase of tho 
slate traffic, and of the trade of the neighbourhood, caused 
it to be revived; and Mr. England was employed, under 
Mf. C. E. Spooner, the Secretary and Engineer of the Company^ 
to design an engine for the purpose. Two locomotive engines 
were acwrdingly placed upon the line in Jujie. 18ti3, and were 
found to work so sucwssfully that others have since bt*en sup- 
plied. The Company now poeseHscH four engines, which have 
run, (up to February, 1865), 67,000 miles without leaving the 
rails. 

During the past autunm the Company C4irried passengers expe- 
rimentally, without taking fares, ana at the com men cement of tiie 
present year, the line wan regularly opened tor ])assenger traifie, 
Tn ascending from Portraadoc. the passeuger-carriages are drawn 
by the engines with other vehicles, the pasgenger-earriages being 
plflced between the empty slate- trucks, which are always last in 
the trains, and the gootfa -wagons, which are next benind the 
tender. In descending, the loaded slnte-trucks, with empty goods- 
trucks attached behind them, run first in a train by themselves; 
the engine follows, tender lirst; and the pasaenger-veliicles, de» 
taehed fi*ora the engine and tender, and at aome Uttle distance 
bf4iind them, bring up the rear, with a break van in front, and a 
piard on a platform outside it. The speed is Limited to alxiut 
six miles per hour, in passing round the slmmest curves, and ten 
miles per liour on other jmrts of the bne. lliepassenger-guard, 
standing outside bis van, is always ready to slacken speed, by 
rtie application of Ids break, in approaeliing level crossmgs and 
sbarfi curves, or in obedienoi* to a signal, or in the event i>f an 
obstruction on the line ; and the diiferent trains, or portions of 
tbi' trains, are able to follow each other, at the above moderate 
speeds, more cloaely than could be done, with safety ^ on ordinary 
railroads. 

The engines, though on a much smaller scale, arc of a soma* 
w hot similar jjattern to those wldeh Iiave been found ao useful 
by contractors. The wheels an? 4 ui number, and are coupled 
t4^getlier, 5 tWt apart, and are 2 tVet in diam^tcT. The cylinders, 
which are plae(>tl outside the framing, are 8 inches in cfinmeter, 
with a length of stroke of 12 inches, and are only 6 inches above 
the rails. The maximum working pressure of the steam is 200 lbs. 
t^r* the square inch. Water is carried in tanka snrroundtng the 
boilers, Jind coal in small four-wheeled tenders. The heaviest of 
these engines weighs 7i tons in working order^ and the cost was 
£{HMf eaeji. The average load taken up, at a speed of about 10 
miles per hour on the ascentling journey, is 50 tons, inelurtiiig 
the weij^hts of the carriages and trucks, but exclusive r»f the 
weights of the engine and temh^r. In fact, the actual pertorm- 
ance of the cngijies, exclusive of eonsidenibie shunting, is U^ 
convey daily, tm the up journey to Portnmdoe, along tlie Traeth 
Mawr endtankment, average loads of 2t^J tons of slait% all the 
empty slate truck § from Portmadoc, 60 tons of goods, and 100 
passengers, besides parcels, at an expenditure of 17 cwt, of ocml 
and coke for two engines, or about 075 lb. per ton per mde, the 
average ascending gradient for 12} miles being 1 in 92, and 
there being a level portion for about throe quartera of a mile near 
Portmadoc. 

The high pressure at which these engines are worked, com- 
bined with the small driving wheels, gives them a surprising 
amount of power for their size, and adapts them well for am- 
venienec in starting and for working at slow speeds. The centre 
of gravity also has b«*en kept as low a^? possible, >vith a view lo 
steadiness on so narrow a gunge. But their short whet'l-ljase, 
and the weight which overhajigs the trailing wheels, imparls 
more or Icsm of a jumping motion in running, which might be 
avoided by the addition of trading wht^ Is, workmg, perhaps, in 
radial axle-boxes, to steady them. EtUcient safety-guards, 
similar in tbrm t« snow-plouglis, have been added in front of iho 
engines, behind the teudersi and under the platforms of the break 
vans. 

The passenger-en rriages arc necessarily of adiflTorcnt eonstrrie- 
tion from those in ordinary usi^ on railways, and are also low, 
Tlieir dimrnsions are feet inches high in the middle above 
the rad^, 10 feet long, and 6 tix-t 3 inches wide, outside measure* 
men I, Each carriage has 4 wheels, 1 foot 6 inches in diameter 
and 4 feet apart, from centre to centre of the ailea. There is a 
longitudinal partition doi^-n the e^^ntre, and the passengers sit 
back to hack, so as to avoid causing an overhanging weight 
outride the rails. The #»eeond and tiiird-ela,HS carriages, r^ost 
£100 each, and do uot differ from the Urat- class carriages, which 
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co«t £120 eaeh, except in tlieir fittings. The sprmga are volute, 
and the axle-boxes, wbiel» are tinder tlie seats, are easily lubri- 
cated oil the remoral of a nmall dtwr opposite to them. Each 
carriage will eonvey 10 passenj^ers. 'No platforms are required, 
as the fliKiru of tlie earritt^eH are only 9 inches above the rails ; 
aud. there l>einR r»> break in the longituclinal partition!:*, the paa- 
Henjjfers it^et in and rtut throu«ih the doors on both sides. 

There are also some open ears for snmmer use, of similar con- 
atruetjnn as n»j^ards tlie under-frnTaing, and of stimilar lenejlh, to 
the above earria^es ; but without sides and roof. The pa^si^ui^em 
are strapped into these carriages bj means of longitudinal and 
eruse-strapa- 

It is a qaeation whether lonjfer carriages on 8 wheels and 
bogie frames might not be used for sharp curyes on other linea of 
unuHually narrow gauge with advantage. But it is eonsidered, 
that carriages of greater length than 13 feet would be ineonve- 
nient fur moving about at the stations. If the curves on the line 
had not had any radii of leas than 5 chains, the h*ngth of 13 feet, 
with 6 feet 6 inches centres for the axles, would have been 
adopted. The couplings are eentral, similar to the screw 
couplings in common use, are 15 inche.H above the rails, and work 
upon volute springs. The bufl'era are also central, are 4J inches 
a Dove the coup lings, and work against a curved spring, 2 iVet long. 
The syjitem, which the Author has observed to work successfully 
on the Continent, of a single link, with a double spring connected 
with each draw-bar, would pn:tbably be found well suited to act 
at the same time as buffer and coupling, at slow speedj, on rail- 
ways of this description. 

The pennanent way is now laid with rails weigliing 30lbs. to 
the lineal yard, and in lenj^ths of 18 teot and 21 feet. The 
rods are supported in cast iron chairs, which weigh 13 lbs. at 
the joints, and 10 lbs. each in the intennerhate spaces. The 
sleepers are of Tarch, 4 feet 6 inches h)ng. and averaging 
10 inches by 5 inches in section under the joints of the mils, ana 
9 inches by 41 inehes elsewhere. They are placed 1 foot 
6 inches apart, on each side of the joints ot the rails, and 2 feet 
8 inches apart in the intermediate spaces. The rails are secured 
in the c^hairs by wtWen keys, and the chairs are fixed to the 
sh*epcrs by wrought- iron spikes, 4 J inches long by f iiieh 
diameter. 

There are 17 bridges under, and 6 (foot) bridges over the 
railway, as well as numerous atone viatUuis across the valleys. 
Most of the smaller openings are covered by gii'ders, or rather 
ftlabs, of slate. Then* art* also two ttmnels, one 60 yards long, 
and the other 730 yards long ; the former through hard shale, 
and the latter tbr^jugh syenite rock» which is sniheiently solid 
to require no lining. 

The Company has, of course, had many dllTieulties to contend 
with in transforming a horse-tramway, thirty *threo year^ old, 
into a passenger line worked by steam* locomotives ; and not tlie 
least of these difficulties has arisen from the narrowness of the 
works. The stone walls, with which the greater jiart of the 
line is fenced, as weU as the abutments of the bridges and the 
tunnels, leave less width tlian it would be desirable to pro^-ide, 
on any hues of an extra-narrow gauge which may be constructed 
in future. The carriages, Inking tJ teet 3 inches wide, overhang 
the rails by about t feet on each side ; and this renders it 
desirable that the works at the sides of the line should be ot 
least 4 feet 6 inches from the rails, and that a total minimum 
space of 11 feet 6 inches, or 12 feet, should be preserved in the 
clear between the abutments of bridges and other works, tl>r a 
single hne of rails. These dimensions would, of course, vary 
with dilTereDces in the width of the gauge and the width of the 
carriages, it being desirable, on all new lines, thai a minimtim 
distance of 2 feet 6 inches should be preserved between the 
aides of the carriages and the works; and the width of the 
works would rheretore depend, not so much upon the gauge of 
the rails, as upon the oimenBions of the carriages employod 
upon them. 

In like manner, where the line is doubled, or where sidings 
occur, it is necessary that an internicilTate space of 7 feet shoald 
be allowed, to fid mit of the doors of the carriages in one train 
,«iwjnaing clear of the vehich*s of another train, and for other 
reasons; their dimensions also varying according to diflerent 
widths of gauge and earriagen. 

The Author concei^rcs that the employment of locsomotive 

engines ou thii* little riulway, and theofw-ning of it for passenger 

traitie, are not only highly interesting experimcmtji, but are 

)Jkf)r also to be followed by important results. There can be 

Hi? tfoubtf timt thiB coantrjr owvn her abounding prosperity of 



recent years mainly to the rapid develoy>ment of raOway onm- 
munication, and that the increase of that prosperity in ftitiute 
years will depend much upon the faeihtie*; tor, or, in other 
words, upon the cheapness and rapidity of transport which may 
be pnmded for imsHcngers and produce, between all parts of thr ' 
kingdiuii. These further facilities must be derived, partly fron 
improved earring powers on some of the existing radways, an 
partly from the construction of new railways. Every new lin 
in an agricultural, a nianufaeturing, or a mineral diiitriet, t©nd 
to stimidate pnxluetion, to provide means of employment for a 
itiereasing population, to add to the supply of ktod, and to brir' 
into use sources of wealth which would otheni\'ise lie dormai 
There are still, doubtless, numerous districts where railways i 
a gauge of 4 feet 8i inches may be profitably" made ; and, inde 
the number of miles of such' railways annually project-edj 
carried out has, of late, been increasing rather than diminii 
Although only 477 miles were opened tor tratlie during ihi 
year as against 771 miles for 18t>3, yet 4,270 mues 
projected for the present session, against Sfi99 mdca for th 
session of 1864. But there are also many other districts 
which lines of cheaper construction are required* Badways ( 
the gauge of 4 teet 8i inches can hardly be made more eoon 
mically iluin at present, as far as regards the pennanent way. <_ 
the works. Cheap lines necessitate steep gradients, whjc 
require heavy engines, and heavy engines require aubstantii 
bridges and a stronff permanent way. On the other hand, witi 
a narrower gauge, lighter rails and sleepers, less b ~ 
cheaper works generally may be employed ; sharper curves : 
be laid down ; veiy lit^avy gradients may, particidarly 
mountainous districts, be more cheaply avoided; and lighte 
engines, mith lighter vehicles, may be made to do all the work! 
required, where lugh speed is not demanded, and where tii0l 
tratlie is not heavy. 

The Norwegian government, as appears from an ixxterestiiiff 
report by Mr. C. D, Fox. has constructed, and has in ML 
operation, two lines, the one from Grundsett to Hamar, 24 miles 
long, and the other frc>m Throndlijein to Storen, 30 miles \oag, 
both on a gauge of 3 feet 6 inches. The former, with gra diairtt 
of 1 in 70, and curves of 1,000 feet radius, through a mode 
easy country, has cost, including rolling stock and 
£3,000 per uiOe. The latt<?r, through a more difficult eonn!!_ 
with grathents of 1 in 42 and curves of 700 feet to 1,<X>0 fei 
radius, has cost £G,000 per mile. The rails weigh 37 lbs, to t 
lineal yard, and ere fished at the joints. The sleepers are 
native pine timber, 2 feet fi inches apart, 6 feet inches long, 
and *J ineJies by 4^ inches in section, and the rails are secortd 
to them by do^ spikes only. The engines weigh 14 toos, ^ 
steam, aud the carriages are 9 feet 3 itiches high, and 6 feet 
6 inches wide. The speed is about 15 mdes per hour, inciading^_ 
stoppages. The Norwegian government is so pleased with thdH 
result, tliat an additional length of 56 miles of uiis gauge is noir^l 
in course of (construction, and no other gauge is contemplated 
lor the trallic of that eountrj'. 

It is, however, illegal at present to construct any pasa 
lines in (ireat Britain on a nan-ower gauge than 4 feet 84 inc_ 
or in Ireland than 5 feet 3 inches. Tlie Act 9 & 10 Vict, cap.: 
provides (sect. 1|, '* that after the passing of this Act it sh 
not bo lawful (except as hereinafter excepted [with reference 
broad gauge railways]) to construct any railway for the 
veyance of passengers on any ^auge other than 4 feet 8^ 
in Great Britain and 5 feet 3 ijiches in Ireland ;** and (sect, ( 
*' that if any niUwajs used for the conveyance of p«4S8« 
shall he constructed or altered contrary to tlie provisions d 
Act, the Company authorized to construct the radway, or i 
case of any demise or lease of such railway, the Company 
the time being having the eontK>l of the works of such ri' 
shall forfeit ten pounds for every mile of such radw^y 
shall be so unlawfully constructed, or altered, duriiiLr ever 
that the same shall continue so unlawfully ^ " d 

altered j" and sect. 7 gives power to the Coui -ra 

Woods, &c., or to the Board ot Trade, to abate, or n?move 
rail ways, so constructed, or altered, contrary to the prov 
of the Act. 

It would therefore appear to be necessary, before oonaitnui- 
tng any raOways for passengers on a less gauge than 4 fe<'~ 
8) inclies, or before attempting to open for jjassenger traffic l, 
railways so constructed subsequently to the year 1846 (in whifl 
the above Act was passed), to endeavour to obtain, if not 
repeal, at least a modification of its provisions. That Act 
passed after the lieport of the Gauge Commiasioiieray when 
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ppo wa^ a string feelinjj against hrenk ofirauge, and when there 
us no iviiniediate prosp^^rt uf a tliinl and narrower gaugo hoiug 
jctensivelv required. But tliore is now an increasing demand for 
branch railways of a minor ela.ss. Many t'oal and mineral lines 
' ID use on a narrower gange than 4 feet 8^ inchea, and otliers 
' about to be eonstrueted with ultimate views of passenger 
ftffic. It would therefore he an advantage if 8ome smaller 
_ tijye wer^ recognized ; ftjr however ohjeetionable tho eiiiitence 
of dUlerent gauges on imiwrtant through lines of conimunicatiou 
may b<% it is c^uit^3 otherwise with respeet to the use of a 
mrrower gauge lor feedioij branches, in di^triets where a similar 
J r.» to those main lines would not be eonimereially practieahle. 
I*;i.->tuger8 change carriages, under any system, atthe jiinetions 
of less important bnmehes ; and it is eonsitlerahly cheaper to 
transfer lieayy goods from one ndlwaj^ truck to another, than t-o 
cart them for several miles, perhaps over intiiQerent roads. 
The Festiniog Eailway, on wkich the original gauge luis nc- 
ces^ardv Iwen maintained, in eonsequence not only of its owu 
works, out also of those of the trai'jiways and quarry iuclines 
running ijito it, is an extreme eiam|)le, outdone oufy by the 
little engine which doci the work of the shops at Crewe on a 
gauge of 18 inchei* ; and the cost of that radway, under the 
peculiar cireumatanccs of its onginal conHtruction and subsequent 
aiferationa. eannot be taken as a giude for the future. A gauge 
fiomewliat wider than 2 feet would pnilmbly be desirable on any 
line to t»e now constructed, and it wouUl hardly lie worth while 
i4j desert, (he gauge of 4 feet 8 J inehes in Great Britain for any 
gatige wilier than 2 feet 6 inches. But whatever the exaet 
gauge, whether 2 feet 6 inches, or 3 feet, or any other dimension 
tiiat might be eoni^idered most suitable for lines of minimum 
tratEc» there can be no question, that a system of branch lines, 
costing two- tkirds of the liranches now ordiaarily oonstruet^'d, 
and worked and maintained at three-fourths of tlie expense of 
those branches, woidd be of decided iK^nefit to Great Britain 
and Irtdand, and would be most valuable in India and in the 
colonici) ; in fact wherever there are people to travtd, produce 
to be transported, or resources to be clevektped, where it would 
not be eommereially profitable to incur the expense, iJi tke first 
instance, of a firat ckiis raUway, 

Captain Tyler said, having been called upon officiaUy to inspect thie 
THilway, be thought a brief description of it might be inteirsting, and ho 
hoped that detcription would be the means of calling forth a diBcussion 
of ^reat use, in clucidatiag the importaat queatiou, i*hethor it wat 
desirable lo have a narrower gauge in thb country, under peculiar clr- 
eumstaDces of locality, and having regard to the nature of the traffic. 
Then were already in Wales, a number of different gauges used on 
tramways for bringing ilate* and miaerale down to the porta of ihipment ; 
and in other coantriea different gauges were Bpringing up. In QueenB- 
land, he bad been informed, 100 milei were in course of construction on 
the gauge of 3 feet 6 inchee, and 200 miles more wore projected on the 
■anoe gauge. It wa^ important to ascertain, what would bo a suitablo 
gauge in those instancies where the traffic woe not likely to be large. 
Fanacra were now using portable railways, for transporting the produce 
of their fields, for bringmg in their harvests, spreading manure, Ac, and 
there seemed no reason why districts, which couM not support a railway 
on the gauge of 4 feet 8| inches, should be altogether deprived of the 
advantages of railway cnfnunuiUGation. The question of gauge was. in 
one sense, a question of speed. Speaking roughly, on a railway of 2- feet 
gauge, with 2-feet driving wheels, tr4VL4Hng might bo made as safe at 
20 miles per hoar as on the Great AV^estern, with its 7-feet gauge and 
7-fect driving wheels, at 70 miles per hour, fie had travelled on parts 
of this little line at the rate of 30 miles per hour with every feeling of 
safety. He regretted the unavoidable absence of Mr. Spoonej", bucauee 
it prevented him thanking that gentleman, in the preaenee of the 
meeting, for the information afforded during the preparation of this 
Paper, end because, if he had been present, he would have been able to 
give further information on the subject. Jklr. Spoon or took ejeat interest 
in this line, and was aceustomed to travel on it along the Traeth Mawr 
erabankoient in a boat earriage, not inappropriately named ** Ni I'un ni 
rautre," being carried along by a saiL The preliminary expenses in first 
applying locomotive engines, and making nnoierous adaptations on so 
narrow a gauge, were considerable j but since the line had been in 
working order the following results were shown, 

STATsmjrr of the CowPAaATiri Cost of WostTiro the FssTunoa Baii.W4.t 
by HoBKis, sod by Locojiotitb Fowib. 
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Mr. G. W. Hemans said, he had aoen this imilwaf, when worked by 
horse-power, about three years ago, and was glad to hear now, that it con- 
firmed the impression he then entertained, that tJje project of working it by 
locomotive power would be sucoessful. The idea of using locomotivea 
arose from the competition branch line, which was eont^-ra plated by the 
owners ot tiie ordinary gauge lines* leading along the Wt'lah coost^ and 
which branch was to penetrate into the slate district. He was called 
upon to examine as to tlie propriety of this branch line on the ordinary 
gauge, for the puirposos of the slate quarry, and the result of hisobserra- 
tion was, that for those purposes that gauge was unsuitable, and that nn ^ 
better thing could be devised than the existing 2*feet gaugv. The small 
wagons on this gauge were carried over steep inelinationfl, of 1 in 12 
and 1 in IS ; and in some places of as much as 1 in 5, or in 6, so aa to 
penetrate into every part of the immense sUte quarries of Festiniog. 
The slates brought down on these extensive nuniieationa were expected, 
if the ordinary gauge branch were constructed, to be delivered at the 
foot nf the inclines, to be there gathered together, and the narrow wagonf 
would be hoisted into broad gauge wagons and taken to the porL TMa 
would clearly have proved a great inconvenience, and the project of using 
Income lives on the 'i-fcet gauge, as far as the foot of the steep inclinea, 
seemed so feasible that bo gave it his warm support; aod'the conse- 
qucnro of the opposition to the broad gauge branch was, that it wat 
withdrawn, and the project of working the narrow gauge by locomotivea 
was carried out. He thought the attainment of a lair speed by the oar* 
row gauge locomative was, to a great extent, as safe as on the broad* 
piugo, provided the wheel base were properly proportioned to the engtaa. 
With regard to the economy of the working, another (question arose. 
As to the general printjiple, whether it was desirable to encourage very 
narrow gauge lines in positions of this kind, it depended upon the nature 
of the traffic. He doubted whether that system oould bo extensively 
used for passengers; but where there was a large amount of mineral 
traMo c^^miag out of narrow galleries^ all going in one dircctianf and 
but a small passenger traffic going in either dhroction, ho had no doubt 
a system of narrow gauge railways might be advantageously adopted. 
He thought it a matttir worthy of legislative inquiry, whether tbia 
system might not be beneEoially extended upon some well-considered 
gauge. At the same time, as a general principle, there was great objeo- 
tion to alteration of gauge. As regarded Ireland, the adoption of the 
gauge of 5 feet 3 inches had not produced bene^ctal results. 

Sir Charles Fox remarked that he had bad a great deal to do witli 
railways of various gauges. It was a subject to which he had given 
more attention than ptrhaps any other. Ue thought break of gauge waa 
a serious matter i and yet it was difficult to say there never shoold be 
break of gauge » As joint engineer of the Indian tramway, with regard 
to which line a question arose as to what gauge should be adopted, ha 
wrote a long report, in which he advised that that company's lines 
should not be made tramways, but light railways ; and, as in almoat all 
cases such lines would be tributary to main lines, the gauge of which he 
bfcilieved woa 6 feet 6 tnehei, he advitied that the tributary branches 
should be laid to the same gauge ; but he coupled that advice with what 
he thought, wna an iroportant condition, which was, that the load upon 
each pair of driving wheelH of the engine to run on such lines should be 
limited to the greatest load that could by possibility come upon any pair, 
of wheels in a train« He calculated 6 tons on each pair of wheels, and 
he did so for this reajson ; he considered that thf tributary lines in India, 
if intended to pay, oupht to be worked by the rolling stock of the parent 
lines. All the rolling stock of the parent lines, except the locomotives, 
might with safety be carried on rails of not more than 35 lbs. to the yard ; 
but there must be locomotives of not more than about 18 tons on three 
pairs of wheels, or if of 24 tons, on four pairs of wheels, thus equalising 
the tota? load by placing 6 tons on each pair of wheels. But, whether 
the gauge was 3 feet 6 iuches, 4 feet 6 inchea, or 6 feet 6 inchea, the 
rolling stock need not be comparatively heavier in proportion to the 
greater width of the gauge : and tf the weight were restricted to 6 tone 
on eadl MU7 of wheels, the light permani'nt way would be able to do the 
work* xhe report to which he alluded, after being considered by the 
directors, was not acted upon- The line between Areonum and Conje- 
veraro, forming a junction with the Madras main lino, was of the gauge 
of 3 feel 6 inches; but since then, the governments of the three Resi- 
dencies came to the determination that no tributaries to main lines should 
in future be of any other gauge than 5 feet 6 inulies. The only condi- 
tion on which a narrower gauge was to be pernjitted, being where the 
line was not tributary to a main line ; and even that, he beUeTed, waa 
not yet fuUy determined upon* Hii own opinion was, that the Goveni^ 
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ment would iidhero, in ill cases, to tho r«*olution requiring the giuge of 
& feet 6 inches. On the other bimJ^ the objection to a uniform gatigu for 
both main line and trihutury branch wa?, aa alleged by tho man&gers of 
tbo oompantett, that thoy had no proper control over their servants; and 
that if a man was acoURtomed to drive an engine of 30 tons on the maia 
line, he could, if he chose, ran tho aame engine on to tho lighter road, 
Tsry much to ita injury; whereas, having a iii£fcT«nt gatige effectoally 
prevented thi« being done. He thought that there should he no aeparatfl 
establishment for tho repair of those engines, hut that all the locomotives 
should be tho property of the parent company ; the engines could then 
go to the tame shops to be repaire^d, which would hts a convenient and 
eoonomleal arrangement, particulaily on a short brooch. On the line to 
wMch he had reftrred, he had been obliged to send out all the tools 
tteoeas&ry for the repair of the engines of 3 feot 6 inches gauge, whereas 
U the gauge of 5 feet 6 inches had been adapted, arrangements might 
have been made for the whole of the rolling stock to bo repaired by the 
p&rent company, under an agreement with the branch undertaking. IIo 
thought it was more important lo limit the weight on the driving wheels 
th^u to fix any particular gauge, the -latter being a matter which must 
be determined by the ciroiimstances of each caao. After a goi>d deal of 
OcmsideTBtion on tho subject, he thought if be had now to establish a 
nuge to bo used all over the world, be should fix it at 5 feet 4 inches. 
The Irish gauge of 5 feet 3 inchea was a very good gauge. The Indian 
gauge of 6 feet 6 inches was also a good gauge, but it necessitated a. 
itither heavy rolling stock ; while the gauge of 4 feet 8 J inches was in 
hji opinion too narrow. At the same time, unless there was some strong 
ft>t0on for departing from tho univeratil gfiuge of any country » he would 
follow out that gauge in even the light tributary lines. 

With respect to Queensland, tho government of that colony hatl 
decided beforehand upon making its lines on tho gaub^c of 3 feot 6 inches, 
and tho plann were referred io him for con^rmation: more than 100 
miles were now being constructed,, and authority had boen obtained for 
200 miles more, tJjo '* matdriul" of which was now being prepared. Iq 
the case of the Indian Branch of 3 f«iet 6 inches gauge, all the '' mate- 
riel " and rolling stock had been sent out from England, the sleepera 
being of teak. The line was laid upon an old road, whiuh was granted 
to the Company by the Government, and which required some alterations 
in its curves and gradients. The total cost, including tolling stock, 
would be not quite £3,500 a mile, 

With regard to tho radiating axle boxes referred to in the Paper, and 
which had been adopted for sharp curves on the Norwegian lines, he 
was so satisfied with them that he was sending such boxes out to 
Queensland. He believed, that on the Queensland railway, 5 chains 
was the sharnost curve, and that 1 in 40 was the steepest molination : 
that the weignt of the rails was lOlbs, to the yard, ond that the engines 
with six wheels did not exceed 15 tons, in steam, ready for work^ oxolusive 
of their tenders, carrying fuel and water. 

Tbe most important reason for using the narrow gaugo, in this instance 
was for the construction of circuitous lines through mountain ranges, where 
it was irapoflsiblef except at very great coat, to have oui vea of long radiua. 
If it had not been for tliesharpo curves^ ho would not have recommendeti 
the narrow gauge for the Queensland lines; and it must be borne fa 
mind that these being tho first railways in that colony, there was no 
existing gauge to which the gauge of these lines bad to be adapted. 
He hoped, however, that his remarks did not lead to the stippo»ition 
that he would lav down a railway, with a gauge of 6 feet (J Im htt*, to a 
slate quarry in Wales ; his observation,^ applied only to such lines aa 
were tributary to main systems of railways. 

Mr. Peter Bruff remarked, that all the Norwegian lines alluded to, 
were tsolatcd. The original lino made by Mr, Stifpbenatm and 
Mr. Bidder, hod boon extended to the confines of Sweden, ami was 
entirely constructed on the gaugo of 4 feet 8 1 indies, with which tho 
other lines of the country were never likely t> be brought into eom- 
mtmicatirtu. Eadiatingaxlc boxes, he untlersltv^d, had been recently 
introduced on the Norwegian linos with pongi'ltrable auccesst ; ihe weight 
of rails generallv adopt^'d was ^71 hi. to tho yard, laid m lengths of 21 feet, 
tho rails being tlst- bottomed, 34 inches lii;;h, with a bEno of 3 inche?i, 
laid on cross sleepers, and fish Jointed. In some cojica a plated joint Iiad 
been U8e<i, which, from the experience ubttiined in Eiigland, was not 
oonsidered a desirable flrrangcmcnt. Upon the subject of narrow gauj^e 
Norw*^f?ian railway*, ho had, however, received a communication from 
Mr. Pihl, who, in 1 8.'5 6, wa-* entrusted by fbe Norwegian Governutent 
with the task of supplying railway communication between Thrundhjdn 
(about 350 miles northward of L'hriatiana) and Storcn, the point Irora 
which two main carriage roads ran souih ; and between Hamar, on the 
Lake Mjosen, about 56 English miles north of Christiana (with which it 
was in direct communication hy rail and steamer), proceeding eastward to 
Elevcrum, upon which the traffic of the Glommen Valley converged. 
Mr. Pihl stated, that he determined, fW)m the difficulties of the country 
and the smalLness of the traffic to be accommodated, thnt he should not 
bo justi^ed in recommending such an outlay as would be involved by 
tho formation of a railway as ordinarily constructed ; he therefore 
recommended n gauge of 3 feet fi inches. This was adopted by the 
Governmeut ond confirmed by the legislature (Storthing) in 1857, and 
shortly afterwards tho works of both fines were proceeded with. 
Tb& works upon the Hamar line, being the more easy of construotioa. 
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wers auiBciently advanced to be used for goods tmffie in the fummer of 
186 L The total cost of this line, for 24| English miles, had mmouoted 
to about £3,000 per EngUsb mile, Thii included a large iron brid^, 
on stone piers, about 900 feet long, for ordinary road purposes only ; &e 
rolling stock of 3 locomotives, 6 passenger carriages, 3 break vuis, and 
AO ^oods wagons, with the necessary ballast wagons and tools for 
repairs; also two terminal stations, and six intermeiliate stations uid 
stopping places, a carriage shed and a small repairing shop. Although 
the works were not of a heavy character, there were nevertheless many 
diffieulties to contend with, the line having to ascend upwards of 400 
feet, and to cross cxtensiYC and deep swamps. 

The Throndhjein liue of 31^ English miles, running through i 
country, requirtifl many heav^y works of construction, among whidlJ 
numcntus large bridges, some being from 70 feet lo 100 feet high, i 
euttinga containing from 50,000 cubic yards to 70,000 cubic 
each, and others through rock of more than 30 feet io depth. The' 
of this line was necessarily greater than the former, in all about £r 
per English mile, including 4 engines^ 8 passenger carriages, 3 1 
vans, 60 goods and plank wagons, besides 20 ballast trucks, wit] 
necessary implements for the repairs. There wers besides the terminal 
stations, six intermediate stations and three stopping- platformo. At 
Throndhjein there were also goods and carriage sheds, and a workshop 
for the repair of the rolling stack. This line had to cross a ridge man 
than 600 feet in height, iu the first Norwegian mile from Throndhjein. 
The greater part of this distance was constructed on one side of the ridge 
with gradients of 1 in 42 and I in 65, smd on the other side of 1 in 52, 
the curvature lieing of about 900 fi-et radius ; whereas on the other portioa 1 
of the line, where the gradients were seldom more than 1 in 100, curvet I 
of 7p^0 feet were frequently resorted to. The width at the formatioti 
level in cuttings and on embankments was 13 feet nearly; the slopes, 
according to circumtitances, were from 1| to 1, to 3 to 1. TTie baliaH 
was S feet wide at the top, and t foot 9 inches in thickness ; the sleepcn 
were of half round pin 0, 6 feet 6 inches Ion?, placed 2 feet 6 inches apart 
on the curves and steep gradients, and 2 feet 9 inches apart on ths 
straigliter portions of the line. The rails were fiat-buttomed and fished. , 
at the joints in the usual way, Sj inches in height, and weighing 31lh^ \ 
per yard, except on tho steep inclines, where rails of 41 Iba, pel 
yard were laid. Tho rails were fastened to tho skepers by dog-spiW 
only, no bolts or bottom plates being used, lUnsomeB* chilK*d crocfiog^^ 
and Wild's self-actinpa witches were used throughout. The bridges wem 
all (jf tinibiT,escepl where large rivers had to be crossed, and spans of fVom 
60 feet to 100 feet were required, in which cose stone piers wero caniad 
up above fiood level. The superstructure made use of in those cases wis 
Howe's system of trellise work, with iron suspending rods. The rolUiif 
stock consisted of tank engines with three pair of wheel*, two pidrs being 
coupled foi drivers, these having an available weight for trsctton of &ua 
11 tons to 12 tons, out of the 14 tons t^J 15 tons, the total weight. ~ 
last engines procured were provided with bogies, on Bisael's or AiL 
system. The ovlindera were 10 inches in diameter, with a lengL ^^ 
stroke of 18 inches, and the driving wheels were 3 feet in diameter, i 
All the engines were made in England, with the exception of one made 
at Tbrondjcnn, and were working eflSeienlly. The passenger oaniag«« 
were constructed to carry the usual oumb^^r of passengers, as in England. ^ 
and were arranged for two classes only, the compartments being fitttd 
up as first and third. The goods wagons were made to carry $ tooi^ 
and were only a few inches narrower than the ordinary kind, thi<s« 
widths being obtaioed by having the springs attached to braektrts insidtf 
the flole bars, thereby allowing the lowering of the body, and in conse- 
quence, the centre of gravity. The bufft-rs were all central, and 2 fett 
6 inches above the rail level, and served also oa dm w- bars. Tho 
couplings on those last constructed were self-acting when the wagooi 
were brought together. As this narrow gauge allowed a correspondiofly 
largLT wheel hose than the ordinary gauge, the wagons ran vcty ^_ 
steadily. Some of the wagons wi^re ctmslrutted to carry planks 24| feet ^^| 
lon^, and had a length of wheel base of H feet. ^U 

The usual mto of speed was about 15 miles per hour, indudiJif 
stoppages, and tho trains ran quite as steadily on this line as on th« 
bnmdor gaugvs. The traffic on these lines, though considerably belnw 
that of the Iciwestof the Engjiah lines, had already fully paid the Workin|; ] 
expenses, while the impulse given to the devclopmoot of the rtaountv j 
of tlie country must undoubtedly, in course of time^ produce a comt« j 
ponding and eatisfuctory increase of revenue. 

In order to show the economy of cormtruction, Mr* Pihl isentioiisd 
thnt simultaneously with the construction of these lines, an extension of 
about 50 Emjlish miles was conrttriicted, from the old trunk line built 
by Messrs. Stephenson and Bidder in 1850-53 to the Swedish frontier, 
of the ordinary gauge of 4 feet 8| inches, the cost of whidi w*» ibout 
£6,400 per English mile, the rate of wages and the class of work being, ai 
nearly as possible, of the same description. 

In addition to the two narrow gauge lines described, there wis in 
course of construttion, another line of tho same gaups b^^tween thf* To«n 
of Drammcr and the Lake Randsfjorden, about 57 KnV; »,,jtlj, 

besides several branch lima in preparation. None > 'Aot^ 

would ever have been made, had not the tin all t«.>^. jii^^i-uvu imu en- 
couraged the undertakings. 

{To bt eoncluded in our n«tt,t 
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GEOLOGY AS APPLIED TO ARCHITECTUEE .• 
By Johk CrMMiNO, F.G.S, 
(Ckintmued from pa0€ 211.} 

To CBtTHBLB awEj is tho very nature of gtone ; mdeed» every 
formation has l>oen prodiU'cd by the wcathoring of a preceding 
bed of rock, either by wind or rain, raecihanicallj or chenlically, 
or by both* or by the beatinij of sens or rivera oti the surface. 
We cannot exBcct, then, llmt the sum** mnteriaU, hewn and 
plATCHi in n budding, will more suedes a fully withstand similar 
milticncei)* All, howevert are not open to the Ranie amount of 
aeslnlction, and the selection of the most enduring is possible. 
Sandstones are niet 'with, as we have already seen, in almost 
erery Htmtvim, but rery few of them nre of any value for eon- 
»tniotio!ial purposes. Sandstone in everj^ ease conwi.-^ts of larger 
tir smflller particles of Hiliea or Hint, held together either by 
mere aggregation, by calcareous cement, or by oiide or c*af- 
bcmat^ of iron, and sometimes by sUicious cement; the last- 
named are always tlie beat and most indestructible. The most 
homo^eneoua examples should be selected, nnd those free from 
\itm. Sandstones, nowevert do not generally commend thetn- 
fclTca for endurinjy mialities ; but o<*casionaily cxnniplcs havo 
been employed that nave stood the test of centuries and re- 
mained uninjured. At the time when the Houses of Parliament 
Were about to be erected, a committee was apwnnted to decide 
upon the most useful and lasting atone to ouikl them with, 
and the prominent buildings of this country were examined as 
io their state of preservation and the lentith of time which had 
rlap^^cd since their erection. Uf the Ilth century. Chepstow 
Castle, partly built of old red sandstone, is derom posed; Dur- 
ham Castle the iwinte ; Fountains Abbey and Kirkstall Abbey, 
both much decomfKifled; nod the only 11 Ih century work men- 
iioiied a:s being built of sandstone, wbicli is still sound, is Rich- 
Itiand Castle, eren the mouldings and carvings of which are 
iaid to be in a perfect stat**. The examination was conducted 
through the prominent buildings o( the I'^ith. 13th, 14th, 15th, 
And 16th centTlries* and the result was not sutficieutly satisfac- 
tory to induce the oommitteo to recotUmend sandfttone for its 
durabibty. 

The sandstones used at the present time are better than those 
xirmi^rly employed. The Craigleitb sandstone, from the ear- 
JOniferoUs forniation in the vicinity of Kdinburgh, is the most 
P^tisfactoryt as it contains UW per cent, of ftilica, and only about 
1 per cent, of carbonate of lime. The sandstones from the 
MUlstone Gfit of Yorkshire are Rood, and where used have 
ULaied for centuries. A vefy hard and lasting stone (if Ti^ell se-» 
lected and used in dry places) is the firt^stonc from the Greensaud 
Koeka, In the neigh hour htx>d c*f (iodstone and iSutfleld many 
buildings are constructed of it, and appear to last well. The 
WiTne quarry, bontever, often yields various qualities of stone- 
Patteson Court, Nutfield. the residence of Mr. Norman Wilkin- 
■on* is built of this stone from a quarry on the pn>perti% The 
6hlcr prirtion of the house is in perfect condition : the more 
recent, aUhounh built of stone from the same c|uarr)% is flaking 
^ and crumbling away rapiflly. The sandstones from the 

ealden furmaiitmt n<"»twit]istan<ling some of them fippear v<'ry 

r*U 80««n crumble to pieces^ and should on no account be used 
for any building intended to last. This stone has little or no 
cementing material in it, urth*ss (as in some cases) carbonate of 
iron, which would be better absent. Sandstone mrty sometimes 
be employed in situations where moi.sture is the rule, when in 
expose<l J>laces it woukl be liabli* to deiitruction by the atmos- 
pheret In selecting sandstone for building, and, indeed, any 
atxjnc, it is well to obserre m any adjacent quarry how the un* 
diftiurbed surfaces have behaved themselves un exposure to tbe 
Ireather. Experience must of cour^ decide, for nmny sand- 
jlkmes that are soft in the quarry (when newly cut) liecome hard 
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HM&d very gixnl afterwards. Limestones for building purnose? 

^HlDay Iw "elassiiicd as Portland and Eath oolit^-s, magncsian lime- 
fitone from the Permian formation, and the various Ciirlwnates 
of lime, such as marblrst. Foremost uf all stands the Portland 
Ulnne for colour, durability, and ease of worlcing, but not for 
east. Kvefi this stone must be carefully .leb-eted. Many beds of 
jttone are found in Portland, not all oJ which yield the material 
which has made tbe island famous. Tb«' l>i nt stoni- is denomi- 
tiiiled the White bed, and the terms Cap, Kerf, Roach, are applied 

* ItMd t»eft>r« the Arvkit^tiirftl AMoeUtion, l«t Jiuw. 186* 



to the remainder. The Roach beds consist of open stonet contain- 
ing the casts of numberless shells, and is used with success in 
submarine works, but they are not g(X>d for surface works. In many 
CA-ses where Portland storie has failed in London, the material 
has been obtained front the western side of the island. Theaa 
instances should warn the architect to state specifically the bed 
of stone he wishes to employ and the quarry from whence it ia 
to be obtained. St. Pauls Catbedral, Greenwich Hospital, St, 
Bartholomew's Hospital, the west towers of Westminster Abbey, 
are all built of Portland oolite and are in good condition. The 
magnesian limestone has commt-ndrd itself to architects for its 
fine colour, e^ise of working, and tolerable endurance. There is no 
building atone, however, that differs so much in quality as the 
magncsian limestone. This is well illustrated by tlie Houses of 
Parliament. In 1839 a Commission was formed tJ3 enquire what 
iVas the beat and most eniiuring stone to employ for their erec- 
tion. The geology, the chemistry, the mechanical science, the 
experience of. the country, were well represented. Hundreds 
of buildings, whose dates extended from the 10th to the present 
c<*ntury, were examined. These buildings were of sandstone 
and limestone, and careftll statistics were obtained. After 
mature deliberation, magnesian limestone wa.s selected, upon the 
strength of the fact that Southwell Church, Kottingham (built 
in the 10th century of that stone from Bolsover and MansBeld), 
B«ilsover Castle, 1629, and other edifices, had stood the test of 
centuries, And were perfect still. The opinion of the Commiasion 
\A given in the following words ;— * 

Wc feel bound to state that, for durability as sustained in Southwt^U 
Church, for cryfttallbe ehtncter, ftc, and for advantage of colour, the 
mai^nesian timeatonG, of Bolsover Moor, is tbs nlost flt to be employod 
in the proposed Houses of Parliaments 

And these gentlemen arrived at the above conclusion after well 
considering abont 3tl or 40 varieties of building stones, and ex- 
amining bundreds o^ buildings in which they were used. Stone 
from the quarries of Anston was afterwards IVjund useful when 
large blocKs were needed, at the suggestion of the late Mr. 
0, H. Smith. The Marquis of Bredalbane made the offer of 
any quantity of granite? from the neighbourhood of Oban, and 
it would seem almost a pity it was not accented. 

Twenty-two years have eUpsed since tne selection of stone 
from Bolsot^er Moor atnd its neighbourhood \ and then it became 
necessary to inquire into tlic cause of the decay of the st«:)ne of 
which tne Houses of Parliament were built. The evidence 
shewed that Southwell Minster, upon the perfect stiite of which 
so much reliance had been placed, was not built of Bolsover 
stoncr but of Mansfield stone. Large quantities of stx^ne were 
used from Anston because large blncks were more eflsily ob- 
tained. Care was not taken to select particular beds ; the 
softest stone was sometimes wittingly selected because it was 
easier to work ; and suflicient importance was not given to the 
employment of the best stone in positions where damp and rain- 
drip were stire to exercise tiieir oanefid influence, in combina- 
tion with tlie chemical disintegrators of ft Jjontlon atmosphere. 

Most of the evil might have been obviated if a competent 
person had been employed to examine every block of stone sent 
from tbe quarries. Such a man was Mr. C. H. Smith, and £150 
a year was otTered to him for the work, — a paltry sum, indeed ; 
but he was willing to undertake the work. ^Vhen ready to 
commence he inquired who was to pay him ; and as the architect 
said the Government would, ana the Government said the 
architect ought, Mr. Smith, seeing no prospect of remuneration, 
did nothing further in the matter. No onn was appointed, and 
of course the oflice uf inspector was neglected. 

Anston stone has stood well in the Geological Museum, 
Jerrayn Street, but very bftdly in the Hall in Lincoln> Inn, 
both built at the same time, from tbe same quarry. The 
evidence of xMr. Gri ssell proved that in the latter building, the 
foreman unchecked deliberateU' selected ihe softest stone; hence 
the decay. In the former. Sir H- De la Beche selected tlie 
stone himself. You will perhaps say the failure of the geolo- 
gists, chemists, <fec., to select dumbh* stone, militates against 
my theory of the usefulness of such knowledge as they pos- 
sessed, but the mistakes of oUr forefathers are our lesson books, 
and no more instructive commeut on the question we ar<! 
discussing can possibly be obtained than the Blue Books of 
1839 and 1861, containing all that is knoiiiii or can be said upon 
the subject. The cominittee of 1861 elicited the following 
statement from three chemista, Hofiin&ii, Franklin, and Abeh 
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who were appomtod to examine into tbt^ reason of the cl(*cay of 
builtling stones, and it in no iutert^stiiig that I think I shall Im3 
pardoned if I ^ve it entire. 

Hegtrdcd from a purely chemicftl point of view, the diflrpretjcc in the 
Tefristing power to corrosive ajrents of different etones, woiild appear at 
first »igbt to depend entirely upon iheir chumical coraposUion ; but even 
II moderate acquaititanciT with the properties of the components of such 
huDding-BtODi's demonstnttes that thero are othi^r conditions at leaet 
equally infitrutDcntal in determining the degreo ot permanence of 
different stones. 

It is a well-established fact, that the tame chemical substance exhibitSi 
in different conditions, a gnat varialiim in its beliuviour with chemical 
agenta. Numerous exaniplos might be quoted in illustration of this, 
Thu8| marbk and chalk are themically identical, but, owing to the 
differertoe in their physical strutture, the ono bting crjstallinc and the 
other amorijhous, the former is much Irsa readily acted upon hy aeids 
than the latter, ^gain, artifioial peroxide of iron is rt?ndily soluble in 
acids; peroxide ot irnn, in the form of biematite, ia attacked with 
difficulty by acids ; and the earae oiide, after exposure to a pr»werful 
heat, is almost entirely insoluble in atid». The influf nee of aggregattori 
in these instanees, and in numerous others which might be quoted, is 
obvious and generally admitted by chemista, however d liferent and itn- 
perfiM't may be their viewg regording the connexion tietween physical 
condition and chemical effect. 

The observations just made regarding the hehaviour of substances, 
tueh aa enter into the composition of buiMing-stoDfS, cannot but apply 
with equal force to the aggregattra of such componvntt— to tht building- 
atone b themselves. 

The atmoispberio influences to which building- stones are subject are 
many of tbf'm essentially chemical actiona. involving processes analogous 
to or identical with those performed in the Lboratory, although, from 
the extreme diluti>m nf the chemical agents, as existing in the atmosphere^ 
they must necessaiily he of a very griidnnl character 

There are few instanees in which the iuHuenee cf the state of apgregatioii 
upon tJie permanenee of a buihliTig-Blone la more apparent than in that 
of the dolomitic limestone^ used in the construction of the new ITouaea 
of Parliament. Here, in one and the ?ame block of atone of comparatiTely 
amall dimensions, wo find certain portions of the surface powerfully 
ctisintegrated, while others appear in a perftclly sound condition. 
Chemic.nl aoalygis has hilherto failed to eslaMish any important difference 
in the composition of sound portions of such stoneSi and those parts 
whi< h are subj* ct to decay ; it is thtrefofo legitimate to attribute the 
unequal permanence of the atone, under atmofpheric influences, to such 
structural difftrcnces as may bo comprehended under the term—itate of 
aggregtition. 

Before p^oce^;dill| to an examination of the particular character of the 
decay observed in the stoms of the New Houses of Parliament, it may 
perhap* be desirable to glance at the nature of the changes to whiuh 
buildifig'Stones generally are subject under atmosipheric influencea. 
Under normal conditionH these changes must be ascribed to the action of 
the oxygen, carbonic acid^ nitric acid and water in the atmosphere. In 
the air of towns, however, there are certain other constituents, such as 
sevend mids of sulphur, and occasionally hydrochloric acid, which 
cannii^t fail to exert an additional disintegrating iofluence upon 
bmlding-stoneH. 

The action of oxygen must be of comparatively a subordinate 
chnrjicttr, its effects being confined to constituents which occur but 
rarely, and generally in limited proportions in huilding^stones; such as 
the sulpbides of iron, and the protoxides of iron and manganese ; these 
compounds, being very prone tn oxidation, would tend lo dtftintograte 
the stones by the absorption of ox> gen. Of far greater iuiportance are 
the effects of carbonic acid and water.. Carbonic acid, in the pi »*Bence 
of water, i? a powerful ^solvent ; it not only corrodes the eakiirious and 
magnesian carbonates (more or lefjs powerfully according to iheir slate 
of aggregation), whether they form the principal constilueiiis of the 
atone, or are only present as cementing materials, but is caprdde even of 
aUaching and gradually decomposing the hardest and most indestrucLible 
focki. 

In Ibe case of the calcareous and magnesian constituent^ of stones, 
oarhouio acid acta by tmnafctrming the insoluble earthy carbonates itito 
soluble bi -carbonates, which arc thus removed from ihe substunoe of the 
stone ; whilst iia ln0ucnce on silicioua rocks oonsists in the elimination 
of the alkaline baaes, in the lorm of carbonates, and the separation of 
the silica in a more or less friable condition. The weatbeiing of granites, 
and their gradual tranfiformation into the several varieties of porcelain 
clay, affords an interestitig illustration of the latter kind of action. In 
the changes just mentioned, the carbonic acid and water are equally 
coneemed ; the water servmg not only as a vehicle f'lr the introdui<tiuu 
of the tarhonic acid into the pores of the stones, but also as n stdytnt 
for the products M its action. There are changes, however, to which 
building- stones are subject, lu which water is the sole agent, and which 
are more of a mcchanital ihan of a chcnjical character. The expansion 
which water undrrcoes on frecjjing, and the irrcsi. -^11110 force which it 
then exerts ore well known ; it is obvious thut water freezing within 
Ihe pores of a stone mu^t excrcis« a disintegrating action not leas 
9Mr0r/aJ thma tJtoae atfove refenvd to. 
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Peeent resparchos have demonstrated that nitric acid is a frequent and 
perhaps even a normal constituent of the atmosphere, and, as auch, musl 
undoubtedly as-oist in the destroction of magnesian and calcareous stones ;j^H 
but the proportions in which ttii-» acid has been found, bre so minute^ ^H 
hat it need not Iw dwelt upon a* an important destructive agent, This^^^* 
emark, however, does not apply to the acids referred to above, as 
existing in the atmosphere of towns. The quantity of sulphur-acids ia 
the air of towns, where a consi<leiiible amount of coal is aonsumrd, iia 
quite appreciable. According to tlie deterKjinations uf Dr. Angu^ Smith J 
the air *.f Manchester contains an aveiagv proportion, corresiKjnding %o^ 
one part of sulphuric acid in every 100.000 purts of air^ which in iha ^ 
centre ol the town, rises to 25 parts in 100,000. No num*'nral dat* 
exist with regard to the proportion of s^ulphur^acids in the KundoQ 
atmosphere, but it can scnrcely bo doubted that, in tht* neigh bmrhotid *. 
the New UouHrs of Parliament, Ihf^y are present to an extent etjual 
the average amoiiTit found in the Manchester air j they must, tiiereftir 
bn Tegartied as aniHug the more important agents destructive to 
which arc present in the Ijondon atmosphero. 

A few ohst n-ations remain to be offered regarding the partieula 
nature of the decay raanift'sting itself in some of the stone ol the ncwl 
Hou.ses of Parliament. It has already been pointed out that, so far a 
our experience goes, we are inclined to attribute the local tharactrr ( 
the decay to structural differences, obtaining in different parta of tbdlj 
stone. 1*be general siract^rtj and the composition of the stone in 
new Honacs of Parliament render it moreover amenable to all 
sounds of disintegration which we have above enumersted, with iht ' 
exceplion pcrhafM of oxygen, which oan scarcely produce any appreciablo 
alteration in dolomite. Thus, the chemical action of carbonic and . 
sulphuric acids, in o<:>mbjnation with water, will gradually diaaolva i 
remove the carbonates of lime and magnesia, whilst the porous natJ 
of the stone renders it liable to the mechanical eff<*ct8 of water under 1 
induenc^ of frost The presence of sulphunc m td in the air of towai 1 
apprars, in the case ot magnesian limestone, to bring into plaj anotlur 
prnre^s of dcstrui tion* This acid not only corrodes and rendefa aolnblii, 
as we have pointed out^ the earthy carbonates (in which 
reseinbles carbonic acids in its effects) but, forming with n 

readily cTystaUiKable salt, the well-known sulphate of 

remarkable for ilie large proportion of water of cryibtailiaation wbleb i 
fixes, it gives rifie, in addition, to a mecbanical destruction of tba i 
precisely similar to that produced by freexing walA?r. Tha po»i^ 
mechanical efftots resulting from the solidification of water, indiMi^ 
crystallization, are well known, although it would appear that theyl 
not hitherto been sufBcientty appreeiated as auxiliaries in the pr^^iesiS i4 
disintegration of stono. The analogy between the solidification of water^ 
by freezing and by crystal liaatton, is perfectly obvious, and a Fraasii^ 
chemist has suggested, as a means of recognising stones Kabia K'i 
disintegration by frost, to immerse them in a solution of sulphate oftodiw 
and to note the subsequent vtfecta ot U» crystallization within the BUauh 

We have ourselves recently bad occasion to observe aome phcnois«lil 
which go far to .elucidate these destructive effects of crysuilbaatloa. 
The exfoliations exhibited by many of the fictile vases deposiiiMj in tha^ 
Ijritish Museum were found -to be due to the formation and cryi^tallUj^ 
zation, within the subirtance of the vessels, of nitrate of lime. Again, t 
exptrimenta on the preservation of fabrics by impregnation willi salia 
sukituuces, it was found that the crystallixutioQ of sulphate uf masnciyij 
within the material, produced a disintegrating effect upon the fibfcs, 
sufficient greatly to weaken the material. 

In conclusion, we would remark, that the effect atlrihtited to lJia_ 
crystallisation of the sulphate of magnesia, in assisting the d^siaj ( 
dolomitic stones, and more particularly of those used in the oonslruttt« 
oftVujNew Houses of ParliatUL'nt, is home out by tlie existence of ( 
marked efflurcftcencc of sulphate of magnesia upon those purtiona of l" 
atone wbtre exfoliation has taken place. 

We have, &e, 

A. W. HoFlfASK^ 

E. FjiAJiai^^Mj. 

F. A. A Mai.. 
TCu morons proresacs hare been pftt<*nted, and some hare 1 

tried, for dothiDg stone buildings with n siJicious ooftting, «o j 
to exclude the at'tiim of nioiHturt^, the themieal actiofu of 1' 
atmosphere, and tlie nieckanical action of frost ; but none, 
believe, have qiiitje equalled the exptetatiotis of their iiiv<? 
I will not enter into the merits of any of tliese prooeaaMi* i 
they do not Ktrictly bcdong to my subject. 

The action of frost upon stone may he tllustratrd hy 
method employed by the ijuarrynien oi the I^'orth. Instead < 
usin^ the powder tor blasting (a certain qu&ntitj of whiciL ] 
served tiut to them) in atitieipation of a frost they cut vh 
in the stone to he detuehed. and fill them with water in tlit 
eveninj?, and generally the expansion of the water in the act of 
congehitiuu effecLs the purpose. 

A point, the importunee of which is too oflen ij^^ared ao4 
negleet4*d in the emploT>Tiieut of stone for building, i% thai 
ol' placinj^ each stone uiR>n itj* natural bed. All rocks haw 
been deposited either grain by gniin or layer by Uyer. 
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in quite oertain, then, that force npplinl to them will act 
more readily on the plane of 'Strati fiofi turn tlmn upon tlif trans* 
verse section. If stones of no ^reat adhesion in tlieir par- 
ticles be built into an edifiee on end, it is equally clear that irost 
will aet upon thetn* detaching layer by layer niore readily than 
if the ends only of the Itiyers were exposed to its aetion. There 
•re numerous examples m Oxford of the carelessness shewn in 
tliia particular, and by the sniall-poxcd aspect of several biuldin^a 
we are warned to use as much circumspect ion as pot^Hihle in tins 
respect, to preTcnt similar results in (he present rlny. 

T-» obtain a complete knowledge of the avuilable bmldlng 
- uf the British Inles js easy. At the Museum of PrarticAl 
■'^y in Jermyn- street, there are rubes of nearly" all the stones 
tiirti have been used in budding the principal edifices in the 
kingdom in paJ«t and present times. Those who wish to see how 
the varictiea of stone may be employed for architectuml purposes 
should visit the Oxford Museunu Frotessor Philips thua 
describes the stones of which the building is composed ; he aays — 

Thoitgh the stono <]f whicrh tfae Museum ia hyilt, aad the marbles 
trliicli are cnjployed in the internal dtTOration^ ean hanily lio regtirded 
•s a pmrt of the collection of rocka, they must bet included among Lhe 
objects to which the btudentof geology should devote »ome attention; 
waA were indeed in part selected for the purpose of addiag to the illuatra- 
tioDi of that science. 

Senile varietj of colour in the frnnt of the hiulding was desired by the 
arthiteot ; and in the interior one hundred and twenty-at'ven polished 
shafts, wbiih tho structure required, gave opportunity for irxbibiting a 
specimen of almost crery kind of British marble. 

The wall-stone for the exterior of the buildiog was obtained chiefly 
from ibe qmuriea in the Great Oolite Rt Box, near Bath : ir is virieti by 
red eandsloot* from Bristol, and msrlstone of a green tint from llurnton. 
The cornice round the tower is of Irish mountain limestone. In the 
«rch of the porch, red Irish limefltonc, preen marUrorie of llomton, and 
white Italian murble, are employed. Slabs of Portland stone have been 
plaotiid in the spandrils for carving. 

In the interior, brick is used in the lower colonnade, and in the walls 
of the court, the arobes of which contain red sandstone fmtii Bristol, and 
m eoEoewbat softer stone, of paler tint, from Coventry. The court is 
pared with yellow and red stone from Mansfieldi and grey stone from 
tlie Forest of DesTi. The shafUto the arches of the corridors are formed of 
^BTieties of English, Welsh, Beottivh, lri?h and Jersey rocks. The bases of 
•11 tho shafts, and the capitals of those in the lower corridori are of Caen 
■lone. The sculpture of the capitals and corbels is intoi ded to repre- 
sent examples of the print i pal n at ti ml oi-dera of plants: the ornamental 
earring on the bases is taken from BriLiali plants. 

Geology and architecture have here united to prodtice mucli 
to admire artistically, and more, if possible, to educate to a just 
appreciation of the combined power of art «nd science. 

A knowledge of geology will he found useful to ibe architect 
when called upon to suggest places in which to sink wella. The 
site of buildings in the country often dependi? up<tn the ease with 
which a supply of water eanhc obtained. Numberless arc the 
rases in which neglect in this particular has caused great in eon - 
Tcnience and oiitlay. What is the meaning of a spring ? It \9 
rain water that has found its wny into the permcabW strata of 
the earth, and by some impediment . as a fault in the strale- 
fieation, a thiuniugout of the wnter-beariiig seam, or the basin- 
like form of some of the depo.'^itiona has been pent up, as it were, 
and wherever a fissure or vent, either naturally or artifieially 
produced is made, the water bursts forth. Wclbs are of several 
kiiid.^, all depending, however, upon the relative position of the 
strata from whence they proceed. ThuSt if we have an inelined 
stratum of impervious clay, over which there is a deposit of sand- 
aandatone or porous Ibnestone, and then again a bed of clay, nature 
ha^ provided a main that haa only to be tap]>ed to produce a 
•opply, comtncnsurate with its si^e and tlie level at which it is 
tap}>ed. If B^ain this main in one spot or other ha« slipped 
down, producinjr what is technically called a fault, that is to say. 
when ttie porous bed is stopped l>y the juxtaposition of one of 
the clay beda, we have a reserriort and, m this case, the water 
"will rise through any anerttire in the superincumbent mass till 
It acquires the level oi the highest unobstructed part of tho 
^at^r- bearing seam. 

Artesian wells, so called from Artois in France (where at one 
time great enecess attended the method i>f procuring a water 
•upply),have much to recommend them. The rationale of their 
mction is simple. Let us take London iind the neighbourhood. 
In a depression in tho chalk of a Imsin-like form are deposited 
ftlU'mating beds of sandt fjravel, and clay. Water falling on the 
upturned edges of the more porous of these fills them, out the 



water cannot escape to reach its own levels for the clay above 
retains it. In the Artesian well this stratum of clay is tapped, 
and by a small opening, the water eagerly rises till it finds the 
level of the whole supply in that one porous stratum. Sometimes 
when a large supply of water is required the boring is continued 
through all the ti.'rtiary beds till the chalk is reached, and here, 
from the enormous area of chalk exposed to the rain fall, a per- 
manent yield of water may be relied on. 

One well at Ij<41ers, in France, sunk in 1120, has yielded the 
same quantity 'd" water imremittingly. In 1833^ at G-renoble, a 
well was iiimii to supply Pari.H with water, and at IStXJ t\?et from 
the surface a supi>ly wa.s reached yielding nearly one mQlsoDi 
gallons p>er diem, the first rush of water rising 124} feet above 
the surface. 

The Artesian wells in London and its vicinity are numeroTM* 
and Tiiry from 200 to 500 feet in depth. To attempt (as has been 
done) to make these borings without a knowledge of thegeologr 
of the district will nearly always resiUt in, disappointment and 
him en t abl e fn il ure . 

Home beds having a free egress at their lowest extremities, 
instead of yi^^ding water, aet as mere drains, and sometimes 
carry off vmnt can ill be spared. A case occttrred some few 
years since which will illustrate this. A gentleman, encouraged 
W the 8ticces.s of a neighboTir, sunk a weD in his ^arden» and 
ootained but a moderate supply of water, and this not per- 
manent. He had reached a stratum of stiff cky on which 
rested a thin bed of sand. Determined to seek a larger spring 
he sunk his well at considerable cost through the clay. You 
may conceive his dismay, when, at one hundred WvU he dis- 
covered that he had lost his first spring and had not gained a 
second. Why P Because he had TirtiiaUy made a hole in the 
bottom of his well and drained it into a stratum of sand thirsting 
for all the water it could get. The operation of draining wet 
lands has ofti^n been facilitated by the appUcation of this fact in 
geology, and thereby the cost of conveyance through pipes to 
a distance has been saved. 

On th(» importance of geology, in ascertaining the positions 
in which water will most likely be met with in the strata of th© 
earthy General Portlock remarks — " If we were in a country in 
which we desired to know whether it would be possible to find 
water» our geological knowledge of stratification would enable 
us to predict that after ix^netrating a certain portion of poroua 
strata, we shoidd Iind a oed of clay retaining water, and hence 
that, by artesian boring we shoidd procure it ; but, if on the 
other hand, we knew that there was nothing but a great mas* 
of sand, and we were not aware that there was any clayey or 
other stratum capable of holding up the water we suoulcl know 
that it would be useless under such circumstances to seek for 
it. In like manner, we should not look for water in granitio 
rocks. I recollect an instance myself at Fort Henry, in Upper 
Canada, where there was a great desire to sink n weU in the 
fort, llesort was had to that old expedient of which perhaps 
all have heard, the turning stick and the kno^-ing man, having 
held his stick in his hand of course it turned round, and at tho 
place to which it pointed it was assumed water would be found. 
The authorities were so deeply impressed with the accuracy and 
certainty of this mode of discovering the presence of water, that 
orders were given to sink the well. This was in a solid mass of 
granite. The difiiculties were great and the expense enoiTnous ; 
but who could duubt the infallibility of the stick ? Hence, 
not certainly wisely, though energetically, the attempt was 
persevered m till it became absolutely necessary to stop, an 
instance which will show you how important it is to have some 
little notion of the principles of the science." 

Serious evils have arisen for the want of careful geological 
mvestigation in the proper disposal of cesspits and cesspools* 
Should a well and a cesspool each be sunk in the same stratum, 
and the cesspool occupy the higher part of that stratum, it is 
ea«y to see that the well must stifler. But you say, wo take 
care that the cesspool is at a distance and not so deep as the 
well. Such precautions avail nothing very often, for the thin 
water-bearing beds sometimes occupy various levels even in a 
f^mall area, I know that such pits and pools are supposed to be 
n^ade water-tight, but are they always so P I>o they always keen 
so ? This is a question of vi^tal importance in a country visited 
l>y pestilence, the predisposing causes of which are bad water 
and bad air. In making cuttings, digging wells, or in any 
other operation aiPeeting water-bearing beds, it is necegsary 
to sec that in looking to your own interests you do not damage 
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i&ose of yOTir neighbour. Many litigations and serious losses 
have ariscD from a want of the knowledge of geology in such 
c&sen. One example will sufficiently illustrate tliis. ** In 
]84d, tlie Lcoda and Tkirsk Railway Company projected 
a tunnel through the Bramhope Hills, from wliieli issue the 
springs and streams that partly supply the Eceup llt^servoir, 
belonging to the Leeds Waterworks Compaoy. In 1846, 
Mr. Curley, a civd engineer and also a geologist, was instruetud 
hj the water company to inakf a model of tk^ cU strict, for the 
purpose of ill us trating the geologieal and engineering evidence 
required in opposing the railway oiil before the committees of 
both Houses of Parliament, and by M'hieh they succeeded m 
getting a clause introduced for eonipensating tiie water com- 
pany for any loss of wat<»r they should sui«tain through the 
tiailway works. The strata arc part of the Millstone Grit 
formation. There ts a porous bed and another impervious to 
ItTiter. The rain therefore falhng on the hills, pas^^es throuj^h 
untd it reaches the impervious bed, along the top of which it 
flows and ii^siies at tbe outerop in springs which supply the 
reservoir. The porous bed being cut through by the radway 
works, the water was int-ercepted and carried into the liuinel, 
drying up the springs, as had been predicted by Mr. Curley, 
Tla> pumping of the water alone out of tlie tumn'l during its 
couiitruction cost the contractor nearly as much aa all the other 
works connected with it put together. Tbus, the water corn- 
jmny, by eniploving the aid of geologv, wa.s saved from u severe 
loss, wlidst botn the contractor for the tunnel and the railway 
company, by ignoring that aid* incurred heavy- expenses/' 

A knowledge of geology will enabk* the arcliiteet to determine 
if the soil on which he intends to biidd wdl give a gr>od fbundn- 
tionornot. Captain Halt on, from whum I have just quot^Hl, 
speaks of the case of Fort Elson, at Portsmouth, as follows: — 
*' During the construction of Fort Klson. at Portsnioulh, part of 
the escarp wall subsided, and slipjied forwards, the clay being 
squeezed up in frtJUt of it, as ts sho\^Ti in the diagram. This 
was o\^ing to its Imvihg been built upon the London clay. The 
treacherous nature of this clay, and its greftt tendency to slip 
and he squeezed out when any weight i» put upon it, in i^ell 
knoT^Tx to gtHjlogists. and 1 may add, to fail way director* and 
enffinecrs, the cuttings in it being always a source of trouble 
and expense. When the South Eastern B^dway was first made 
the slips in the cuttings through this formation were so great as 
occasionally to stop up the line ; and even now the vibration 
produced by the passage of trains often causes slides to take 
pl&ee* or loosens portions in sueh a way that the next shov^er 
Drings them down* If then the weight alone of the fort, and 
that even before it was finished, was sufficient to make the 
foundations give way, what miglit we exiject to have happen»id 
after a day*s heavy firing from it, and after a battering from the 
enemy's guns P Frec^iutioas have now been taken against these 
ae^iidenta ; but, if the knowledge of geologists on tbe subject 
had been used, the expense of pulling down the sunken portiou 
of the wall and repairing it would have been saved.'* 

In finding limestone wherewith to make cement, aand for 
mortar, slates for roofings &c., geology will be found to nmder 
material assistance^ Wben the inlana fortifications were being 
constructed for ttie defence of Portsmouth, cement was wanted 
for tke construction of the new forts. This cement was made 
from nodules of calcareous clay cnlled septaria, which come 
ariginaUy out of the London clay; but at Harvrieh, from 
irhence the principal supply is obtained, they have been washed 
out of the cliiy and are dredged up in large quantities from the 
sea. Now the (oris at Portsmouth are built on the same 
London clay in which these septaria are found; but. in ignorance 
of their nature, they were actually broken un to miMid tke 
roads, whdc others were brought by rail to make cement. At 
Torry Foot, near Aberdeen, & case was given me by the Itev. 
James Crombie, author of '* the Geology of Brtemar, relative to 
the nec^jssity of geological inquiry where building materials are 
wanted. In the erection of the fortress of Torry F*oot, near 
Aberdeen, instead of taking gravel from the neighbourhood, 
sand for mortar was taken trom the sea-shore, quite saturated 
with salt. The consequence was tliat, when frost set in or the 
guns were fired, it trickled down from between the blocks of 
gitLnite hke the sand in un kour-^kss. 

Hoitd materials especially call lor the knowledge of the science 
we aje discussing, to ascertain the fitness or the reverse of the 
adjacent rocks for the purpose. Geok>gy having determined the 
ftrattuo upaD which the road is to be carried, the material 



wherewith to metal it must be sought. Tough « tones are 

fircferable to hard ones, fiint is hard and easily broken, some 
iinestone is tough but soft, chert which is a kind of flint, ill 
botb tough and hard. Granite and many of the early roekil 
make excellent roads* but their selection reouires f^reat care.1 
Syenite is often the very he^i metalling a roaa can have, but ill 
not everywhere to be Imd. Tke materials used in the con-^| 
struction of the road in the Crimea from Balaclava to the front, 
were what-evcr haptJened to be nearest. These from th 
harbour to the top ot the plateau were oolitic limestones and 
sandstones, and all the rest of the way soft tertiary rockt 
Now the whole of these, with the exception of a hard cry ?§ tali iiK 
limestone in the fiolitic series, are very inferior materials foi 
roads, and when tkere is muck keavy traffic, as was the case ii 
the Crimea^ are sure to be soon ground down into mud. Bui 
tbe beach outside tbe harbour of Balaclava is composed arl 
compact greenstone, the very best road-making material known ; 
so milek so, tliat large qilantities of it are brought frctra the 
Channel Islands for the streets of Loildon ; and if a gt^logirtil 
survey of tke country had been made this must have been fotind, 
and a good military road wo til d in all probabdity have been 
with it. The instance I linve quoted skews the %mlue of a i 
knowledge of geology to the engineer, T might, were it ne- 
cessary, multiply cases in which geology if pressed into till 
service of tke architect, would amply rei^ay him the time spent^ 
on its study, 

I hojje that the little insight I have given yon of tHi* acienei 
in its Application to architecture may beget a desnre to din 
dee[x*rinto and learn more of a study that cannot tail to interrti 
all who pursue it. A little knowledge of gecilogy will not 
bi' found a dangeroUSr but a Yery useful thing to tile modefftj 
architect. 



THE TELEGRAPHIC SYSTEM. 

On the first day in the present year great reductions 
made in tke telegri4j)hic tariflT between various atates of ih§ 
continent, and the Journal dsi DibdU has seieed the oeouioa 
to skoiv how wide-spread the system kas become, and wbat 
means of communication now exist m Europe and between that 
and other psns of the world. It appears that on the 1st of 
January there existed nenrly seven thousand telegrophie officii 
in Knrope. Tivo lines connected Europe and Atnca. one goit^ 
from Marsala, in Sicily, to Biserta, in Tunis, and being in con- 
nection through the lines in the ktter country witli Algeria; the 
other line extends from Malta to Bengd2hi, in Tripoli, and is thea 
continued to Alexandria, in Egypt* by a cable which Tuns along 
the coast. This second line was intended to make part of the 
great one to India, but the difBculty of preiiervtaga cable on the 
coral reefs of the Arabian gulf made it necessary to seek another 
course J its use is therefore limited to communication between 
Europe and Egypt^ Tke kst named country is also connected 
with Europe, as well as with Asia» by a line which traverses Syria, 
touching at Jerusalem, Aleppo, Tripoli, Beyrout, crossing the 
Boapliorus, and joining the lines of Turkey, in Europe. 

Diapatchea for India may be sent by two rentes. The first it 
by means of the Itahan lines, the cable which connects OUmnlo 
and Vallona, and the hues of Turkey, in Europe and Aii*. «id 
reaebing toBassota on the Persian Gulf it theu passes by means of 
cable submerged along the coast aa of that gulf and ot the gnlT^of 
Oman, and is connected with Indian lines at Kurrachee. 
second route is by way of Russia, the Caucasus, and Persaa. 
B^sAora. The Indian telegraphs possess one hundred and si 
onp ^tations, and the island of Ceylon four, 

Dijipatchcs for Ckina are now sent by way of Russia, and ai« 
transmitted tkrough tke lines of Russia proper and Siberia to^ 
the Tartar frontier town of K^iachta. From tni» point tUey «W' 
carried by the Chinese post to Pekiiii a journey which ocetaplsi 
fifteen days. 

America is not yet brought into telegraphic relations 
Europe, but Russia and Araerica are conjointly at worii 
establisking a line by way of Siberia and Bekring's Straits 
third attempt to lay the great transatlantic cable, as is well kno^ 
is now occupying the attention of tke w hole world ; and anoti 
hue. long projected, tliat of M. Baled rini, is expected to be c 
ried out shortly, through the eo-operation of several eontj^entaf 
states with the United States Goyernmcnti or an Americaa looi* 
pany. 
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INSTITUTION OF CIVIL ENGINEERS OF • 
IRELAND. 

PaEsiDENT*8 Address. 
(Concludtd Jrom pftge 193.) 

Among the vast works re*ientl j executed or being proceeded 
with at bomei the main drainage of London and the Thamrs 
embankment stand prominently forward ; the former bi^yond all 
precedent the noblt\st, and so far most suceesHfiil work of 
munieipal sewerage ever produced ; for antiquarian rubbish an 
to the cloaca? of ancifnt Home seems to rest on no foimdation of 
rt^alitj, and from personal examination I caij state my own view 
to be tliat the so-called Cloaca maxima was never intended for 
a »ewer at all. 

The water of the Thames already be^ns to sparkle under 
eren iU partial defecation. There is good ground for wishing 
that the outfalls, however, were removed farther down the river, 
and the Essex sewage project of Messrs. Bate man and Kcmans, 
if carried out^ will be attended with that advantageous result as 
respecti the greater portion of the discharge from the northern 
sewers. 

Like projects are mooted for the south side of the Thames, 

and it may he said that in all probability the fuial completion, 

under the able conduct of Mr. Bazalgette, of the whole main 

I drainage sj^st^m, will not tardily result in vast improvements 

k And extensions of the methods ot distrihuling sewagt^ as manure 

Plover large tracts of arable and pasture land, to be ultimately 

■ followed by the general defecation of our rivers and streams all 

orer the cofmtry, aad the utili;5ution of the manure now 

poisioning them as water sources. 

The Thames embankment, which now shows itself abo^e 
water in several places, is remarkable, not by magnitude alone, 
but by the rapidity wliiehhas been eonferred upon its execution, 
lij the most extensive and complete system of contractor's steam 
plant ever before applied u]ion any work. Scores of small and 
nuoreable engines, applied to Itoisting, leadingi dredging, 
pumping, mortar and concrete mixing, and numerous other 
purposes, have here reduced the work of years* if done by 
manual labour, to that of a few months. 

The employment of wrought-iron caissons for sinking to, or 
for obtaining foundations, have here, as well as at several of 
CUP new bridges on the Thames, and more particularly in the 
two bridges at Black friars, under the direction of Mr. Joseph 
Cubitt, proved of the most inestimable service as methods of 
conBtruetion in water. 

In strata anah>gous to the London clay, where* beds of stones 
or boulders are unknown, the probability is that the experience 
of the last two years iias iiTially put an end to the old lV>rni of 

» coffer-dam for pier foundations, but where pervious* unequal, 
^Pmd atony strata are encountered, the double row of timber or 
of iron piling will no doubt continue in use. 

Besides the Westminster new bridge, the work of Mr. Page, 
and beyond question, as measured by capaciousness and con- 
venience, botli for water ])assage anJ for trafiic, the linest nf 
existing London bridges, the Thames has but recently been 
spanned by the Charing Cross and the New Cannon Street 
railway bridges, both of iron, and both founded cm cylindrteal 
hollow pile piers, and also by the fine railway bridge by Mr. 
Baker at Putney, and a new struettire le:iding to the Victoria 
atatioD is in progress at Battersea. In the form of suspension 
bridges it has accepted the Lambeth Bridge, ctmspicuous bv its 
ugUnesSt though said to be, like a plain but well dowered bridge, 
in a financial point of view a success; and another, on the 
peculiar stilfened construction of Mr. Ordish, has been projected 
at Battersea, 

The rivers of the Continent have within a few years pa^t 
been erost»ed by many bridges for railway or for road tratlir, 
embracing some of tne nublcst strui-tures of tlie sort in the 
world. Among these may be specinOy noticed the railway 
hirtiec bridge of Dirschau, on the Vistuhu which connects I In* 

»-rSussi{Ln and Prussian s^^stems of ruilways, in six spans, each of 
- irhich is but thirty feet short of those of the Britamiia bridge, 
and in the construction of which the great economy residing in 
the lattice, a« contrasted with the tubular or box girder system, 
ha«i been strikingly shown. The bridge of Maintz. upon rhc 
Bhine, is a fine example of construction in tension trussing upnu 
the great scale. 



XJnon the same great river we may not pass without notice 
the Itnc bridge at Kehl and HtraslKUirg, the last great work of 
Emilf Vuigner, whose detith last year every engineer deplores. 
Nor can we omit tht* ntible railway iron bridge at Bordeaux, 
the design of which, though on a much larger scale, resembleis 
that of the Charing Cross bridge over the Thames, and of that 
over the Foyle at Londonderry, which 1ms bt'cn carried out by 
Mr. liawkshaw, in near accortlance with the dcnigns furnished 
anteriorly by myself to the Londonderry bridge commissioners. 

Among tie works or prtvjects at homo of the hour that in 
virtue of their magnitude or novelty claim a word of notice, 
may be mentioned the iron viaduct by Mr. Brunlees, now erecting 
over the historical tSolwaj^ Frith, for giving improved com- 
munication, between the English and Scottish railway .<*ystems, 
of more than a mile and quarter long, an exposed structure, the 
main lateral stabihty of which is given by its covering platform 
of buckled plates. 

In projt^et only as yet, btit likely to become accomplished 
works, we Imve the gigantic railway viaducts intended to cross 
the Frith of Fori h, and that proposed by Mr. Fowler across the 
Severn lielow Gloucester. 

Steam ferries, to carry railway trsinH unbroken across the 
Eoghsh Channel, and so to unite the Enghsh and Continental 
systems, have found projectors sanguine enough to propose 
them, and no doubt they are probabilities of the future* 

To the same distant, though probabl}^ less distant, horizon in 
time, belongs Mr. Bateman's bold project for the supply of 
Ivondon with two hundred million gallons of water per day, to 
be alistracted from another and a distant river basin, vij£.,'from 
the upper reaclu's of the river Severn, 

Second to none of these in ultimate importance to mankind, 
and in the immediate interejst wliich it justly excites, is the 
Atlantic fclegi'oph, now gntheruig its strength afresh, after a 
seeimd thdeat, tor what we hope may prove a final conquest 
over natural ditliculties. Let us observe, however, that the 
niisfortimes of the Atlantic cable cannot in any strictnoss be 
said to have been due to natural olistaelcs. They are all 
traceable to defective inHnlatii>n, arising from mnbconstruction 
in the ealile ilself; and whenever a perfcctlj^ insulated cable 
shall have been made, that without any bilches or hauUng up 
by the way shall havt* hi-ou once paid out, its being laid safely, 
and as a result the establishment of telegraphic communication 
between the old and new worlds, is a matter of almost perfect 
certainty. InipDitvements daily taking place in the handa of 
electrical engineers as to the methods of transmitting signals 
and aceelerating these greatly, give a reasonable expectation 
that when completed ibis undertaking will prove reiniinerative. 

Human ])ower over both cold and heat in their applicahons to 
the arts of industry has reeeived latch* not unimportant 
accessions. The icc-producing or freezing piwess of M. Carro 
by ammonia, of Harrison and Siebe by ether, and of Kirk by 
expanded air, have already found important applications in 
ehemieal and other manufactures, and perlmps ere long as 
retngerators for the brewer; while the methods of heating by 
gas burnt with only its exact equivab'nt of air, brought pro- 
minently and pmcticully into use in the arts by the classical 
researches and la In hits of Ebelman, have received fresh interest 
from those of Deville, who has shown that the most refmctory 
metals can be fuzed by the beat of gas furnaces ; and basi'd on 
this, and on the freedom of gas fiame fr<3m tlie impurities evolved 
from coal fuel, has pointed out api)lications to tlie metallurgy of 
iron in particular ot the highest importance — not second, indeed^ 
to the improvements made by the application of machinery to 
the puddling process, which has recently become in France and 
ill Snutb Wales an acconqjlished end. 

While thus rt*ferring to the jirogress f«f foreign technology, a 
wonl may be given to note (be irnjirovements in relation to 
puldie health eflected in pnbbc baths and lavatoriea, and in the 
lieating and ventilation of public buildings in France ; the latter 
are largely indebted to the labours of Morin, whose able work 
un the subject appeared nt Paris the year before last. Nor 
should we wholly pass the new processi's of sugar manufacture 
invented by Krsslcr, and perlected by M. Dcmiautes, by 
treatment with the acid phosphate of lime, which seems likely 
to prove of great importance. 

Having thus dwelt upon the progress and improvements* 
making in other lands, I will now reler to our engineering pro- 
gress in this country. 
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Our past president, Mr, Mull ins, haa given us an admirable 
return^ of tlie later history of civil engineering; in this country, 
extending over about two centuries. It embraces nearly alJ 
that the nracti^iug engineer need perhaps cure for, I cannot 
but wish, however, that some one yet would give us the much 
earlier history of cn^jiueering in Ireland whieh blendn into that 
of its domestic, ccclesiasticuh and military architecture. For 
notwithstanding what we owe Uy Petrie (whose recent loss wo 
sliJl regret), to Wilkinson, and others, wereniaiu in wan( of one 
to tell us, with tlie same loving zeal and earnestness that 
Yiollett le Due has given the history of the mditary architecture 
of France between the eleventh and thirteenth centurirH, who 
and what were the men who, for example, reared the perfect- 
jointed ashlar of the tower of Clunmncnoise, the quaint cloisters 
of Mnckniss, and the walls of Jerpnint ; who delicately etiiselled, 
fiix centuries ago, the limestone midlions of Howtb Abliey ; hy 
whom the gruinitig of Clare, Gal way, arid the Spanish doorways 
of the old City of the Tribes were drawn ; who designed and 
conBtructed the defiant walls and ca.stles of Lhueriek, Tredagb, 
and Carrickfergus ; whose taste decided the flowing lines of the 
palatial buiklings at Kilniallock ; who planned the many re- 
sidential fortahcea of Ehzabeth'f* reign; or later stilh who 
designed und fixed the details of Strallord's palace at ^saas, with 
its Dutch brick and coloured tiles and its brickwork, even now» 
in its tenantless ruin, the delight of the modern mason's eye. 

These would be uolde memories, gentlemen, to call up, 
though even these cannot he without occasional bitterness and 
regrets, for much even of the architectural historv of this 
country is stained with violence and bloodshed ; and wnen these 
niu.st be reh^rred to it had best be with the outspoken truth 
with which Prendergast has lately told one of its saddest stories. 
But wliile the historian or the archaeologist has occasion to refer 
to old antagonisms, and does it truthfully, for the beart- 
buruings they have left to our own day c4Ui never be repressed 
or removed by talsitication or palliation of wrong on anj side, 
let UH all now, as prnetieal and thinking men, say ot them, 
"The past is past," nor tlreani of redeeming itn crror« by flying 
into new ones ; for if our own profession, which is one with 
pr(»gre8S itself, or if any art or trade is to root and prosper in 
this land, it can bo ah>ne upon the basis of genuine tranquUhty, 
and the abandonment by every class of every chimera. 

The social circumstances of Ireland are exceptional, and 
peculiarly urd'avounible* in some respects* for the development 
of engineering or industrial works. 

No great staple manidactnre has rooted in the soil, with 
the exception of that of linen in the north. With few large 
cities or towns (which have been in the history of all countriea 
the centres from which arts and iudustrics have spread) ; almost 
without a middle class, to connect property in land and capital 
with labour; and wtth a labouring popiijsitiou almost wholly 
agricultural, and perhaps more deplurably ignorant of everything 
that relates to industrial arts or comuicrce titan any civilized 
people in Kurope — what wonder is it, even apart from the 
dithculties of polemica and politics, which I do not wish to reler 
to further here, that in money-rctuming products, Ireland stands 
at the lowest point of the commercial scjile ; that even the ver3' 
crudest articles of manufacture, if not imported^ are produeetl 
generally of the most wretchc d quality, so that, for exanqile, 
from one end of Ireland to the other scarcely a good brirk t-nn 
be purchased, and that the stivets of tliis city are even paved 
witn " sett.H " import ett from Wales, while belter mitteriaL from 
which skilled labour mi^ht Imve fashioned them, exists in 
abundance within forty mileB of Dublm, 

The law of progress iu i^vcry country is from pasturage to 
agriculture, thence to commerce, and ultmiately to manufactures. 
Vet In^re we find a return to pasturage, the one stage above 
nonia^hc lite, advocated ; and sueli is the prevah^nt want of 
knowledge of tlie conditions of manutaeluring success or failure, 
that wlu^n a titful gleam of prosperity induces some little stir, 
projects as chimerical and baseless as a plate glass manufacture, 
abcet-niot sugar or a peat j>ara(lin company, fiiid subscribers and 
isup[Jorters, whose notions, when by the remorseless logic of 
events confoxmded, serve long to damp or prevent every well- 
placed and considered enterprise. 

For there are many snrts of manufacture, many industries of 

arts, that muy he attempted in Ireland, bearing in view ita 

aty/ujulJtiPfi, both natural and social, with rational groundu and 

^ood hope of succeaH. J mm t not detain you with particulars. 




but I may aay in illustration that to give the hert hope of 
eommereial success, industrial enterprise here should seek to 
bring fortii the crude riches that nature has pkcod hehw the 
surface of Ireland, and subject these to sueh primary tnmd- 
fonnation us may make them in the first place articles of export, 
ultiinat4dy jKThap^s of numnfacture ; and that no indtiatry woii " 
is either wholly exotic and refined in character, or whiL_ 
d<?niands a large supply of the higher order of skilled iaboiir ti 
hkely to prove nermancntly sucoesstid. 

An hnpro\'ed Bystemathsation of the raUway traiBc oi 
country and reduction of rat4.»8, as advocated by so much 
current and independent testimony before the parliameni 
commission on radway fart^s of last session, if carried out ui 
comprehensive principles, would not only permit and awa 
many such enterprises, but it i.s indii^pensHhle preliminary 
their success,^ Nothing also could better tend to develo] 
completion of the network of the Irish railway system^ ne 
to bring all parts of the island into contact with the poi __ 
inqmrt and export, which are so much confined to the northei 
eastern, and part of the southern ctj^sti*. In the existing «ta( 
of Ireland and of the railway interests belonging to it, it may 
said with certainty that the system of county guarantees 
nugatory as promoting pnl>lie works in railwaya. 

1 have, eficly in this adtlresH. alluded to the bad policy "witli 
which (as it appears to me) nearly all promotion or even directioir 
of pidilic worits was about tilleen years since abandoned in thit 
country. In one special department this abandonment seemed 
suicidal, and it appears to me that the time has fuUy coti» 
wlicn the government in tlus country might wisely and with 
great advantages retrace its steps, I allude to the stoppage of 
the arteriid drainage of Ireland. I shall not go into aaj o7 the 
vexed purticular.H of that time, but these are the main facte:— 
The* Acts under wliieh the arterial drainage was affected, 
wisely framed b}^ the legislature, and on the whole not unwisely 
nor incnpably administered, though brought face to face witk- 
the tremendous fiscal and sodal convulsion of the potato famine«, 
were set aside and their operation suspended in permanence by 
an act of the executive, moved to it by the clamour of Iriih 
lundo^^^iers, who some of tlu-in no doubt found themstdret in % 
position of financial difhculty tlirongh the pressure of the timeCy 
from which this course presented in so tar the readiest but tlw 
most shortsighted exit, Kot only were works in progrea* 
brought to hasty or abortive eonelustons, and mature project!^ 
abandoned, but no sutlicient provision waa made for the efieetive 
future maintenance of those completed, 

I^ow here is a class of works that no laUtSe Jair^wilticj'^ 
even though it were applied to the richest country in Kuropei. 
can get efiecled, which even in England, when* «elf-govenmiefift 
is supposed to do all things, has stood almost stock still, ThejT 
were being carried out in a country here covered hj' miUionf A 
acres still of wet and sterile bog, with a climate exaggeratedlr' 
declared to be so moist as to be only fit for pasturage, aad 
from which the culture of tch^at (the very type amongst cropi 
of social advancement) is disappearing; and yet these gittti 
drainages were shomng distinct meteorological aigna of 
nmeborating this condition of climate at the very time tll^j 
were .suddenly abandoned. 

Everything seems to point out that at the present time, after 
due consideration and amendment of the Arterial Drainage 
Act, so as to adapt them to those changes which circumstaaeefl 
and the lapse of years have produced^ those works might wilh 
the greatest advantage, public and private^ be nofw reaumed, 

1 have detained you long in thus looking haeJc upon the 
shadowy side of the land.seape. We, however, w ho are tamihar 
with the country know that it here and there is not devoid of 
sunshine also. Though there arc few important public or 
pri^at^? works of engmeering recently begun and completed te 
which we can refer, there are yet some which have been gruwi])§ 
year by 3^ car in imjiortance, to which we may advert wS 
satistaction. Among these some of our harbour works 9tand 
proinincnU 

The port of Dublin afTords a fine example of the sncoeis tJiat 
ca.n attend a single well-devised work in harbour engineering; 
for although the steam- dredging operations so long carried 00 
by the Ballast Corporation have considerably deepened llw 
channel of the rirer Liflby itself, it is eliicfly by tlie diredNB 
given to the tidal scour oy the Clontajrf wall, suff^sted by 
Chapman and carried out by Odes and the elder Hiupui* tlul 
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the increftscd depth of wator npon tlip bftr has bepti prod need. 
The sU>am dredging operations upon the river have heen con- 
ducted with improved a[spliiinces by thfi exiHtiiig engineer of 
the eoqjoration. our fellou -meDiber. Air. B. B, Stoney, who has* 
had constructed iron hopper barges for removing by steam 
tonnage the dredged malierial to suitable plm es of dt^posit of the 
imprecedentedly large size of l,f)LR} tons burthen. 

Belfast harbour is another favourable example of harbour 
engineering under eireumstauces of eonsiderabk^ difliciilty and 
rc»mph»3dty, an excellent a<;ceouut of wliieh has up to a rather 
late date been given here by my predecessor* Mr. M. 
MuUbiSi V»P. At the present time vessels drawing 23 feet of 
water can come up to the tnwti at higli water of ordinary springs, 
to that the efl'eet of the works executed has been praetically to 
more tlian double the available harbour depth, and to give the 
town a fine chain of docks and Imsins* with a wharfage of nearly 
8,<XP0feet. and at a very xniall outlay under the cirenmstanees. 

I am indebted for an exeelleni historv of the various projcet.s 
and works for the improvement of B(*lfast harbour to mv friend 
Mr. George fc^mith, CE,, uow con.sulting engineer to the port, 
a^ who tor twenty-seven years held the responsible position, 
of its acting engineer : — ■ 

The harbour of Belfant was originally in the creek or river 
that runs down the centre of High Street* and empties itself 
*" ito the river Lagan. It is now covered over aa a sewer. 

The fi^rst mention of Belfast as a place of trade is in the 
chart-or of James I., where the inhabitants are allowed to 
embody a guild of freemen* and to erect a wharf or quay. An 
impetus was given to the trade in 16«i7 l)y the purchase, on the 
part of the Crown, of the exclusive privileges enjoyed by 
Uarrickfergiia to one4hird of the duties on gcwjds imported into 
that town, and other monopolies. For a century after tlie trade 
waa contincd to this Hujnll river. In 1720 a quay, from the 
TOOUth of the creek to the Ijong Bridge (now the Queen's Bridge) 
was built, and now forms fiart of Donegal Quay* ext«*nding frum 
the Queen's Bridge to the i\M}i of High Street. This was the 
commencement of the present harbour. 

As the trade of the port inereased. the dues upon shipping 
became of imporiance to the Government, and they appear to 
have given considerable attention to the subjeet, and early in 
the present century they obtained reports from the most emi- 
nent engineers of tWt day. willi the view of procuring greater 
security for the shipping and the revenue of the port. 

But as the Govemmcut would only grant the merchants 
temporary assistance, by way of loan, they found Ihem selves 
thrown on their own resources ; and from the time that Mr. 
1 £4>imie reported to the conmieneement of the works of improve- 
^BKient in 1839» the harbour conmiittee had designs for docks 
^Hkom the most celebrated engineers of the day, as well as from 
^^Ethers of lesser note, and some by anonymous authors. 
^^T'The engineers that were consulted by the authorities were 
^*|ffr. KiUaly, the Messrw. llcnnie, Mr, Tefford, Mr. Walker, and 
Mr. Cubitt. Mr. Khodes furnislied a report at the request of 
an association of merchants entitling themselves, * the committet! 
of the proposed ship canal luid iluatin«; docks.* Mr. WocHlhousc, 
the resident engineer of the committee, also reported, but it 
was merely in confirmation and adoption in part of Messrs. 
Walker and Bnrges' report, &c. The following proix)sition8 
were contained in most oC the plans : — 

1. For turning the river Lagan in front of the town into 
floating docks, and connecting them with the Bay of Belfast by 
a cAiial with locks. 

2. For making floating docks on the reclaimed land, or slob, 
near the town, and connecting them with the Itay as before, 
leaving the river opposite the town in its natural state. 

3. For making floating docks on the slobs and reclaimed 
land as before, and connecting them with the bay by straTghteti- 
ing and deepening the natural river, so as not to interfere with 
the ebb and flow of the tidal waters. 

If the system of lockage which was contained in the two first 
propositions h*ui Wen adopted, the present tonnage of the port 
eoiild never have been arrived at. 

Independently of the limited nature of the traffic that could 
be passed through a lock in the course of a day, the cost of Mr. 

nnic's scheme in 1821t and afterwards in 1826, in which he 

kes the entrance of his canal at Whiteabbey, was upwards of 

^If a million, while the tonnage of the port was under £1»(XKJ. 

It must have been wholly completed before any part of it cjonld 
have been used^ 



It was a favourite scheme with the late Marquis of Donegal, 
then Chairman of flic Harbour Board, as well as with the 
directors of t lie Lagan Navigation Company, one of whom was 
also n ver>" active member oi' the Harbour Board, that the river 
above the Long Bridge, which wws nearly empty when the tide 
was out, sliould always be maintained at high water level, that 
it might be an ornamental sheet of water to his residence at 
Ormeau with the Marquis, and with the company that it would 
enable barges to navigate the river and enter there at aU times. 
The strong influence that could be brought to bear in this 
direction may account for there being so many schemes for 
damniiug up the river. 

The imj)rovemcnt» in Belfast harbour, from their commence- 
ment to the present time, have been carried out under my 
superintendence, in accordance with the designs of Messrs. 
Walker and Burges, which were in conformity with the 
principle contained in the statement No. 3. 

The plans of Messrs. Walker and Burges were adopted by 
the Harbour Committ<'e in 1830, and confirmed bj Act of 
Parliament in 1831 ; but in consequence of the difficulty they 
experienced in raising money this Act was allowed to expire, 
but was renewed in 1837. It was under the powers of this Act 
that the improvements have been carried out, although it has 
been superseded by the Act of 1847. which is now the one in 
operation. 

The works were commenced in February, 1839, by Mr. 
Dargan, who undertook tlie formation of the nrst section of the 
Victoria Channel ; cost, £'S'2a)00. The slopes of the cut were 
shown in the dramngs to be 2 J Ut 1, but in consequence of the 
very sof^ nature of the clay, or slitch, they were altered very 
considerably, 

Tlie second section of the chamiel was commenced. In eon- 
sequence of the very soft nature of the soil we had to go through 
(the '^ame as the first section), the slopes were made 5 to 1, the 
depth of cutting being from 13 to 14 feet on the general level 
of tbe slob. The cot^t of tltis work, including all expenses, was 
£42,G96. 

It was Tery gratifying to find, after several years' experience, 
that the dimeiision.s of the chaimcl were so well adjusted to the 
velocity of the water flowing through it that no silting up had 
taken place for several years ; what dredging has taken place ia 
it has been caused l)y adjoining works, principally the enclosure 
of the slob on the county Down side of the river. Before com- 
mencing the ehaimel vessels drawing more than 5 feet wat^r 
could not get up to the town at low water, but on its completion 
there were from 10 to 11 feet, and from the upper end of the 
channel downwards towards Garmoyle there is now Dot less 
than 13 feet at low water, and at high water spring tides 22 feet. 

In looking at the plan of Belfast harbour, it will be seen 
that (larmoyle is a deep nool commencing near the Seal 
Channel, where it begins to deepen, and contiuues to do so as 
far as the Imnys of the middle Bank, where there is 19 feet at 
low water ; it then gradually shallowH till it reachei the lighthouse, 
where the pool ceases, and the lough becomes of the general 
level. Vanous reasons for this formation have been given, as very 
little alteration, if any. has taken place in it for many years, the 
most favourite one bemg that the bottom of it is filled with springs 
from the land. In examining the Seal Channel in opposition to 
some of the railway bills, I tound that wherever the Seal Channel 
sent out forks, or minor channels, there it immediately deepened 
the same as Garmoyle, which commences to deepen at the junctioi* 
ofthcijld channel of the Lagan with Joy*a Channel. Bo not 
these pools arise from the current of the two streams forming 
cdLhes at their junction, which the soft; slitch of the lough is not 
able to withstand, and gulls itself into a hole or pool? I mention 
this, as there may be some novelty in the idea, out it is a very 
feasible one, for the ground is so sofl, tts I have previously stated, 
that it villi not stand at a less slope than 5 to 1. It is causing 
great annoyance to our present works. 

Simultaneously with tue making of the Victoria Channel the 
river opposite the town was very much widened, as well a9 
straightened, from tlio bridge downward to the upper end of tho 
channel. The Queen's Quay was put 250 feet mrther into tho 
county of Down than the margin of the river; and on the opposite 
tiiile Donegal Quay was removed 50 feet into the river, so as ta 
gain width for sheds between it and the street. 

I am sorry that I cannot givts you any information rospeetiii|f 
the inereata m the* velocity of lie tide after the making of the 
ehanneL I did not take any obfierrationa till after it ^%&«:f<^«:i^s&^ 
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wLen at half ebb it ran iVom f to 1 mile per hour during noaps, 
and in freshes IJ to 1} miles per hoar. I do not think toe 
alteration made much difference, aa the tide bad free a cope up 
to the town when I took my obscrtationa ; but as the banks of 
the river are being j^adually cloBed in by our inq)rovementa, I 



expect a change is takinp pla^e. 
since the formation of the 



ihe Vict^^ria Channel upwards of 7800 
feet of quays have been made or renewed, ana a patent sUp 
erected capable of taking up vessels of 1000 tons. We have 
worka in prop-csa that will cost £l5i*»O0Ot the principal bein^ a 
graving dock, 450 feet long and 15 A»ei water on the cill at high 
water neaps; also a floating dock, LJ/M) feet long and 60<'J feet 
wide, capable of taking in vessels drawing 23 feet at neap 
tides. 

A third harbour to the improvements of which we may point 
with pleasure is that of Londonderry, at present probably the 
most rising town and port in Irelnnd. 

I have been favoured by my friend Mr. Tlios. Stevenson^ of 
Edinburgh, one of the engineers engaged in these improvements 
with the following brief acroimt of the works, to the complete 
success of which I can speak from personal kiiowh^dge, having 
been myself intrusted by the port and harbour commissioners 
with the valuations of the whole of the ancient quays, frontages, 
and wharfage property, extending to nearly a iiide in length, 
preparatory to their Tbeing swept away, to make room for the 
new quay, alongside wliieh ships drawing more than 20 feet can 
lie np:— 

So recently as 1854 the quays of Londonderry were owned by 
private individuals, each proprietor oeenpying a portion of the 
quay in front of his warehouse, and huilcirng his own quay in 
any direction and of any material, aceorihiig to his own fancy. 
Each portion of quay was walled in, and there was no thorougli- 
fare along the harbour in front of the warehouHcs. A more 
ineonvcnfent arrangement could hardly be conceived. In 1854, 
however, an Act of Parliament was ol>tained incorporating the 
commissioners of the port and harbour of Londonderry, and em- 
powering them to levy dues and borrow money for the purchase 
of the private quays and the construction of works on a large 
Bcah« lor the improvement of the port. These works were 
designed and earned out by MesKrs. David audThos, Stevenson, 
of Edinburgh. The whole of the private nuays have been 
purchased and removed; spacious quay^ affording a roadway of 
60 to 8tJ feet iti \> idth. have been foriued along the liarbour for 
a distance of 3730 feet, at a cost, including dredg'mg vessels and 
the purhase of property, &c. (which amounted to about £64,0iK)) 
of about £130,Q<''0. A new graving dock has also bct'ii viyii- 
utrueted. It is 314 feet in length, and has a depth of 6 feet \) inches 
at low wnter of spring tides, or 15 feet fJ im^hes at high water on 
the cill, and with puiupiug eugine and other necessary apphances 
has cost about t2i.Qi\(\. The works of the quays were chiefly 
contracted tor by Mr. M'Cormirk, iLP.. and Mr. M. M't^'lelland 
and those for the dock by Mr. Hugh Kiagliurn. of Leith. The 
whole was carric^d through by Mr. IM'Donalil, as resident 
engineer, imder Messrs, Stevenson, The only other portion of 
the parliamentary work remaining to be executed is the dredging 
of the "flats'* in the lower part of the estuary, which it is 
intended to deepen to the extent of 3 feet fir the distance of 
nearly a mile, so as to afford a depth of 22 feet at high water. 
These dredging operations in Lough Foylehave been as yet only 

Earliallv carried out. In addition to these works several ligbt- 
ouaosliavc been either built or remodelled. The lloyal Mml 
Montreal Steam Ship Company's first -clans American steamers 
now make Londonderry their jport of ^'call" and *' departure " 
for landtag and embarking mails and passengers; and the ancient 
city of Derry, with its rapidly-increasmg trade and its connection 
with the whole northern part of Ireland, bids fair to be soon 
one of the moat flourishing ports in that {'ountry. 

" The works were commenced in 1H65, sinc^? which time the 
tonnage of the port has nearly rloubled itself and, as stated by 
the secretary in his letter of 2nd October, 1865, ' it is the general 
opinion of the commissioners that the same amount of accom- 
modation has nowhere be*'n supplied at a lesser cost, and every 
portion of the works still maintains as high character for 
stability and effectiveness as when completed.*" 

The \'artry wat**rworks for the suppl}' of this city, thougli a 
needlessly expensive project, will uu doubt when completed 
afford an excellent supply. Of these some account was recently 
'Sf'rff^ bj Mr, NevUlo to the luoeting of the mechaiiical engiaecrs 
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in this city, which was probably listened to by the nuji 
of our own members. 

I will briefly advert to one to^o more, though a little out 
its proper place, inasmuch a,s it Is one that presents the fairest 
opportunity of establishing in this country a new branrh of 
manufacture and a genuine source of remunerative return, um 
conditions which Ireland presents jjeculiarly weU-dcveloped. 

Henri Sainte Claire DeviUe, the dlustrioua French chemist, 
the ci>urse of certain receut researches, has discovered that soi 
compounds of hydrate of lime and hydrate of magnesia afford % 
cement of eminently hydraulic properties, and setting ni-pidly 
under water. He lias further found that the natural dolomites, 
which consist of carbonate of lime and carbonate of magnesia^ in 
proportions either of one atom of each, or of two or three atoms 
of tne lime carbonate to one of magnesia, if calcintMi at a very 
low red heat and gi-oimd to powder, produce without any othdr 
treatment a fast setting hydraulics cement, which beooines so 
hard that it may be employed also as an artificial stone, whti ' 
for archit-ectural purposes retains the flne warm tint of colour 
til/ dolomite in its natural state. Now in many parts of Inel 
dolomite is abundant as a quarry rock. It can be obtained 
fidi' creamy white colour, and very free from iron and mftngni. ., 
\\}iieh would in the preparation darken its colour as a oemeat^ 

The amount of heat requirt^d for its e^ilci nation is very 
&,\A may with great advantage and cheapness be cominumcal 
in furnaces heated by gas evolved by the imperfeot conibmtL_ 
of peat, employing a inodiflcatiori of Cuarles Siomens" reffoneratiff 
furnace. The calcined stone can be ground by water p^jwer, aad 
the casks for packing the cement may be a subsidiary maau- 
facture, and even made from small mitive timber, but little skilled 
labour is required. The materials are all at hand; the product 
directly marketable. The process which has been given to tlie 
world uy Deville is hampered with no patent. Here seem to hi, 
the conaitiotis fu* at least one new industry in Ireland. Let 
hone that the hint may not fall wholly unproductive. 

If I have extended this address at an unreasonable length, 
have had a wide scope of subjects to deal with ; and while 
are without points of contact to engineers, on some that ha' 
been touched upon we must, whether as connected by diffei 
ties to this country or as British aubje^^ts^ feel deeply interesl 
for they bear upon the welfare of us all. 



INCEUSTATION Df MAELNE BOILEBS. 

By p. Jkksen, 

{Canclud§d from page 200.) 

TiiR plan of admitting foreign auhsCaciL^^s into th© boiler to neutj 
the salt^ or some of Xh^m^ cgnuinod in the sea water, hma found favour 
with a i^runt taaay iuveatura; suffioo it to say that nothing has tppoared 
more Ukuly ia th(» eytfi of practloal and aoieatilic gentiomea thaa tods. 
Mr. J. R. Napier haa gono into aq estimate of the commercial adranta;* 
of u^iaj;; aoda ash for tnQrustationa, He assumes the boiler to work it 
270 duK- per iquare iacb, and OYaporatinf at that temperatuFe 7| ih. «C 
watur from 100 deg. per lb. of coal* The following it his tabid .— 



Sea wntpr Miipp1i«^ to boilor «t 100 d«j, 
V^ »ter discharuri'd at 270 Jcg, .» * « ,» 

Wa,t4»i' 4»vfipunit4rd , „, 

XoljJ ht<at fiVKporAting fVom lOfl' d«)grMt ) 
»t 270 d(^. = 1002 X ft.iOth« Tt> 
32 — Ti 34) = 108S ... .*, ) 

H^ot dincharged .♦♦ , .,, 

Fuel couaucnud in «vftpor*tioa 

Fuel conamnod in preTcntinf cnui ».« .«. 
ToUl fttol ,„ 



matbod. 



15 lb. 
7 5 lb, 
7h lb. 

S21fi'5 deg. 

1,275 d<?g. 
lib. 

*15« lb. ocmI 
1 1&5 lb. oo«l 



CheDoidsl BB*th^ 



141 def. 

lib? 

-0172 lb. e< 

•00« lb. aodi 



f 1-017 lb. 



0(i«i lb. tdd* mI 



I 



Thus it seems, he says, that it requires onlj 172 lb. of cool *t- 9&lb. d 
soda flsh, containing 60 deg. of soda, to bo as effideat ia 
crti^t as l,5i^0 of coa! alon^', which evaporates 7^ lb. of water 
100 deir. at 270 cl(?^. And ihese muthuds are cquallj oxpeasiT* 
aoda aah ii) 16^2 times dearer th^n coal. This ratio varioi wiUl ibi 
eflScioDcy of the fuel and the temperature of tbe cvaporatioii, to tilii 
in^taao^ X\m loss by blowing off amounts to 14 per cent. Now tb«ft l» 
no dotibt that soda is a very j^ood roroedy agmn^t iacm&t itiona, 
has been repcatudly rt^commeudud bv^ emiiieat chemistft, Uiiforii 
eT(in this remodj^ lo simple and effloaoious as it han prov«d| 
drowhackf tad that of a vcrf serious nattijo, la % Gwiti4& >oittlit3 
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periodical {BitufUr't Journ^U, toI. 130, p. 153, a.d. 1853)^ we fini it 
mentioiied that Professor R. Freacniua had reoommcnded the ueu of a 
eertnin quantity of soda as a certain and cheap meani for prGTetiting- 
incruAtatioas where water ii used that contains sulphate of lime or 
(plaster of Paris). He had used it some mootha and wiih. Tery ^ood 
results. Tlie factory boiler in question that formerly used to be scaled 
mt proportionately short iutervaU now remained perfectly clean, and even 
pAtcbea of old incrustation too hard for removal bad disappeart'd. 

But repeated trials and careful examinaUon? had shown that a con- 
tinued uae of soda attacked the boiler plates yery much* Br. 
Ziinzaerman thought that all commercial soda contained mure or less 
cyan, and that h the reason of the corrosion of the plate; Dr. Rudolph 
B&ttgvr, who mentions this fact in his ** PolytechniBcbea Notisblatt/' 
of 1853, No, 20f sava that ho has made several expLTiments himself, 
aocording to which all commercial soda, even from the most respectable 
firms, contains cyannatrium, and in consequence of this discovery he 
wama others against using it in boilers for the purpose of preventing 
inerustations. It is important to hear this fact in mind at a time when 
w« find the chief inspector of the Manchester Boiler Associaiiou 
recommending the use of soda ia steam boilera. Besides it must be 
remembtred that such foreign bodies introduced iu the boiler produce 
priming with all its evils. 

6. Blowing off, The original practice at sea was, it is believed, to 
blow off from the bottom only, which woa not found efficacious. 8ub- 
•equentlyf additional blowing off from the surfoee was resorted to, and 
thi^ first at stated intervals and subsequently continuously. Thus we 
find Henry Maudalay and Joshua Field, already in 1824, taking out a 
patent (a.d. 1821, No. 5,021) for withdrawing a £xed quantity of brine 
by meters of any kind ; they preferred a pump with a loaded discharge 
▼alve drawing trom the lowest part of the boiler. They also in this 
patent mentiim a tubular regenerator for healing the feed-water by 
meana of the heat of the brine drawn oflF. These brine pumps i^ere at 
one time used to some ex ten t, but have now been superseded by the 
surface blow-off system, because it was found that the pumps and 
the rfgeoerator got choked with salt and thua became inefficient. 
Blowing off firom the bottom has now beoome almost superseded by 
•urfaoe Mowing off, because the latter plan has been found the more 
efficient of the iwo. The impurities contained in the sea-water being, 
by the application of the heat of the furnace, brought out from the state 
of chemical solution into that of mechanical mixture in minittcpartieles, 
floating about in the hot water and steam, is by the circulation of the 
■Ceam and water filiated to the surface in or along with the globules of 
■t«am rising to the surface and there held in suspension in the bath of 
cteam and water till acoumulating to such an extent as to subside to the 
bottom ; or, in their downward course adhering to the Burfaces coming 
in their way. It is hence obvious enough why it has been found cid- 
▼mntageoua to catch these impurities and blow them off before they can 
do any harm. 

Intimately connected with the question of blowing off is that of 
sediment collectors. Various plans ha^e been proposed for this purpose ; 
bat it if Aot proposed to enter into this subject, for the reason that 
mpplicable as they might he for many other sorts of boilers, they are not 
in the aulhor's opinion as regards marine tubular boilera as now univer- 
aaily adopted, except in the shape of one or two common scum pans ; 
because any oomprehensive system of pipea^ pans, and vessels of any 
■ort in the water-room above ^e tubes, would impede the free oircuk- 
tton of Uie ascending and descending currents, and thus probably do 
more harm than good. The author ia, however, open to com'r^tion in 
these remarks, by practical men having actually tried such appliaooes. 
And this leads to the consideration of probably Che most important 
element in the prevention of incrustation in marine boilers, viz., the 
influentse that the coDitmction ot the boiler itself has upon the 
aubject. 

If, aa has been shown In the foregoing remarks, the sulphate of lime 
beoome all but insoluble in sea- water at a pressure of 2Qlb. per square 
isob above the atmosphere, such aa is now commonly used in marine 
boilera, and if it is a fact, nevertheless, that iocrusliiition can be pre- 
Temfeed in aome boilers by means of proper and assiduous care while no 
•mount of care will prevent it in others, then we must arrive at the 
conclusion that the oonstruction of the tMiter, next to proper and con- 
Tenient means of constantly observing the state of the water and careful 
attention to it, forms the most important point in the inquiry. You mny 
buQd marine boilers of very much the same general internal and exterrtal 
■lipearanoe to a superhcial observer^ and still one is a good and the other 
ia A bad boiler to keep dean and to scale. It ia obvious that it is only 
by tha rapid and free circulation of the water and steam that we are 
enabled to work with salt water at all. It is further probable that but 
for the ctrcumstacLe that the circulation becomes more rapid as ynt 
incnftaa the working pressure, and consequently the temperature, thnt 
bifher pressures than 20lb., going even as high as 401b., have beeti 
imiud pmctioal in salt water. The chief principle to bo aimed at teems 
this, wherever the greatest heat is communicated to the plates there 
also ought to be the greateat facility giiron for a rapid circulation, and 
secondly, make tha boiler acecsalble in all its internal parts, and 
eapacially iu those most vital, viz., those in which scale when formed is 
— '-^, iiijuriotts and dangerous, which arc those exposed to the greatest 



heat. The scanty room generally aDotted to marine boilers makea it a 
difficult task for the designer to meet the above requirements without at 
the same time losing sight of other important considerations, such as 
economy and strength. The common multitubular marine boiler may bo 
so designed, and this does not happen very often, that it gives little 
trouble to the engineer in charge to keep clean and scale it: the tubes 
must not he too cloao upon each other, and not too many rows in the 
Terticai line, ample room must be left for a man to get in to clean the 
furnace crown, the back tube-platCi and the spaces between the tubet. 
The plan of inclining the back tube-plate somewhat so as to allow the 
steam to escape more freely from the same has found favor with many 
engineera, and has also collateral advantages. Of late years a multi- 
tubular boiler of another description, the vertical water-tube boiler* by 
Mr. Martin, a chief engineer of the TJnited States navy, has become 
extensiTely adopted in the United States navy, and possesses, no doubt, 
advantages as regards scaling the tubes, the wator being in them, and 
heated products of combustion passing outside and amongst them ; thia 
circumstance renders them more easily scaled inside with circular scrapers 
than is practical with tho tubes in our common marine boilerB that 
want sealing outside and never can bo effectually sealed by mere 
mechaaicol meaoB. The Field boiler, now well known amongst engineers, 
and becauss of the very rapid circular in the tubes possessing the 
important advantage of keeping the tubes themsdves and also the tube- 
plate in which they are inserted free from scale, ought to do well for 
marine purposes, one should think, although, of course, practice will 
answer that question. In American men-of-war, where they seem to 
be able to afford more boiler space than in the British navy, is often used 
a long circular return-tube biiiler, the tubes being of large diameter (sty 
IfL. or more), with very ample water spaces around and between them* 
They are, on account of their shape, capable of working with 801b* or 
401b. per square inch almost without staying, and also to use salt water 
without pressure. Many other boilers proposed or adopted for marine 
purposes might be mentioned, but it would be to travel beyond the 
subject to go into details of this question. To illustrate the importance 
that has at all times attached to this subject, it will be well to enumerate 
the more prominent pmtents that have been token out in this cotintry for 
proTentiog incrustation in boilers. 

Maudslay and J* Field, 1824, No. 6021. This has beeu meatiooed 
before. 

W. A. Johnson, 1838, No. 7714. He proposes to put pieces of brokeii 
glass into the boiler or broken porcelain, pottery, scraps of iron, shot, 
steel, or other bard substances, wbiijh he thinks, by the circulation of 
the water, will be scoured against the sides of the boiler, and keep it 
clean ! The circulation must be very stong indeed. 

J. I, Delfossd 184S, No, 11317. He adda a compound oonsisting of 
dry tannic or gallic extract » hydrate of soda, (soda without earbonio acid) 
muriate of soda, and subcarbonate of potash. The proportions vary 
according to analysis. For locomotives and marine engiaes he adds this 
compound every two days or more. 

J. I. Beale, 1848, Nti. 13tS5. He adds a compound consisting of 
human urine with a little cauttie potAss, soda or lime. Two ouuoea of 
this per cubic foot of water contained in the bailor* Marine boilers, ha 
says, must be blown off in the usual way. 

J. Jlorsley, 1849, No. 12592, He proposes to purify the sea water 
before going int^ the boiler, by treating it with oxalate of potash, 
ammonia, and phosphate of soda. For water such as is in the Britii^b 
Channel, he uses two drachms of oxalate patasaa, to two ounces of 
aEDmonia-photphate of soda for every gallon of water. The precipitate 
forms a splendid manure. But it requires a very nice analysis ao as not 
to render the water injurious by an overdose. 

B. Hdbington, 18S0, No. 13322. He connects some more oxidisable 
substance than the boiler plates to the same in this way . — He solders to 
the sides of tbeboilen ill the water space sheets of zinn by one ed^e, 
kaviiig the other edge fi-ee, and the two sides just immersed. This 
zinc corrodes, and by the voltaic action between tlie iron, the sea water, 
and the sine, ho thinks ho prevents the incrustation. 

J. Ash worth, 1861, No. 13647. To thirty- three gallons of coal tar he 
adds tWGoty-ooe gallons of linseed water (prepared by boiling in water 
14lb. of linseed, and straining seed away), aud 6lb of plumbago, or 
common black lead pulveriaed, and 8tb. of Castile soup. He U4es ono 
gallon of this per 30-horse power twice a week. He huds this prevents 
incruAtation, so that scale only f^jrms in thin, brittle, and porous 
quantities, easily swept away. 

A. V. Newton, 1852, No, 14062. He uses a compound called Sidald's 
metallic compound, composed of tallow^ or suet, lib., graphite or hkok 
lead, Ub. ; charcoal, fine dujit, |lb. He first melts the fat and ihtfn 
mixes. He then adds a gill of oil or gas tar. When using, ho warms 
it first, and then painU the whole inside of boiler, which must abo be 
ilightly warmed. Applied to a foul boiler, the incrustation becomes 
softened aud can be swell off. He says it prevents the formation of new 
seale. and lielps even to the evaporating efficiency. It should be appUed 
once a fortnight 

P. Dam, 1852, No, 14262. He proposed to use hydrate of potash, or 
soda, which he diMolves in wator, forming & saturated solution. Ho 
Introduces it by a pipe having two cocis (like a grease-cack on a 
cylinder), or by means of a pump. Or he sppUes it to water before 
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going in to the boiler* To ascertain the proper amotuit, be takes a 
mea^ired qyaotity and addi some drops of solution m long qa it makes a 
milky cloud. The water is then filtered^ and some more solution put in» 
and if no more precipitation takes place the former quantity in tbo 
right one. 

W, Danher, 1852, No. 589. This iuTentor passes all feed-water 
through a filter. The lottt^r conBists of powdt^red charcoal between 
turfooei of hair-dotli by preference; first, he precipitates limehy caustic 
baryta, or soluble anJu of baryta, includia;^ sulphuret of bariumi or else 
oialate of ammonia. Tho filtering apparatus is an iron tank with 
perforated fmmea, one inside the other; the ipaces are filled with 
pdrwd«r9d oharcoal. For marine or condensing engines he connects the 
not wdl and the filter by means of a pipe for supply of water, and hy a 
small pump he supplies the requiaiie quantity of solution of baryta to 
the water as it passes from the hot well. The feed-pumps draw the 
filtered water off and pump it into the boiler. To say nothing else 
against this plan, the filter would have to he of enormous dimensions. 

A. V. Newton, 1852, No. 1041, Ho patents a self-aotiog opparatus 
for hlowing-oif, regulated by tho density of the sea water itself. A 
bydrometer floating in the boiler water combined with^ and to govern, 
the moUoDS of an independent mechanism, actuated by a motive force to 
operate valve and valves wbich govern disohargc of liquid when its 
density or gravity becomes too great, or rws vend, or the supply of 
fresh liquid, or eies wnd. The hydrometer, by a rather complicated 
arrangement, acts as a float, the rise and fall of which regulates the 
opening of the blow-off cock. How this apparatus would fare in a galo 
of wind, with the vessel pitehing and rolling, does not seem to have 
entered the inventor's mind» 

B. Dangerfitdd and B. Dangerfield, jan„ 1863, No. 2696. They 
employ a concave or oup-like Yossel la the interior of the boiler at water 
Unv, scum oollocts in this vessel and is taken off by a pipe at tho bottom 
of same, and thence blown off. Thia is a very old and well-known plan. 

R. IIoyle» 1864, No, 2078, He places a perforated vessel containing 
bark, or other suitable matter in a cistern partly filled with water, and 
heated by the waste steam or otherwise. The solution of bark or other 
matter thus formed is forced into the boiler. 

G. J. Bousfield, 1854, No. 2442. Tho water before entering boiler 
is subjected to heat by waste steam in a long vessel with mud-holGS. 
The water flows out at one end into a perforated cylinder filled with 
•awdusti birch twiga, or thorn of broom mixed with wheat bran. Also 
a lower cylinder of wire cloth or perforated plate containing horse duDg. 
These cylinders or sieves are within a jacket, into which the steam 
flows and from thence Into atmosphere, The water thus heated and 
filtered flows into a supply vessel with a float to cut off supply of feed- 
irater to the apparatus, and with cocks and vaWes in such a manner 
that when the further incoming of the water is stopped in respect to 
supply^ vessel, and steam admitted from boiler into supply Tessel to 
equali»o the pressure, the water will flow into tho boiler. 

J. H, Johnson, 1864, No. 2466. Introduction of raw or tanned 
scraps of hide into the steam generator. For convenience sake a lot is 
boiled together into a soft mass, and put into the boiler in the shape of a 
ball, or else scraps of leather enclosed in a bag. It is preferred to use it 
as a powder. 

J. A, Manning, 1855, No. 882. Tntroduoea air pipes to produce 
currents, and thus prevents incrustation. 

E. To[jhtim, 1865, No. 1830. Applios inside near the bottom apparatus 
for agitating and drawing-off occasionally, a shallow scraper with one 
or mon» rods attached for working from outside. At hack of boiler at 
bottom is an opening with a long blow-off pipe perforated at bottom ; 
hy moving the scraper to and fro the sediment is loosened and blown 
out. The holes in pipe eoUectively must be lees than the area through 
cock; this is mainly important. For sediment too light to bo pre- 
cipitated he has fans that throw the scum into gutters near surface and 
alongside of boiler, in which lies the perforated pipe. 

C. Walker, 185C, No. 340. Uaes a scum-oollector ; a pipe with slots 
or holes on eaeh side above centre line is supported at each end with its 
axis at tbo water level. It has a lever with a float at the end, so that 
as ebullition goes on the collector oscillates nnd thus exposes a number 
of holes for blow-off. Tho bottom of the lube has no holes, and from 

• that scum is taken off by a pipe dipping into it. 

It. B. Lindsay, 1856, No. 879. Applies highly heated atcam or air 
to cause the incrustation to crack, the boiler being cold at the com- 
laeiiccment of tho process. This method has been triml with great 
success in the royal navy^ and seems to offer great advantages wherever 
it can be applied. 

A. C, L. C. and J, L. Casartelli, 1856, No. 2623. A salinomet^r 
consisting of two tubes, tho ends of which are supported in two cocks ; 
one Dock is maikcd blow, and the opposite one limit; each tube contains 
a bead or float adjusted to certain gravities, that in lube ** blow ** being 
lightest. When density of water reaches gravity of float in tube blow, 
tho lame will riae in tube and indicate that more feed should be admitted, 
but tho float in tubo and ** limit** will not Hrc till density exceed that of 
tho other to a certain extent. When float in tube limit rises, water 
should be fed in to prevent toe great density. This instrument may 

Jt/jfo be u^ed MS a water gauge. The aboTC plan is not unlike Seaward's 

9»itaometvr, plicated many years ago. 



H. Hobbs and E. Eaatrm, 1857^ No. 1316. Solatioii, or pasta, oom- 
posed of arsenic and soda, or other alkali, when as a liquid it ia to be 
pumped in, and when as a paste laid on with a brush. 

Paul Ingiversen, 1857, No. H15. Burgundy pitch, alone, or mixed, 
with one-third charcoal or pure soot, to be applied in boiler while healed. 

W. E. Newton, 1867, No. 1949. Tho blatk gum catechu Is employ eiL 
To 100- horse power boUer add about ^ lb., and allow to remain t"' 
water becomes of the colour of pale brandy ; small pieces are iddi 
daily to keep it at that colour. No incrustation will then ensoo. 
he says, does not choke up. 

M. Guillaume Dfifis, 1857, No. 1976. For a boiler of JiOO-l 
suitable for a months 
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In addition to these, volatile ammonia may be added to renuyvv in^ 
cnistations. The above are mixed with the sea water in a paste. 

J. Hall, 1857, No, 2015. Sediment collector. A series of plates one 
inside the other, in wbich are formed apertures or tpaoes for the pasisge 
of the woter and sediment into interior of vessel, the apertures are so ar- 
ranged that the aperture of onw plate moy alternate with an obatnusting 
piece of metal in the next plate, and thus overcome the agitation of watsr 
passing from the boiler beforo it reaches the interior of tho vesaeL 

J. Sheddon and J. Marsland, 1B57, No, 2385. Washing rookioda,«r 
carbonate of soda, or soda ash. or bicarbonate of soda, or oompottitiooa of 
any or either of them, either as a powder or liquid. 

A. and J. Martin, 1B57, No. 2945. Crystallised carbonate of mdM, 
wood ashes, and plumbago mixed and placed in a separate vessel in ooa* 
neclion with the boiler. For a boiler already incruatated they propose 
to add besides hydrochlorate of ammonia, 

E, Coolon, 1858, No. 607. Plumbate and plumbites of potasli and sedtr 
and the insoluble salts of lead and chloride of zinc, added to a feod tank 
or to the boiler itaelf . He prefers to add a quantity of sand, elay, nd 
ochre, and muriatic acid. 

H. A, de Saegher, 185S, No. 888. Dried pitch melted witli atMriae^ 
or common grease by application of heat; then add wood ashea aad gnnnd 
charcoal, and mix them well by stirring ; then cool it and make it d^j 
into balls ready for use. 

J. Braidwood, 1858, No. 915. A vessel connected near the wattT lef 
and the bottom of the boiler, the bottom of the vessel being lower than t 
bottom of the boiler. A current is produced and the water absorbs mstlerl 
in vessel and precipitates, and is drawn off by a cook finwn the Tcry bot- 
tom of the vessel, 

T, Holt and J, Brown, 1859, No. 1042. This patentee 
water heater, which he also uses as a receptacle of mixture foir pn 
the water; he uses spent tanners^ bark, bark knots» &o. 

0. F. Vasscrot. Extract of ohcsnut, or any other substanoe containing 
gallic and tannic acids. 

Brooman, 1859, No. 1824. Leather or waste leather. 
J. ond R. Blinkhom, 1859, No. 1833. Animal fat or grease, full 
earth, soda mixed with neatsfoot or colaa oil, night soil, and Nix 
washing powder ; lib. per twelve hours for an 8-bone power boihid 
M. L. Lorhaa, 1 859, No. 2884. Amytannate of gelatine, as well as leathsr.'n 
L. M. Boulsrd, 1860, No, 938. A case or bag of perforated sbed 
metal, or wire sauze, or non-metallio gauxe, oorretpondin^ to the inside 
shape of tho boiler in which it is enclosed, forming a Hning;, kt/pt at a 
slight distance from the side by means of brackets. The meatiea m 
finer at the bottom thau at tbo C«p. The lining may be made in seetkoa. 
It has be? en ascertained that this prevents incrustationa, and loosefitd 
those already formed. 

W. Allen and W. Allen, I860, No. 169fi. Ammoniacal liquid obtaintd 
from coal or gas tar. For a new boiler he paints it inside with ■erenl 
suits of gtts tar. 

C. J. Dinnery, 1860, No, 2988* Sediment collector, consisting of i 
horizontal tube the length of the boiler, or nearly so, with one od 
communicating with the boiler by a vertical tube entering at or nsir 
water level, the other end communicating with the bottom of tha htakr 
near the fire placc^ by a horizontal pipe. Precipitation by atiapU 
gravitation. He says salt does not crystal ixe till the water ia saturated 
with it, while the sulphate of lime crystalizcs at 334 disg. F»h* It if 
hence easy to separate sulphate of lime, first by passing it tfaoogb s 
worm heated to 150 deg., or you may have an apparatus for i^pantiiif 
carbonate magnesial salts, a second for sulphate of lime, and iha OtiMi 
for tho vaporixation and extraction of the salt. 

B. Armstrong, 1865, No. 1472. His patent consistaof a boiler wit2i 
a vortical cireular fire-box, with oval crou tubes, wboae longest axes 
are horizontal in tbc centre and vertical at the end. He also hjis a fba 
for a feed- water heater, consisting of a cast-iron ciatem^ Mrnatg ii 
foundation for boiler, to stand on ; and the heat radiating froiB 1^ 
furnace heats the fieed*water. This case is divided into two imt^ 
puxts by a partition, a oross reaching to within half an inch of tba eefsr 
or lid, which is to have a thick projecting convexity, to dip at letM liM, 
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garface of water when tho larger part ia fully charged with feed* 
The water expanding at the Burfaci? gradually passes over to top 
tion to tmaller part; the aedimcDt lettles in tho larpcr part, ifo 
lags inaido of shell with wooden staves, to prtvent iDoriutation* 
|^»r, 1861, No. 2171* He uses pipes with long slota at the 
of boiler, or at tho holtoni* or hoth, extending tho whole or 
part of tho length p communicating wiih a discharge valve j that 
Opened quickly by studs working in a spiral slot, cauaing a rush, 
thinks will prevent sediment. 

Moghos. Twenty-five parts hy weight of alum, twenty-five 
aftlta of soda nt 'A2 deg., two parts of red othre, three -and-a-balf 
if sulphuric acid, jftfteen parts of brown fceula of potatoes, and 
x^five parts of distilled water; these aro mixed and boiled in a 
kway. 

^Newton, 1 861 , No. 296L Tobacco, as a decoction, or else in abag. 
""eedham, 1861, 2^o» 3236. A longitudinal pipe at the bottom of 
connected to a cock or valve outside. The pipe has at the bottom 
ure for entrance of mud and sediment, and at lop a number of 
■1 pipes, each with ventiln tor-shaped funnel at top of wate'r line, 
pouth turning towards front of boiler, the flow of water being from 
HDt to the back. 

Italdif 1861, No. 3207. A rotary boiler, which, at one time, 
i a very great sensation. 

L Johuson, 1862, No. 196. A fluid composed of eight parts by 

t of potikih of commerce, or carbon ate of potash, and from two to 

^ta of molasAcs, added to 100 parta of snails' or slugs' liquor. 

ppamtus for injecting the same. Oe hoa the feed distributed, so 

BO very unequal temperature exists anywhere. 

Webster, 1862, No. 1003. Depositing earth and aaline matter by 

ncity on another surface than tho heating s^irface. Ho intr<:kducea 

eet of copper and a sheet of jtinc, and insulates them, as far aa 

Uic contact goes, from the platea of the boiler. It will then bo 

I that all eiuthy aad saline matters will be deposited on the »aid 

BT plates. In tubular boilers he uses lubes of copper and zinc in 

li which can be readily removed. 

9«hae, 1862, No. 225?. A eomposition made entirely of bark of 
Bd pine^ leaves of summacb tree ground, and ttn a powder, & 
^n of this condensed in dent^ity of about 10 deg., Beaum^, and to 
pd a quantity of cream of tartar and spirit of turpentine. Three 
ire enough for every 1,000 piota in boiler for abf>ut ten days. 
KTikon, 1362, No. 25S3. Ground malt and woody fibrea^ a larger 
irtion for marine boilers. 

H.Johnson, 1863, No. 2808. Snail or slug liquor, 100 parts by 

ht, carbonate of p^itash eight parts, moloesea or treacle two parts, 

i of aloe fire parts, animal marrow two partA, extract of tor, at 12 

kaume, one part; boiled together for two hours, and then thirty 

bd off, when the liquor will bo ready. 

Kpencer, 18G3, No. 896, On some convenient part of boiler, in 
ition with the steam space, s cloao vessel furnished with a lot of 
fKtDB or dishes placed one over the other : through the centre or 
If each Te«c4 he brings the feed-water pipe, so that it dischorgt-s 
be top diah, &om which it flows down from one to another through 
Or ipaces, with raised edges, not quite so deep as raised edges 
iedge of dish. Th© whole interior is in contact with steam fmni 
I In addition he coats the inside of the vessel and ditches, and the 
I of the boiler, with a suitable Aubstanoe^ such as Greenes oxide 
to prevent adhesion of deponited salta to the metal, 
L. winans and J. Winans, 1863, No. 1582. in vertical tubular 
p of a peculiar construction is left a space in the midst of the tubea 
pioogh for a man to go down and clean the tubes and the tube- 
f By having a solid body of water in thia plaee they alao think 
IHiea will keep clean. 

Barrell, 1864 No. 6d3. A salinometer, consisting of a covered tank 
ed into two unequal compartments, both connected to wat^r in tho 
The imail one contains distilled water, and the large one brine, 
lly aupplied from boiler by constant circulation. In each is a iloat, 
float connected to one end of a double *armed lever. The floats 
, BO that the float in tho distilled water rises, If water gets too 
id 9Ut wrtd. The rocking weight shaft of lever has another 
\ which actuates the scum blow-off cock ; when the float in the 
led water rises the cock opens. There is alao another float which 
itea the feed- cocks. If a column of sea water and a column of 
kd water arc placed side by side tho distilled water will rise one- 
^ *'"-;h«r than the level of the brine. When the density of the brine 
the float will riae in distilled water and open the aeum-cock. 
'ate of glass in front of each to observe tho state of the water. 
»n, communication from G, T. Parry, Philadelphia. To 
vent incrustation he uses an electrical arrangement tending 
the action which induces this deposit, it having been found 
^^^ Dt that positive electricity expels or throws otf, white 
t?60ollect9 small particles; henoe, when* by ebullition or otherwise, 
ire electricity is libi rated or collects in boiler, its action is to throw 
articles in the form of crystals or scales, He says ho has tried it 
and baa found it to answer. 

thia brief notice of the more prominent patents it is intentled, in 
ion, to mention some of the weU- known comtruction of sali* 
; for if it be true, oa it aeema to be, the prevailing opinion 




among manno engineers, and aa it has been shown in the foregoing that, 
after all, we must depend more npon hlowing-^ofl^ than anything else to 
jirevent incrustation in murine boilers, then tho salinometer deeervee 
more than passing notice. One of the first, in order of timo^ ia that 
invent43d twenty-six years ago by the lalo emiuent engineer, Mr. 8, 
Seaward. The instrument consisted of a strong glass tube, about fin- 
bore and 14 in. long, fixed at each end in a braas frame, to which aro 
attached four cocks, one at each end and two at the side ; by the two 
latt«r cocks the instrument is attached to the front of tho boiler at such 
a height thnt the water in the boiler may fill the glass tube. On 
opening the two cocks attached to the boiler tho water will riae from the 
bottom of the same by a pipe from the lower cock end fill the glass; on 
tloHing these cocks and opening the upper one two balls arc dropped into 
the tube, the first ball being adjusted to one dtigrce heavier than the water, 
is intended to bo maintained at in the boiler, the second ball one degnse 
lighter ; then close tho upper couk, leaving the communication with the 
boiler open. Now 1/ the density of the water should inortiase beyond the 
standard adopted the lower ball would rise, and if it should decrease the 
upper ball would sink. This is a very ingenioua but rather delicate instru- 
ment, the use of which has now for many yeara been superseded by 
oiberoontrivancea. The simplest, though crudest, is one, it ia believed, 
still extensively used in many places, and eonsista simply in a can or 
measure, sometimes detached from and sometimes attached to the boiler. 
This vessel is filled with water from the boiler at Gcrtain intervals for 
ascertaining the density ; the water is allowed to cool dawn until a 
certain temperature is obtained and found bv dipping a thermoiuetor 
into it, and then the hydrometer graduated to tnat temperature is dipped 
in, which, by tho degree of its immersion, indicates tbie speciQc gmvity 
or density of the water. Such an instrument will, of course, fulfil the 
object of showing the density any time it may be required ; but tho 
operation is tedious and requires caret and handling such delicate glaaa 
instruments is not exactly the thing in rough weother, when the 
engineers have many parts of tho machinery requiring their constant 
attention. The next step was the introduction of moro practical and 
complete apparatiiij, the most commonly known of which ia that called 
Bow's salinometer. His salinometer case containa a separate oom- 
portment for the hydrometer and thermometer, and it la easy enough at 
any time to let in tho water from tbo boiler so as to fill the case, 
abutting off the communication with the boiler and hlowing-ofl^ the 
surplus water, if any ; the density of the water when the ebullition haa 
ceased can be read off. But this ebullition, resulting &om the reduced 
pressure of the atmoaphere to which the water in the saliaometer case 
now becomes subjected, causes a quantity of hot water to be thrown 
out of the case, thus causing tho engineer to be scalded ; the iudden 
rush of water from tho boiler, if not properly checked by opening the 
cock very carefully, tends also to throw the hydrometer with great force 
against the cover, causing the danger of breaking it ; nevertheless, thia 
instrument has been and is still extensively used. 

A more complete aalinomoter than the preceding one is the invention 
of Mr. Long, a chief engineer of tbo United States navy. The objec- 
tions to How's salinometer arc obviated in this instrument by the 
addition of another 84^parate tube. This latter contains a smaller intomal 
tube, by means of a cock communicating at the bottom with the water in 
the boiler, whib tbo top is closed ; but having small oponinga near tho 
upper extremity, through which tho water can escape in the outer com- 
partment of the long tube or vessel, tho steam at the same time freelv 
disengaging itself. The long casing communicates at the bottom with 
tho salinometer easing, which is fitted with a thermometer and a 
hydrometer. By this arrangement the ruah of the water and the violent 
ebulUtiona is checked, and thus the dt-naity of the water can he observed 
without danger and inconveuieiice. But a more convenient and less 
cumbersome apparatus bos been invented by Mr. Gamble, chief engineer 
of tho ateamcr City of Norwich, has all tlie advantages of l-rong"*, while 
tho whole apparatus is contained in one piece, thus offering less ob- 
siructioD, being more sightly, and taking up less space in the engine- 
room. This salinometer is now coming extensively into use, being manu- 
factured by Messrs. Hay ward, Tyler, and Co., of Whitecross-stroet, 
Closing the jam valve occasionally, and then blowing through from the 
boiler, onablca tho engineer to dear the supply pipe from any sediment; 
and this is an important point. Tho next operation on starting the 
aalinometer afresh in to blow it through, which can be easily done bjr 
opening tho jam valve and setting the bjindlo of the four-way cock ao 
that a line on the dial plate points straight through from the aalinometer 
to the wa8t« pipe ; thia helps the salinometer, and allows the water In the 
supply pipe time to cool down before entering the salinometer, 200 
dcg. Fab. is the temperature the hydrometer is gauged to. By the 
regulating screw of the jam valve this can be easily and conveniently 
obtained, as wt U as retained. Another great advantage in this practical 
little instrument, though it may not at tir«t sight appear to amount to 
much, is the arrangement of the scales. The indications are given outside 
the brass face of the instrument, where they can be read oif inf tantly. In 
ooDcluaion, there ia no doubt that after all blowing-off in the proper 
manner is tho best means of preserving the boiler; that there cannot be 
given tho engineer facility enough to do so, and that a salinometer pos- 
sessing tho advantages just descnbcd, which are fully borne out in 
practice, forma the beet safeguard against the incniatation of fliarine 
boilere* 
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THE DEMOLITIONS AND EMBELLISHMENTS 
OF PAEI8, 

Antiqctabiaks who desire to have a look at the last remnaate 
of tome of the moet celebrated and lea«t Bavory quartera of 
Paris trmst pay an early visit. The clearances for the new 
hoitpited of the H6tel Dieu are flweepingaway the ruea d*Arcole, 
Constantine, de la Cir6, the quai Napoleon, and the celebrated 
but wret<!hpd »treet the Bq© des Marmouaetfl, The pick-axe 
has already made its way through the rues Boucher, Etienno, 
Saint Germain rAiixerrois, and a number of wrelched alleys, 
for the course of the new street which is to lead direct from the 
Pont Neaf to the i^reat central market. A great portion of 
the streets bordering on the Halles, with the heavy pillars of 
the old colonnade, the sites of the birthplace of Moliere and uf 
the murder of Hrnry IV. ^ the remnants of the old monastery 
and cemetery of the Innocents, are givin^if place to the new 
buildings which will complete the great market and connect 
it with the great circular boildiDg iu which the com market 
ia held. 

The repairs of the church of Notre Dame are nearly com- 
pleted. All the side i^hapela are decorated and furnished with 
stone altars and statues of the saints to whom they are dedicated. 
In each are placed a crucifix, bronze and gilt ca^ndelabra in the 
style of the fourteenth century, and other emblems and 
ornaments. The ^reat doors of the northern porch are just 
completed* In the centre of the purvis, or plat-e in front of I he 
church, is to be erected an ornamcnial column to replace that 
which formerly stood there, and from which the distanccti 
on the whole of the great roads through the country are 
measured. 

On the south side of the river another great street to bo 
exiled the Euo de Solf^rino, is about to be pierced, and the new 
Boulevard Saint Germain is to be continued to the Pnlais 
Bourbon, in which is tho Chamber of the Corps Legislatif. 
These alterations will destroy a lurge number of celebrated 
mansions— the h6tel of the family of de Noailles, a fine old 
house with a noble terrace looking towards the Seine and 
fftoing the Louvre ; a part of the h6tel of the Due de Broglie, in 
the Jiuo do rUniverpite ; and also that occupied at present by 
the Popes Nuncio, as well as the whole or a portion of the 
residences of the families of La Fert<5, do Forbin. and de 
Luynes ; the proprietor of the last named, the Due de Luynes, 
having had his garden taken for the streets in question, baa put 
up his hotel for sale. On the site of the building now occupied by 
the Chancellor of the Legion of Honour, it is proposed to erect 
A palace for the President of the Conseil u lUut, which will 
occupy the angle formed by the oew Rue de Solferino with the 

The London system of erecting places of refuge for pedestrians 
at the intersections of wide roads and streets is being carried 
out in various parts of Paris, where such means of safety had 
beoome absolutely necessary from the width of the places and 
the growing increase in the traflio. Many of these refuges are 
already completed ; they consist uniformly of a piece of circular 
pavement, having in the centre an elegant candelabrum of large 
size^ consisting of a beautiful casting iu Florentine bronee, the 
ateni being decorated with ornaments in bss-relief, and Pup- 
porting five gas h'ghts in elegant oval semi-optique lanterns, 
four in a circle and one above ; the candelabra stand on circular 
plinths of the stone of the Jura, between four and five feet m 
height, ornamented by machinery with bold mouldings and 
nolished. In one place, where occurs the junction of the 
Boulevards Male»herbes and Haussmann with three ptreets, 
there are three of these useful refuges with their beautiful 
candehtbra. 

In connection with tliis subject may be mentioned an under- 
taking of the Prefect of the Seine, commenced some years since, 
namely» a collection of all the doeuuieut.* connected with the 
administration and public works of the city. One of *he chief 
objects of this fjureau hintorique is the compilation of a work to 
be entitled the " Government of Paris and the History of the 
Prdv6t<? des Marchand,*' or trade corporation. An introduclory 
volume has been printed, if not published, containing the plans 
of the work, by Baron Hnussmann, and a nolo from the 
Emperor felicitating the prefect on his project of producing a 
ireueril history of Parin. 



PABIS ITNIVERSAL EXHIBITION OF 1867. 
Weights MsisuBEa, uid Goiirs, 

Ok the suggestion of the Metric Committee of the British 
Association for the Advancement of Science, and of the Council 
of the International Decimal Associntion, the Imperial Com- 
mission for the Paris Universal Exhibition hare resolved to 
have a special exhibition of the measurep, weights, and coins of 
all countriesi and to hold conferences at the same time, with a 
view to the establishment of one common system throughoat 
the world. The two scientific bodies deputed Prof. Leone I^vy 
tn proceed to Paris, to meet M . Le Play, the Commissaire- 
General and after a conference with ihe commissioners of 
different countries* called for the purpose, the Minister of State 
issued the following ordinance on the subject : — 

The Imperial Commission, taking into consideration the 
ordinance of 20th September, 1865, which establishes a Scieotifio 
Commission, states; — 

The Scientific Commission has for its object to concur in 
extending the use of useful discoveries, and promote reforms of 
international importance, such as the adoption of the some 
weights and measures, common scientific units, Ac. Taking into 
consideration also the propositions of two scientific societies in 
England,* propositions which include, first, the project of la 
international exhibition of meaHures. weight** and coins ; 8ets>ndly 
the project of a conference, to take phice m 1867, for the adoption 
and extension of a uniform system of measures ; and conj^ideriDij 
the adheifion given to the above proposition by a conference held 
on the 2nd and 14th May, 18G6, to coufiiult as to the meftOJ for 
resuming the labours of the special commisHion formed at the 
Universal Exhibition of 1H55» has decreed as follows: — 

Art. 1. — A special place t3 appropriated in the vestibule of 
the Palace of tbe Champ de Mars, to an mtemational exhibition 
of measures, weights and coins of all countries. 

Art. 2.^ — A special committee on measures, weigbte, and coinj 
is established in the Scientific Commission to preside over the 
formation of this exhibition. 

Art. 3. — The committee is besides called upon to nae the most 
efficient means for taking advantage of the universal gatheriog 
ot 1S57, for the adoption and extension of a uniform system 
measures, weights, and coins. 

Art. 4. — To attain this object, the committee will place 
selves in correepoudence with the persons who have alreadj 
tukeo part in the conferences of 1855 and 1^66. and the pnodi 
persons of all countries whose assistance may be desirable. 

The following are nominated members of this committee ^ 
MM. Baudrillard, Member of the Institute, Professor at tl 
Conservatoire des Arts et Metiers ; l^cone Levi, Professor ., 
Commercial Law at King's College, London, Doctor of Political 
Economy, and delegate to the two above-mentioned scientific 
societies ; Mathieu, Member of the Institute and of the Bureau 
des Longitudes ; Peligot, Member of the Institute, Professor il 
the Imperial Conservatoire des Artes et Mdtiers, and Verifiw 
of the Assays at the Mint. 

Art, 5. — Other members of tlie same Committee 
afterwards be nominated— perpons designated by the foreii 
commiasioners of the stales which wiU contribute to the •] 
exhibition of measures, weights and coins. 

Art, fi.— The ConselUer d'EtatCoromissiare-G^^rml iecliArgeJ' 
with the execution of the present ordinance. 



c^reig^H 
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Arehiiectural Competition.— The Architectural SooL 

Lyons announces a public competition, open to all n&tionii 

medical college to be erected on the Quay du Prince Imperii} to 
that city. The ground to be occupied does not exceed (J.O(W 
square metres j the plans are to consist of one of the ground flo 
one of the upper story, to a scale of fire in a thousand, and of 
elevation to a seale of one in a hundred. The conditiooi ut 
be had on application to the Secretary ol the Society . at 
Palais des Beaux Arts, Lyons. 

* Itfi'Lric C[)iuiuiti«c cf the Briti-ih A-Modation fur Xhie JbtTUMkom^ot of 
ItiMniikLioDftl AwaiiL'klloa fur ubluaing 0110 ooifona Dmud^ il|pif ^Y ia of J 
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m HYPRArLIC LIFT GEAVING DOCK. 
By Edwin Clakk, M. Inst. C.E, 

iTftntages possessed by tlii« system of do<'lciiJg Tcssolt 
»w been practieally di^monstraW by long; experience at 
ks of tbe Tbamt's (iravinj? Dock Coiiipaiiy, in the 
Docks^ and as othrr doeks on this system are in cnurne 
&tion, the Author Ims tlitrnt^ht timt a detailinl descnption 
rm Ji useful record. The history of tke invention 
kr baek as tbe year 1857. At that time, the Victoria 

Kjust completed, and it was part of the Engineer's 
I to c^mstruet a jfraving dock a8 an adjunct to thnt 
It* Plans were neeordin^ly prepared for an ordinary 
he lined with brick, and to i)e emptird in the usual 
J tidal action iind pumping- The eatimated cost of the 
£60.000. The Engineer— Mr, G. P. Bidder— who, in 
these works, had already introduced many important 
ions with a view to eeononiy, was anxious to adopt 
iper system for doeking vessels, of that large class fnr 
?se do4*ks were laid out, Amonp oilier projcets, the 
f of lining a dock with concrete, limber, or with cast or 
iron plates, was disc U!?ssed. Mr. Stephenson suggcsird 
^toon dock, in which the horizontal position anti the 
jof the pontoon were to bt* mamtamed by an arrange- 
mit« and braces attached to the p'onnti and forming 
[ motion. The necessary dimt'nsions of these (struts, 
lowever, to be so great, on aecovmt of their excessive 
ad the great strain to which, in certain positions, tliey 
^ subject, that this arrangement, as well as other 
u oontriTances for securing s^tability with a submerged 
prnd abandoned. A similar plan has since hc^^n curried 
9 London Docks, where a dnek on this prineiple was 
bout two years ago. On the first attempt, however* 
t its aetion, fortunately without any vessel upon it» the 
illed and »ank in about 22 feet of water. Some of the 
kc parallel gearing beneath ha^nng given way, and 
krough the bottom of the pontoon, it was found im- 
to raise it agam by pumping out the water ; luid it 
^ this day, at the bottom of the L>ndon Docks, 
dder, tinaing that no economy could be effected by any 
iotis of the ordinary dock, turned his attention to a 
Dck ; and with a view to preparing the neeeasary plans, 
I the Author to visit the principal dockyards in England, 
le Continent, and to make himself generally acquainted 
various systems then in use. 

uthor accordingly gave considerable attention to the 
and, in conjunction with Mr. Stephenson and Mr. 
arious schemes for floating docks were discussed. All 
jd to be more or less objectionable; partly, from ihe 
of designing such large floating structures with 
rigidity to preserve their form under very variable 
md to ensure that stability of flotation which was 
n all floating docks then in use ; and partly, from their 
I ro8t. At this juncture, it occurred to the Author, 
er the direction of Mr. Robert Stephenson, had lately 
the machinery, and superintended the raising of the 
he Britamuaand Conway tubular bridges, that a similar 
light, with advantage, be applied to the docking of a 
The problem was simply to raise a given weight to a 
height, in the most rapid and economical manner, and 
eared no reason why a vessel should not lie dealt with 
me manner as any other load. The weight actually 
the Britaimia Bndge, with only three presses, was 
hat of a veusel of 1,800 tons. 

]«dy action of the hydraulic press, its extreme sim- 
i small amount of friction, as well as its great durability 
»my, render it pre-eminently the best available power 
I heavy weights with low velocity. It is, indeed, morti 
■able, that had the problem of raising a vessel presented 
finally in all its present magnitude, no other power 
re suggested jtself ; but the progress of dock improve- 
»all meehanical progress, naturally kept pace with the 
?nt8 of the day, and as ships became larger a simple 
»nt of the original rude method was the natural result, 
irliest kind of graving docks is illustrated by the 
f the Greeks, who ran their triremes aground on tho 
icb of their tidelcas sea, and then, dragging them 
t of roach of the water, surroimded them with earth- 
till " arsenal " was thus improvised 



wherever required. A natural improrement, where the ground 
was saitable, was to pn pare an inclined plane of timber to 
facilitate the operation. Where the tides were available, the 
vessels were simply bfaclnd at high water during spring tides, 
and thure left high and dry till the following si>rings. The 
** Great Eastern " was doelterl in this maun(»r in Milford Haven. 
In situations, however, wlierethe formation of the beach allowed 
of it. a convenient bed or ** grave " was dug for receiving the 
Tcssel during high water at springs, such excavalion being pro- 
tected from the ingress of the water at the tbllouing springs, by an 
artificial bank thrown up in the interval. Tliis was the first 
Graving Dix^k. A similar dock is at the present day in use at 
Hofig Kong, the mud bank being protected by basket fascine 
work. It is remarkable, that nnt only do all these expedients 
continue in their original form, but the principles involved have 
in no way been departed from ; and a modem first-class graving 
dock, even now, diilera in nothing, but its dimensions and 
detnds of construction from these first models. 

The ordinary Dry Dt>i'k. at present in use, in tidal rivers, is 
generally a simple excavation, lined with timl»cr, usually with a 
brick, or concrete flwr, and. to exclude the tide is tuniished 
with a gate, or flontimj pontoon — lirst iutToduecd by General 
Ih'ntharii at Portsmouth doekvard. The vessel i liters at high 
water ; the entrance is then cfost^d. and as the tide goes down, 
Ihe dock empties itself through a tidal sluice, and the vessel 
settles down on the block.'* prepared Ibr it. bein^ at the same 
time shored horizontally, to prevent its heeling over. Tho 
sluice being closed, tiie returning tide is excluded by the gate, 
and witli a htfle pumping to keep down the leakiige, the vessel 
is kept dry enough for access, in a tideless sea, a graving doek 
is precisely similar* except that the whole of the water has 
necessarily to be pumped out. As vessels increased in dimen- 
sions, these docks became important works. They were lined 
with solid masonry, the sides being constructed with steps, 
technical ly called altars, for the double purpose of affording 
convenient aecess and also for the support of the necessary 
struts for shoring. Pumping machinery on a large scale was 
added for rapidly exhausting the water, or for rendenng the 
operation independent of tides, and a large amoimt of engi- 
neering skill of the highest order was displayed in improving 
all the details. 

The tbllowing are the dimensions of one of these works, just 
completed at Portsmouth, sutHciently large for docking the 
" Minotaur," a vessel of 6,621 tons. 

Fret. Id. 

Length of floor 4()0 

Ditl<i at coping .... * 426 

Width aU thx>r 35 

Ditto at broad altar .... 75 9 

Ditto at coping 99 

Depth troTii Cf uiing to floor , . . 33 10 

Depth at H A\ . springs at midsliips, . 28 4 
The matt*rials used were — 

Granite to the level of the broad 

altar, 18 feet above the floor 135,0(X) cubic feet 
Portland stoac , . . 26,750 „ 

Bricks 3,75<i,O0() 

Concrete .... 136,(TK) 

Timber 81,000 

Excavation . . . 67,»X)0 cubic yards 

The inclined plane, or slip, has also received its share of im- 
provement. In situations where the foreshore is favourable, it 
IS peculiarly applicable tor small vessels, on account of its 
economy* I'lie hydraulic press has been used advantageously 
as a hauling |Jower,and irreat improvements have been intrwlueed 
in constructing the cradles and other accessories. The didlcuUy, 
however, of berthing large vessels, and the strains to which 
they must be liable in being di-agged up an inclined rigid plane, 
on separate and independent frames, supported on wheels, would 
be a oar to its use for large vessels, if other mechanical difficul- 
ties could be overcome. No slip lias hitherto been constructed 
for large ships, and the difficulty experienced in moving? the 
** Great Eastern " down an inclineo plane, is a fair illustration of 
that Avhich would have to be emx>uutered in dragging it up. 

It will be seen from what has been stated, that a graving 
dock of large dimensions i^, necessarily, a costly work. It must 
he accessihlc by a i\(*vp channel, and must thert^fore be adjacent 
to deep water. In a gravelly sod, or in rock penetrated hy 
fissures, the difficulties sometimes ore nearly insurmountable, 
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A stone dock in such sitiiations not only roquirt?s to be as water- 
tight as a floating dock drawing the saine dt'pth, but mnst be of 
sufficient weight to rt'matn sunk. Tliis involves in it« oon- 
atruction a large amount of maleriaU and tlio greati'st nicetj of 
workman.sliip ; whih>, evtm in ravournbh^ circumstanLH?s, th(^ 
entraofts with its deep eill and rnasunry wiill?^, in alwavj* a eo.itly 
work. It was, rloiiljtfess. the great eost of ^iueh docks, as woll 
a$ tht» inipraeticiibility of making them at all in some bituattons, 
wliieli led to the use of floating dorks. 

Floating docks were originally built «tf tinilier and iif moderato 
8i«e ; but tixe introduetinii of iron for Hhi|djuilding ailded not 
only to the iiiereaned want of doek ac'e<.>ninnHl!itiun. from tlio 
frequeney with which iron vessels ivquire painting, but it al*io 
rendered more praetieable the eouBtnietion of tloating docks of 
largo dimensions. A d<M*k of the earlier deseription was in use 
in the harbour of Marjicilles, and was visited oy the Autlior, 
It eonsist<i'd of a timber pontoon with one end moveable ; the 
sides being high enough to remain above water when the floor 
was sunk sutlieiently deep to allow a vessel to float bodily iuto 
the interior of the pontxxjn. In thin position, the pontoon was 
kept afloat by the buoyancy of the sides, wiiieli eonHisitrd of 
hollow boxes caulked water-tight, the vesiJiel being properly 
secured inuiiediatcly over the block>i prepared for it. The open 
end was closed by a moveable gates and on pumping out the 
water, the pontoon rose with the vesael witlmi it» whick thug 
became acecrtHihlt* for repair. 

An arrangement was also In use in which the boxed ^ides 
were dispensed with* by sinking the pontoon on to a pn-pared 
platform, the sides being still hign enough to reacli aoove the 
water level. 

The same priiicipleR were applied to docks of large dimeu- 
siona, constructed of wrought-iron, and fmiiished with pumping 
machinery of the most elaborate character. 

In America the system attained larther development, there 
being timber docka on this principle at ^ew York, Charleston, 
Savannah^ Mobile* New Orleans, Portsmouth, and Pensacola. 
Mr. Stuart, who gives a full deseription of these works,* atatei?, 
that the Anaericaa Grovernment attributed great importance to 
possessing the means of laying up their tcshcIs of war out of tlio 
water, and under cover, on account of the rapid decay to which 
the ships were sid>ject when afloat. They were also anxious to 
obviate the danger to which large vessels were exposed of t>eing 
strained in the operation of launching. 

To meet these views the dock« at Portsmouth and Pensaeola 
are so arranged that, after a vessel ig placed on the pontoon, it 
may be hauled ashore on its cradle, on bedway.^ on" pared for 
the pur]X)se, To effect tliis, the pontoon is grouiideti in a kJi.iU nw 
basin on a platform constructed for it ; the ways on the pontoon 
are thus brought on a level with the ways on shore, and the 
vessel is drami ashore by a hjttraidic press, Several vessels 
may thus be placed on the ways, or he launched %nth a single 
pontoon. The dimensions of tiie dock at Pensaeola are : — 

F«ei. In. 

Length 350 

Breadth 105 4 

Depth ..... 38 3 

The total cost was— 

Floating dock . . , .£111,140 
Basin and subway« . , 70,646 

Floating gat« .... 2.600 

£184.385 

The transverse floor girders are effectiTely truHficd. Wator- 
tight huikheadfi are introduced, both in the fltx>r and side 
chand>ers, and the water is pumped out by two 20 H.P. engines 
and eighty wooden pumps, placed on the sideii of the dock. It 
waa com],detcd in 1851. 

There is yet another form in use at San Francisco and Phi la* 
delpliia, kuu\^Ti as the floating sectional doek. The jxmtorjn, 
iu.stead of being entire, is constructed in separate and irutc- 
pendeat trannverse sections. called '*cameU,"any numberof whii-h 
may bt* used according to the size of the vessel to be docked. 
The camels are rectangular in form, and are completely sub- 
merged, to allow the vessel to float over the keel-blocks placed 
upon their tlecks. In order to secure stability in their 
mihmcrged stnte, ihvy narry at each end a detai'hed floating 



chamber, capable of being raised oc depressed, by apprapriato 
gearing plact'd bi fi-amed timber tc»wers attached to the ends of 
the jKjnt4:Km.s. As the whole is timber, the camehs remain atloat 
vvvn when filled, and are simk to the required depth by raising 
the floating chambers, their adtlitional weight being sumcient to 
sink the sections, and to maintain their stabUity at the »ame 
time. The water is piunped out of the camels tUl the vetJ 
rests on them. They are thcu groimded in a basin prepared f< 
the purpose, and the vessel hauled asliorc as before. 

The Philadelphia Dock has nine sections, each 32 feet wii 
105 feet long, and drawing IQ feet of water with a large ve*i 
upon them. When used together, they form a dock 300 f< 
lung, and 105 feet wide. Their total di^^placement is 5,H<M) loi 
and the co.st was Jt;170,0f>0. They are emptied by two 20 H-P.^ 
and two 12 H.P. engines, working tliree pumps at each end of 
each section, with moveable shaftmg. 

Floating docks are necessarily limited in their use, not Ofnlj 
by their enormous cost in construction and manipulation, bi 
aFso by their great liability to accident from the slightest 
management. The raising of a vessel on such a machine a.s 
juat described is really a dillicult engineering operation in itsci 
The doek at San Francisco was senously damaged, and 
Majesty's ship '* Termagant " nearly cap^dzed, in a recent 
attempt to plac4^ it on the camels. 

The loss of the floating dock in the London Docks has been 
described, and a similar action happened to that made for 
Sourahaya, ,Iava. A large dock, erected at Kio Janeiro, wat 
found utterly unmanageable, and was never used at all. The 
fatal disiister which occurred with the dock at CaUao will be frc&h 
in the minds of members, and indeed the history of a large nuniber 
of these docks is notoriously a history of failures or diaaiiters. 
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It was with a view of meeting, as far as possible^ the ol _ 
tions to existing systems, that the Author proposed the Hydraulio' 
Lift Graving Dock as the most eflicient and economical sub- 
stitute for the requirements of the Victoria Docks. ^m 

It was ultimately constructed by a totaJly independenlH 
company under the " The Thames Graving Dock Company." 
The neceBsary capitah originally £105,000, was raised in aharei 
of £1,000 eadi, and was privately subscribed, 

The site selected was a plot ot 26 acres of level land, lying 
between the Victoria Docks and the Thames, and below the 
level of high water. This site admitted of a direct entrance 
from the Docks, with a permanent water level, witliout the cost 
and delay of a special entrance from the river. The soil ii a 
deep bed of bog and alluvial mud. on a substratum of gravel. 
The only excavation necessary was the lift pit, and its deep 
entrance to the dock, where a cofl'erdam was employed. 

The depth of water in the lill is 27 feet ; over the re: 
water space it is only 6 feet, which is the maximum drai 
the pontoons. In tliis shallow water space there are 
pontoon berths, separated by jetties for workshops and 
each birth being 60 feet wide, and from 300 feet to 400 feet long 
and surroimded by brick -retaining walls. The bottom wii 
covered with a level layer of peat clay, to prevent leakage to the 
gravel beneath. A sluice through the surrounding bank reodim 
xt easy, at low water, to empty tlie whole of the space ; but wfien 
this is done, a dnm must necessarily be thrown across the iroper 
end of the Doek^ to cut ofl' the access to the Victoria Docks. ^& 
area of shallow water is 16 acres, alTordlng suificient space for 
floating flfleen or twenty pontoons, which, it was estimated, mi 
about the number that might be kept employed by a single lift 

The docking of a vessel consist of two distinct opeFatiani* 
First , the direct raising of the weigh t on the lift ; second, the trans- 
portation of the vessel to any eonvement ]Josition for its r«piir 
on the pontoon, 

The lift is a direct mechanical appliance for raising thm resiel 
by means of hydraulic presses, it consists of two rows of cast 
iron columns, each 5 feet m (hamcter at the base, and 4 feet il 
diameter above the ground-level, and sunk about 12 feet in the 
gruimd. The clear spac<y betwtH^n the two rows is 60 feet, lod 
the cokunus are 20 feet apart from centre to centre, and iw 
placed on each side of the excavated lift pit, in about 27 fisetof 
water. There are sixteen columns in each row, g:ivLDg a ItfSgth 
of 310 feet to the Dock ; but, as vessels may overhang at «t«b 
end, there is a practical working length of 350 teei, T%» 
columns were sunk in the us mil manner, three or four h&JOg 
tkua ^cd\>etweck. When the requij 
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tlie base was fiUcd with c^ntTcte, an J eovered with a layer of 2 
inch plaaks, t*> act as a i^uahion for the cast iron scat im v^hieli 
the pregg rt^stifi- No great ai'curary of poKition is requiredt as 
the auspendcd load tcmhi to bring all the columns vertick^, and 
if any eolutzm ahoiild, during use, be eren seuj*il)ly tlini:^t deeper 
into the soil, the ram follo^vs its work, independent of the level 
of the pre^H. The eoluiinis s^iipport no weight ; hut act solely a« 
guides for the cross heads of the presses, which move to slota 
Deftohing from the top of the presses (just clear of high water) 
'"'the top of the eohmins. liie coluinii ifl etjvered by a cap. and 
«iieiL row is timdy eounecieil together at the ton by a wrought- 
iron fmmed platt'orTTi, running from end io enti of the Dock on 
each side, Thii* plattbmi fornix a convenient permanent scaffold 
for raising the rams. The whole length of a column is 68 feet 6 
inches. A scale is prijited on each column to regisjt^jr the motion 
of the cross heads while rising or falling. 

The presses and girders are managed as follows : — Each 
column encloses a hy<lninhe nre^is of 10 inches diameter, with a 
length of stroke of 25 feet ; the top of the press is juyt clear of 
the highest water, and it is kept in place by a collar or diaphram 
in the column. The ram?* are ^obd, and eacli carries a boiler 
pUite cross head 7 feet C inches long, thus c%\tending 1 foot 9 
mches beyond the i^folunm on each side. From the ends of the 
are suspended, by wTt>npht iron bars, two iron girders 
feet long, wliich extend entirely across the Dock to the 
mding column and press on the opnosite side. There 
are thus sixteen pairs of snspeBded girders, ly'^K ** 1^^^ bottom 
in 27 feet of water, when the presses are lowered, but rising 
above the surface, when the presses are raised. They form a 
large wroughl-iron platiorin, or gridiron, which can be raised 
or lowered at pleasure, with a vessel upon it. Tlie detail of the 
machinery is identical with that employed at the Conway 
Tubular Briclge ; and those who naw that bridp raised have 
onlv to imagine thirty-two tubes side by side instead of two, 
and they will have a perfect representation of the lift. The 
main girders are 5 feet t> inches det^p, of wrought -iron trussed 
with a (!ast iron top flange. Tlie sectional area of each ram being 
ItK) circular inches, a pressure of 2 tons per eireular ineli gives 
200 tons OH the biting power of each press, or 6,4(J0 tons for the 
whole lift; but to find the available lifting power» there must 
be deducted 620 ton's, which is the weiglit of the ram a, cross 
bead, chains, and girders, leaving 5,780 tons for the pontoon and 
Teasel. The presses were testefl at 2 J tons per circular inch. 
The girders are designed for carrying the vessel as a load at 
the centre, although the load is distributed by the }>ontoon, and 
tbe wide base used for tin- blocks. The water is forced into the 
presses immediately beneath the collars at the top, this being an 
acceasible ijosition. 

The grouping of tho presses was an important consideration. 

If each press were worked entirely independent of its neighbours, 

it is eriacnt that precisely the same quantitj- of wat^T must be 

thrown into each press to avoid unequal strain. Again, if the 

whole number were supplied from a common head, the sbglitest 

excess of weight at any part of the platform or gridiron would 

lower that part, the water passing back through the pipes Uy the 

presses where less pressure existed; the same diffictifty would Ik? 

experienced with two groups, however arranged. Stability is, 

however, secured by arranging the presses in thret* groups. One 

half of the whole number, occupying the upper half ot the lift 

form one group, eonsi.sting of sixteen presses. Tbe remaining 

eight presses on one side torm a second group, and tbe opiiosite 

eight form the third group. 

The presses in each group are all connected, so that perfect 

L uniformity of pressure is .secured in each as regartis the individual 

■presses ; while the three groups are so arranged (hat their 

^kugitres of action form a tripf>d support, upon which tJie pontoon 

^^^^ated. As any one pomt of the tripod may l^e raised or 

[^HHf^red without regard to the other two, by the most simple 

^ manipulation, the pontoon can be either maintained perfectly 

Level or any inclination can be given to it tlmt may be desired. 

Any pair of presses may be inst^intly cut off in the valve 
room by means of a plug during the operation of lifting, without 
Lint4'rrapting the process. One or more of the end pairs in 
l&linost mvariably out of use, except with vessels of the largest 
lcLas». So delay, therefore, arises from the failure of a collar or 
jpipo, and even should a press burst — ^whicli appears an impossible 
Icontingcncy — the water can only escape slowly through tlie Jinlf- 
Dcb pipe which feeds it ; and by opening the escape valves in the 
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other groups, vessels, partially raised, descend slowly and 
steadily into the water. 

Additional pr<>vision against such a contingency has been pro- 
vided* by an arrangement which gives instantaneous means, in 
tlie valve- house of isolating every press from the rest* For this 
pTiqiose, a special u^na^ of valves is provided for each group, 
which can be> closed simultaneously, by means of an ecc^mtric 
shaft. This arrangement, which forma so prominent an object in 
the valvedionse, has been found umiecessary, and will not be again 
employed. The force-pumps are 1| inch in diameter. There 
are twelve pumps, worked oy direct action by a 50 H.P. engine; 
six of these pumps art? us(*d for the large group, and three 
pumps for eacli of the smaller groups. Th<! power when required 
is increased by cutting off one or more of the pumps. Tho 
engine-house is. unfortunat^dy, 112 yards from the Eft, the wat^r 
having to be driven all this (iistanee through pipes only \ inch 
in diameter. On account of the distance of the engine, a valve- 
house, for the manipulation of the presses, is erected on tho 
platform alongside the Pock. During an operation the engine 
continues to pump, and the valveman throws the water mto 
either group, or to waste, at plea^iure. The raising of a vessel 
occupies about twenty-five mmutes. The pipes and presses are, 
to a considerable extent, sheltered from frost by tlieir jiosition ; 
and during the severt^st cold, a few occasional strokes of the 
engine are found sufficient to keep all in motion, and prevent 
congelation. 

The pontoons are not essential for raising, or docking a single 
vessel, for it is evident that the lift, as described, is ail that is 
required for that purpose. The girders might be connected 
together by other longitudinal girders, so as to form a sutficiently 
rigid plattbrm, or the whole might be formed into a pontoon, which 
would support a vessel after it was raised. Sucn an arrange- 
ment would be more economical and convenient than any 
ordinary dock, but it would accommodate only a single vessel ; 
whereas, by the use of separate pontoons, an indefinite number 
of vesels may be placed afloat, whilst the most costly part of the 
system remains constantly available. 

The following is the arrangement adopted:— An openpontoon^ 
proportioned to the size of the vessel to be docked, is selected, 
keel -block 3 and Hbding bilge- blocks, adapted to her shape, form 
part of the pontoon, which is placed on the girders, and sunk 
with them to the bottom of the dock. Tlie vessel is brought 
between the columns, and moored securely over the centre of tho 
pontoon. By bfting tbe girders, the keel-olocks arc first brought 
to bear under tbe keel of the vessel; the side-blocks are then 
hauled in, by chains laid for the purpose on each side the dock, 
and the grimron and the pontoon, with the vessel upon it, ar© 
then all raised by the presses etear of the water, Tne pontoon 
is provided with valves in the bottom, and thus empties itself of 
water. Tbe valves are closed, and the girders again lowered to 
the bottom, but the pontoon, with the vessel upon it, remiujks 
afloat. Thus, in about thirtv minutes, a vessel, drawing 18 feet 
of water, is left atloat on a shallow pontoon dmwing 4 feet or 6 
(ei}t, and may be taken into the shallow dock prcjMircd for its 
reception, 'fhese docks are surrounded by workshops and tools, 
with shelter for the men close up to the bulwarks of the ship. . 
The vessel is, in fact, bmught IxHrhly into the centre of a f>t>nve- 
nient workshop. It is taken to the smiths', or the caqienters\ 
or the machitu* shops, according to the nature of the repairs 
rcqnirtMl, and is moved easily Irom one to the other. 

The uuniber of vessels that can be thus docked is limited only 
by the number of nont<K.>ns, each pontwm constituting a separatee 
and indepemlent. dock. Ttie pontoons, wbi«*li are all about 53 
feet wide, vary in length and depth accorthng to the class of 
vessel intended to be dr>eked, and are rectangidar in form, and 
open decked. The sides are vertical, and are strengthened 
longitudinally and transversely by wrought -iron girders, running 
frnin side to side, and from end to enil, and thus forming a 
series of rectangular diWsious. Tbe ptintoons are divided into 
water-tight comiwirtnients, by means of bulkheads formed of tho 
girders, each compartment being provided witli a circular valve 
in tlie bottom, closed by a serew-shalY. The transverHc girders 
are 8 feet apart, and support the bilge-blocks on their upjM»r 
flangeu. In tbe largest i>ont0i>ns these girders* form inclmed 
planes, declining in height towards the centre, to facilitate the 
running*in of the block-fnimes. There is a strong longitudinal 
centre girder, with a broad top flange, for supiwrting the keel- 
blocks j on each side, the two other longitutEnal girders are 
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placed equiiJly disUnfct and in tlie line of the side bloplcs. There 
are seven pontoons at present in use» their dimensions being 
given in the follo^'ing table :— 



Fo. 


LpDgth. 


Di^pth. 


Net Ti>wi»fe. 


Co.i. 


Fwt. 


F^^^t. 


Feet. lach«t. 


Tont. 


£. 


!♦ 


241 


6 2 


L750 


• 6,130 


2 


241 


6 6 


1,<>^Q 


6,086 


3 


201 


5 6 


1.450 


5.725 


4 


201 


5 6 


1.450 


5.683 


6 


157 


fi 


I.IOO 


4,1' O 


6 


131 


6 


93U 


3.t5(K) 


7 


321 


7 

pMtly continicted. 


3,OtlO 


10,853 


8 


281 


7 


2,450 


... 



£. 



2U,300 



Tbe ooflt of the lift and other machinery w«j4 :— 

The lift complete and tLxi-d, inchiding coliimns, 
prc8a(*s, girders, itnd pipes . , . . 

The 50 H.P. condenning engine and pnmps, 
boilers and conneetionH, in eluding the vmvo 
arrangement (not a necessarj part of the 
apparatus) ....,,,. 3,600 
The cooneeting pipes, including all testing, 
fittings and hxmg, supply of workshop 
tools, experiments, Ac. ..... 1,628 

It may be remarked that, a high-pressure engine would be 
more convenient^ and far more eoonomieaL 

There are, doubtless, many details which may be materially 
improved after seven years' experience ; but it ia a proof of the 
simple character of the machinery, that no modiiication, or 
renewal, or repair of any kind has been necessary, although, at 
the end. of last year 1,055 vessels had been lifted, of an aggregate 
tonnage of 712,380 tons, without a single casualty. 
^ No remark is necessary on the ealculalions employed in so 
simple a machine. The area of eacli pump being 3 J circular 
inehes, their aggn:*gftte area is 42 circular inches. Similarly, 
the aggregate area of the thirty -I wo presses is 3,20il circular 
iDohes. The action, disregarding friction, is therefore identical 
with that of a lever, wliose arms are respectively 42 and 3,2(X). 
The respective velocities and pressurcj* are thus obtained by 
direct proportion, the ]iower being a 50 H.P, engine on the long 
end of the lever, and the weight lifted being the vessel on the 
short end; while it may be remarked that* in a stone dock, the 
power employed bears no proportion to tbe work done, and is 
always immensely greater. 

As regards the advantages of this pontoon, it will be seen that 
it dififers. in many respects, from an ordinary pt^ntoon. In the 
first place, it is open without a deck ; the sides are no higher 
than is required for the load ; it is not incumbered with any 
pumps, or machinery, or inaceei*sible chambers; when submerged. 
Its stabihty is ensured by the presses, and, when afluat. its form 
gives it the greatest amount of stability possible; while the 
simplicity of its construction renders the cost extremely 
moderate. The durability may be csliniat^^d from the fact, that 
the eflect of seven years* wear and tear is imperceptible, 
although, during all that period, the pontoons have never been 
repainted. 

The pontoon affords special facilities for blocking vessels, atid 
for access to them when blocked. This arises from the elenr 
spaee which the open deck of the pcniffNin allords for blot?ks and 
scaffolding, and from the fact, that llie keel of the vessel is 
everywhere accessible, on account of iU(* deep space beneath it. 
This peculiarity has been found of great value, since the renewal 
of a Iceel, in an ordinary duck, is a work of great dtlBcultv. 
There is, however, no feature of greater importajiee than tlie 
absolute freedoTii from strain aflerdcd by the partial elasticity of 
the })ontoon, and the means of balancing it by admitting water. 
To appreciate this, it must be borne in mind that the object in 
supporting a vessel out of water should evidently be to replaci', 
as precisel^v as possible, tbe pressure which the water affords, 
when she is atlait. It is in this respect, that a stone dock is so 
deficient, and the eflect on large vessel so notorious. An iron- 
elad vessel w^eighs about 20 tons per foot mti ; but, if divided 

. '^^'t^^ I/^-mCooa wna ihanwd with irood in ii9 outer eompftrlmeaU, and onlj built 
r ibei ti^h, tho w;mliaf baiag aiUrwMrdM mdd0d. 



into a serie.'^ of transverse sections, the support at every section 
will be equivalent to the displacement of that seetioo. At the 
centre ol tlie vessel, where the bulk i* large, it will be much 
greater than at the bow and stem ; but when supported on the 
rigid floor of a stone dock, the stiffness distributes the weijght 
nearly uniformly, over the whole length of the keel. Looking 
at the sliip, then, as a girder, and the buojmncy, or the supports, 
as loads laid on, tbe girder ia evidently, in the two eases, sub- 
jected to totally diflerent strains. The superior buoyancy of 
tbe centre of a vessel frequently shows itself by the tog-l3iick 
form it assumes, or by the wrinkling of the copper, and, in an 
ordinarjr dock, thi^ last appearance, not unfrequentlj, indicates 
the » train to which vessels arc subjected. 

Again, the bottom of a stone dock is a narrow floor prepared 
for the keel-blocks, with no means of support under the sides of 
the vessel, where the whole weight is concentrated. As the 
water is luwered, the vessel rests at first solely on the keel, and 
the enormous and injurious strains, thus thrown on the ribs of 
an iron-plated vessel, may be imagined. Indeed, no greater 
ilr part lire fn>m the support previously afforded by the water can 
be conceived. It is true, that the forest of struts always placed 
between the vessel and the altars on each aide, do, to a great 
extent, repla<*e the hori;sontal pressure of the water, by tending 
to keep t\w sides together ; and without such support no vessel 
could oe so docked at all. But the Author need not point out to 
Engineers, that in dealing with a weight of 2J tons per foot nm, 
no vertical support of any value can be obtained by strut*, which 
must of necessity be nearly horizontal, and which, when slightly 
inclined, have been known to disturb the solid masonry step« of 
the dock itself. As soon as tlie water is pumped out of the dock, 
proper shores are added under the bdges, but the mischief is then 
done, and the quantity of timber consumed in these blocks and 
shores is, alone, an item of cost many times greater than tbe 
whole expense of docking such a vessel on the permanent blocks 
of a pontoon. The whole current cost of the latter operation, 
including prt^paration of blocks, coals and staff, does not average 
£3 per vessel, in the Thames Graving Docks; and it is performed 
as loUows : — 

The permanent keel and bilge blocks are first packed up with 
reference to the form of the vessel, and secured together with 
"dogs." The bilge blocks move on sliding frames, and as soon as] 
the keel touches the pontoon, the frames are drawn by chatnil 
down the cbannel?^ prepared for them, and are thus made to abut] 
solidly against the ship in a position nearly vertically beneiitlil 
(besides: a ratchet prevents their return. The vessel is thuaf 
iiilly blocked before ueing lit'ted, and, when lowered again and 
left afloat, the elasticity of the i>ontoon secures an equable bear-l 
in'4 on each block, and prevents any block doing more work than] 
its neighbours. The vessel is supported at numerous points. 1 
pressures analogous to the pressure from the water itself j it i 
also resting on a base 30 feet, or 4k^ feet wide, so that witliOQ 
shores its stability is beyond all question. 

Again, the support is rendered proportionate to the displace 
ment, by admitting wat+^r into the compartments, as in ill 
American Floating Duck ; thus any excess of pressure shown I 
tlie blocks is immediately remedied. When the pontoon is long 
tlmu the vessel, the end compartments are invariably ieft oneo 
atid only that portion of the buoyauey of the pontoon ia retaine^ 
which the circumstances require. 

Tlic stidhess of a pontoon depends on its depth. The amoun 
of longitudinal stiffness necessary for a pontiMjn when JifL.rii 
very smaU ; for, if the balancing by means of the water is 
regulated, no strain is thrown on the vessel from 
rigidity. It is indeed evidt*nt, that if a pontoon were perfectly 
elastic, and became a mere sheet of indta-rubber, that tlir sir 
would be absolutely ideuticjLl with the strain in the water. Itii 
however advisable that tbe strength of the pfjntoon, IrttemTlf 
should be nearly sutlicient for supporting a vessel restiii 
on the keel-bloeks.as the bilge-blocks are necessarily i' 
It is also necessary to retain a considerable amount of long 
nnl strength, on account of the uniform character of thtH 
fl»rcc ; this is, however, modi tied by cutting oft' one or mor 
of interuiediate presses; and in docks which are now in pr 
tion, the presses are not placed at equal distances* but 
together at tiie centre of tlie lift than at the ends. Tlie ? 
suit may be obtained by slight Iv iiicreasint^ the an^ft -^^ f^- 
presses . The whole subject of bWking is full of pr 
and nothing will excite more attention, in a visit ..... 1> 
than the extreme facility with which the operation is |H.'rfor 
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&nd the cane with which a single operator appears to handle 
these, apparently, unwieldy stnictnres. 

It is imnetvssary to dwell on the subject of the stability of the 
poutcKm itself wlivn afloat: the author would only observe, as the 
result of calculation, that the effect of a pale of '20lbs. pressure 
per square foot on the broadside of n frigate, with every snil set 
pe rpc'iidieuUir io the pressure, would be an extra immersion of 
only 5 inches on the lee side of a pontoon. In practice, no gale 
Cfver produce* any appreciable motion whatever. 

Although, howertT, the tiltinjif effect is inappreciable, yet during 
a gale of wind the navigation of a vessel, on the deck of a. pontoon, 
requires proper caution. Thia was illustmted by a singular acci- 
dent, which ocmrred during the great gules of 1800. A vessel, 
which had been repaired, waw being towed by an 8-ineh liawaer 
across the open dock during the height of tlic Htorui; the rope 
gave way, and the pont«x»n, i^ith the vo8sel upon it, drifted, with 
rapidly inLTcasing velc>city, entirely across the dock, when it eame 
in eonlaet with two empty pontoons, lying alongsitle the jetty. 
The ininiediate rffeet was to stave in one of the compartments, 
which filled* and the pontoon rebounded back some distance into 
the dock; the wind, however, catching it a seeond lime, it again 
itniak the pontiMimw and unfortunately staved in a serond com- 
partment, and sank- The vessel, however, remained upright and 
uninjured on the blocks. The operation of floating it again was 
eharafteristic of some of the advantages of the system. A low 
dam was placed aeross the upper end of the dock, in the shallow 
water, ana a few feet of water were run out of the dock, by means 
of the shiiec^ This was sufficient to expose the side of the pon- 
toon ab<:)vo the water, the damaged plates were then made tight 
with clay, and on pmnpiog out the remaining water in the pon- 
toon, it was left afloat again, and placed on the lift tdJ it was 
repaired. 

As to the practicability of enlarging the system to meet the re- 
quirements of vesKela of any siie, it is evident ihat by simply 
placing an additional column between every existing column in 
the present lift, the lifting power would be doubled, or made 
6,400 tons, without altering the strain of a single bolt. The 
same result might be obtained by placing two presses in eaeh 
eolunm, and this was the tbrm adopted iu the designs prepared, 
by order of the Lords of the Admiralty, for vessels like the 
''Minotaur/* The lifting power msy tiirther be indefinitely in- 
creased by enlarging the area of the presses, and no mechanical 
difiieulty would be esperieneed, with even ten times the weight 
alluded to. 

Again, the weight that could be lifted may be doubled, without 
any alteration of the presses, by using a close-decked pontoon 
instead of an open one. An additional lifting jwwer equal to the 
displacement of the pontoon would be thus obtained by pumping 
OfUt the water: the prtnssea would ens^ure the necessary stabdity 
and complete the operation. A dock in this form was also de- 
signed for the Admiralty on their olBcial request; but it is evident, 
noadyantage could result from the Hubstitution of the pontoon 
aa a partial lifting power: it is, in any tbrm, a far more costly 
arrangement, and its combination with tne presses removes none of 
its disadvantages. 

Although no doubt can exist as to the capability of the lift, to 
deal with any required weight, the Author feels bound to state, 
that 8ome doubts have bfen expressed as to the expediency of 
docking vessels of the largest class on a pontoon without the 
ordinary horizontal shoring, which forms so prominent a lentiiro 
in an ordinary dock, and wliieh would be naturally abandoned 
with reluctance by an old shipwright. There are, moreover* some 
localities where the docking of the largest class of vessels is so 
rarely required, that the cost of a special jmiu toon is scarcely war- 
ranted: an arrangement has accordingly been perfected which 
will fuliv meet these requirements. Altars or steps might un- 
doubtedly be placed on apont<:K)n; but to secure an efficient base, 
tk considerable increase oi width would be necessary, as well on 
the pontoon as in the main girders of the dock, The re<|uisite 
baae may, however, be obtained by projecting the lifting girders 
beyond the columns, on each side oi the dock. It is further pro- 
posed to combine them by longitudinal girders, and then, by 
close plating the whole externally, to convert the platform or 
gridiron int-o a water-tight pontoon, with framed altars on each 
Bide, of ffoiBcient height to remain above water when the pontoon 
ia sunk. The presses would then lift an entire floating dock, of 
the ordinary form, which, when niised, would remain afloat, in- 
at of tho presses^ but be capable of being moved from ita 
Ipoaition. 




Smaller pontoons might be used in the ordinary manner, by 
lifting them on the top of thia fixed pontoon. This would afllbrd 
efficient means of shoring in the ormnary wrj, and effect some 
economy as regards tlie construction oP an independent large 
jHmtoon; inasmuch as the main girders of the dock wotdd take 
the place of the transverse girders that woiddbe required for the 
pontoon* This arrangement is spt^cially appheable to places where 
only a siogle dock is required, 

K umbcrless other modi fica tions suggest themsel vca. The pon- 
tc>on may be used in any ordinary dock, or in a tide-way where 
the rise and fall is sufficient, without a lift at idl. The tide may 
also be made available in diminishing the stroke of the presses to 
the extent of its rise. The lift may be erected in any open 
channel where there is suiBcieut shelter, and whatever be the 
character of the soil — the only limit to its application i a in plaoea 
where the depth is too great lor fixed i*olumns ; but even for these 
situations a modifica.tion has been devi.*<ed by Mr. W. H. Walker, 
which possesses great merit. This gentleman proposes to float the 
presses themselves, on a aerirs of pontoons, employing machinery 
very similar, in many respects, to that (h\scribed. The dock thus 
becomes a moveable floating dock, eapal>le of being moored any- 
where, and of its position being changed when desirable. It is 
also very portable in its parts. 

In eonelusion, it must be admitted that however successful this 
system may have proved in a meelixiuieal point of view, its early 
history was characterized by complete want of commercial success. 
The first misfortune, which befel the Company at starting, was 
the irreparable loss of its Chainimn, the late Mr. K. Stephenson. 
The Company had commenced with insufficient capital, and before 
completing their works, they found themselves deprived of the 
master mind, on which they were so much accustomed to rely. 
They possessed no large pontoons; and it was originally intended 
to rely solely on the dues from dorking as a means of revenue; 
they were surroujided by numerous eom])etitors, on each side the 
Thsimes ; and to such an extent was competition carried, that the 
docking of vessels was, for a long time, performed in the Port of 
London without any charge whatever being made for dues. As 
the oflieera of the Company were restrained, by strict instructions 
— ^isRued by the direction of the leading propnetors — from under^ 
taking repairs, or entering into any DiercantUe arrangement, they 
were helpless, ilnd it wns seldom that even half the amount of 
the intended charge for docking a vessel could be obtained, though 
that charge was only 6d. a ton for the lifting, and 2d. per ton per 
day for tlie use of the pontoon. It then became evident that 
tlie only alternative was for the Company to entirely change their 
system of business; to become themselves manumcturers, and 
to do all repairs, &c. The immediate result has b«H>n succeaa- 
ful beyond exptK'tation, The Company now possess one of the 
most perfect and extensive sliip^repairing yarcis in the kingdom, 
with spacious workshops, and abundant machinery for every class 
of work. The weekly payments, for labour only, reach £1,(X)0, 
and although they now possess seven pontoons, equivalent to seven 
distinct graving docks, yet, to meet the increasing requirements of 
their trade, others are being constructed. The number of vessels 
that resort t-o the establishment is increasing, and among them 
are included some of the largest vessels that frequent the Port of 
London. 

The nriudpal features of the system may be oonyemently 
snmmea up, as follows :— 

Ist, Its economy, as well in its first cxjnstruetion, as in it« auli- 
sefjueiit maint+^nanco, 

2nd. Its adaptability to almost any situation, especially in har- 
bours or tideless seas, 

3rd. Tlie capability of almost indefinite extension, by the con- 
struction of additional pontoons, or as regards the lift, by 
the addition of extra columns, 

4th. The simple* and durable character of all its parts, and their 
perfi-ct accessibility. 

5th. The short time ref[uired for its conjitmction and erectioiL 

6th. The nipidity of its manipulation, and the small stoflT 
required. 

7th. Tiie convenient occeBS aflfbrded to all parts of the ship, and, 
especially in painting iron ships, tlieir free exposure to 
light antl air. 

8th. The frt*edom i^rom strain with which vessels, even in cargo, 
may be docked. 

9th, The means afforded of rendering any area of ahollow water 
available as a dock for the largest yesselB, 
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The above diaractensties are the r^'snlt of direct experience; 
but it may he upfiful to indicate others that maj he anticipated. 

In the first place, it is evident, that this system affords ready 
means, by the construction of a shallow canal, of transporting 
the largest vessels in cargo either across an isthmus^ or over 
river shaUowa ; and of removing vessels of war inland, either for 
their protection, or for their employment as a means of internal 
defence. 

The pontoon affords a oonvenient and econorniciil method of 
avoiding the risk and cost that attends the kimehing of new 
vessels. It is intended by the Companv to build vessels on their 
pontoon St which maybe grounded for thin purpose on a Icvd bot- 
tom, and an immoveable platform will bo thus at once secured. 
The launeliing will then be reduced to simply lowering on the lift. 
In this manner vessels of any dimensions may be constructed in 
a shallow estuary. 

Vessels may, when unemployed, be laid np and kept dry 
under shelter, and thus preserved trom decay, while the launch- 
of a whole fleet would only bo the work of a few hours. 

No naval establishment possesses sufficient dock accommoda- 
tion to provide for the numerous casualties that oreur during 
war* It will not be doubted, that a lift, with sufficient pontoons, 
would prove of the ulmost value, in aflbrding immediate means» 
after an action, of docking a whole fleet of gun-boats and other 
craft, thus leaving the* existing stone docks for routine use. 

Lastly, it is evident^ that should this system become as uni- 
Tersal m its application as the Author confidently believes it 
must eventualfv do, such a result would inevitably lead to 
important modincntions in the general arrangements of all large 
naval establishments. If ileets can thus be laid up, and vessels 
be built and navigated in any shallow-ivater space, no necesf«iiy 
can exist for that large area of floating doct accommodation 
which is now required ; and a considerable portion of the enor- 
mous expenditure which characterizes such works may be econo- 
mised. 




THE AECHITEClimAL ASSOCIATION. 

The last meeting of the Scision of ihis Aeiociation wai held on 29th 
June, Mr. E. W. Edi«, ihe Preaident, occupied the chair. Mr, C, H. 
HargreaTc, Mr. Alexander Payne, and Mr. E, Bird, were elected 
Knumbera of the Asftoclauon. 

The President rend a letter from Mr, Aehpital^ expresaing regret 
that the Royal Institute of British Architects Imd dtulined to award a 
medal to those who had passed the Voluntary Architectural Examination, 
aa suggested by the Cammittee of Examiners. It was satisfactory, 
however, that other of the proposaU which bad emanated from the 
Architectural Asaociation had been adopted. 

The fuUowiog paper wua then read - — 

ON OENAME^^TAL lEONWORK. 

By Chas. H. F. Lewes. 

Amokg the many arts that flourished in tho times of our fore- 
fathers, some of which have hcen revived in recent times, the art 
of the hkcksmith, the ever fnrourite theme of the painter and 
the poet, is one \^hich ha:* reeeived from H8 the leant ftmount 
of study and attention. This is deuoniiiiated an iron age, but it 
id certam that in tlie early days of our eotintry iron was used for 
aninfinitelj ^eater variety of purposes thnti at presnent, and that 
in eTery artiele, however unimportant may have been its use, 
tome traces of a feeling for ornamental art were di a played. 

Although the Exhibition of 1851 was regsirdt^d \y many as 
the harbinger of univer*«al peace and ironwork, neither of tlieMu 
predictions hns been fulfilled. Much has been done of late to- 
wards improving the character of onmiiu'ntal ironwork by some 
of our enterprising metal -work ern, for which they deserve the 
highest praige, but unforlunatcly there in such n painfunymachiiie- 
jnade look about even some of their best hand-made work that I 
think the true revival of working in iron has yet to come. Of 
course 1 do not refer to sneh rhefx-d*ttuvre a a the Hereford 
screen, and worka of a similarly special nnd costly charaett^r,, 
but to the ordinary every- day productions for ecclesiaaticaJ and 
domestic use. 

Our railway engineers, the iconoclasts of the nineteenth ecntuTT, 
Lave much to answer for in their wholesale abuse of this noble 
and national material, aod J may safelj say that in no other 
country in Europe would such monstrosities Tiave been allowed 
/o be perpetrated as are eontinually being erected in our metro- 
polls — monstrosiUfis not only pamf uUj visible to the educated eye, 
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but condemned by eren those who have not the aUghteat tliAdcyir 
of a pretension to art knowledge. There must be fioi 
woeralljr wrong in the education of our engineers to h?ad 
increaamg depravity of taste and total disregard of app 
and pn blic op mi on. That a purely scientific piece of com 
should necessarily offend otir sight by its repulsive ugl 
disproved by the works of our early engineers, some of 
are perfect gems for beauty of proportion and grace of outline ; 
and again, if wc look to the works of our mechanical engineer ' ' 
we find that, however massive, as a rule, they haire a certa 
harmony of parts, the eflect of their perfect litness for the woj 
they are intc*nded to lyerform, and present a strong contrast 
the clumsy masses of material piled up by our civil engiueei 
This would lead ui5 to infer that the science involved in mode; 
engiuoering works is of a very doubtful charact4?r ; and thii 
conclusion is rather •trengthened hj the failures oonatanth 
taking place in such simple matters, for instance, as a row of brii 
arches io a railway yiaduct, even before a rail is laid or the pai 
pet is on, which ae<ndents are generally very oomplacenth 
attributed to an extra shower of rain, or something equally abs 
and never to want of care on the part of the engineer. To m\ 
mind there d*:>es not aptwar to be much more science in suape 
ing one of those Leviathan inyn tankn called railway bridges. 
tween two dead walla than in throwijig a log across a moan I 
streatn. Our engineers may hftv<^ been spoilt in some measxuv 
by the twaddle thati.s oeeaHJonally written in our leading joumall 
in praise of their large public works; for what can be worse than 
to be tolil that the hideous iron pipes of the Charing Cross Bridge* 
remind you of the r«»ck-cut t^^mplcs of E^ypt, or that the erode 
works of mUitary engineers are equal, it not superior, to tbtt 
works of Michael Angelo. It is to be regretted tliat in so feW 
words Mr. Fowler, in his opening address before the Institutioa^ 
of Civil Engineers, should have dismissed the subject of archi* 
tectural art in engineering works, and had not a word to say in 
condenmation of the abortions in iron designed by ^ome of hit 
contemjwraries. 

It is scarcely necessary to refer to the necessity of desigmng 
ironwork with a character peculiarly its ot^ti, and not in imita- J 
tion of the features of wood or stonework, and that it should ba^| 
in keeping with the architecture of the building of which it iiV 
an adjunct. Not any one would now be gudty of the anachion- 
isms coramitt'Cd a few years since, or who would perpetrate 
such things as were done by a church architect of some thirtTj 
years ago, one of whose favourite arrangements was to make hm 
apparently massivt* oak doors of a mixture of deal and c&8t-iKH)«^ 
the framing being of deal, and the cusping and mouldings to thi 
pani'ls being of cast-iron screwed on, the whole being afterwai ' 
gmitied in the most artistic manner to represent oak. One 
the latest and most important examples of what to avoid in t 
direction (and in which wc have to regret that a good opportunity i 
was lost for shewing what might be done in the consUt^nt treat- 
ment of ironwork), is aflbrded by Westminster Bridge,! 
single extern n I detaU of which is a cast-iron copy of 8totie< 
Whatever difl'erence of opinion may exist as to the merita of 
portions of median^al architecture, there can be no question _ 
the superlative excellence of its metai work, and of tlie true jiRfl^ 
ciplcH worked out in the best ]>eriods of it; it is only in Uie uieit 
specimen H tliat we find imitatioui of the treatment of olJier 
materials . 

Ircmwork is often made to appear too heavy in execution, &ob 
t!ie designer judging of the effect from geometrical elerj * 
only, and forgetting that when seen in perspectire, theinl 
become smaller, and the bars become larger, from sec 
faces of them, if square in section, instead of only one, as 
ek^vation, and conseqiumtly the proportions of the whole liiiaif 
are entirely altered. This mistake is more easily pc'^reeptibls ai 
wrought ironwork where the iron is generaJlj useu of an obklig 
section for strengtb, shewing the narrow edge on the fbee. 
Many cases have come under my notice where designs, oiherwisff 
good, have been spoilt from this failing, when carried into exer- 
tion. Allowance ought therefore always to be made for thif 
peculiarity, and ironwork ooght also to be designed with spcoil 
reference to the position it is intended to occupy. For instinct 
when seen against the skv, surface treatment is of course ttih 
necessary, and a much Iight^^^ and more delicate i4iarff^'**^ 
ought to be ailopted for internal pun>oaes. 

It is as weU to remember that the heaTiest ironworic u Dot 
always the strongest, and that the re<piisite aniouitt of stM^ 
may "bo obtained by a proper distribution of the 
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partfl of the design. The nioneroiis examplefl of gcxid ironwork 
to be found in London alono are guch as to make our present 
deficiemncs in its art treatment atill more ineieuHabks and wo 
hare only to cross Uie Channel to sec what a revolution has been 
effected there during the last ten years in metal work generaUy^ 
for one cannot walk a dozen yards in the new quarters of Paris, 
or the hirge towns of France, without meeting with something 
worthy of notice in the way of ironwork, in the shape of the rail- 
ing to A square enclosure, balconies, baleonets, window griUi*s,4t<%, 
for the most part of wroutyht iron» where the linen of the de»i|^n 
bear the impress of eareful Ktudy on the part of the designer, and 
do not look as if they came out of an ironmonger's pattern iKKjk. 
The oltra-rofinement and dehcaiy which characterize the stone 
carving, and details generally of the arehitecture of JVapoleoD III, 
which woidd in some respects be improved by j^eater boldneHH 
of character, are the attributes particularly suitable to good 
ironwork. 

It is curious to see with what pertinacity we adhere to the old 
st^jreotyped form of railing for our parks and squaresi, consisting 
of upright barn, top rail, and the everhisting spike-beada of the 
Improved warlike pattern, and the same sort of thing, on a 
smaller scale, for tne areas of our private houst*^, which makes 
the basements look more like the clcn« of wild beasts than the 
abodes of human beings. 

Before proceeding further, I will reter to the d instinctive 
features or some existing gpceimensof gCHidonrjamental ironwork. 
The elaborate wrought ironwork executed in the reign of 
William and Mary, for Hampton CViurt Palace^ by Huntington 
Bbaw, of Nottingliiini, is, or ought to be, well known to every 
architect. Some of the best portion >f of it were taken away fi-om 
the railing which separates the river Terrace from the Home 
Pkrk, and deposited in the South Kensington Museum. This 
ironwork is belie ved by some to have been designed by Sir 
Chnatopher Wren, but I think there may be d^>ubt^^ upon this 
point, as the smiths of Nottingham have always been eefebrated 
ibr their work, and the execution of these gates is of Huch a 
ll|>erior character that it is very |>ossible that they were 
'tienigned by the workman bimselt*. The design of these gates ia 
noteworthy for the clever way in whicli heraldry is made to 
play its part in the general effect. In the centre |>aneL'^ of those 
preserved at South Kensington we have the ro?*o of England. 
the tliistle of Scotland, the barn of Ireland, and tJie royal 
monogram arranged in the mo>it cimrrning tnaniier. The bold 
and graceful lines of the scrolls and foliage whic h make up the 
rest of the design afford good evidence of the perfeefion wliieh 
the blacksmith's art had attained at that time. It is in the 
wrought ironwork of this period, Iwth in Engluud and on the 
Continent, that we find such elaborate? inulatious of natural 
flower* and foliage combined most artistically with the con- 
TcntJonal forms. 

The introduction into ironwork of armorial bearings, mono- 
j^ma, and dates of erection, shuuld be entnmraged at the 
present day, b3 it would add a material amount of interest to 
ihe work. 

The English wrought ironwork of the first half of the last 
century, of which there is a great deal eidstiug in Loudon and 
it« suburbs at the present time, deserves our attention for the 
▼ery simple and honest methcKin by wbieh a reallv good elleot is 
obtained in most instances. The designs generally consisted of 
Tery light and ele^nt senilis, with foliage of a purely con- 
Tentional character, mtroduced in the moat sparing manner, so as 
not to interfere with the lines of the scrolls. Uur domestic 
buildings of this date had very Httle architects ra I art externally, 
except in the* shape of ironwork, and what there was of it 
internally, was connned to the wrought iron staircase railings, 
the chimney-pieces, and the ceilings. The fine gates to be found 
in our Inns ot Court, and attached to some of our country man- 
aioDs, belong to this period, but the best example I know of is to 
l># seen in the Armoury House of the Honourable Artillery 
Company at Finsbury. 

The excellent musomn of antiquities at Eouen is particularly 
rich in specimens of good French mediievnl ironwork , the most 
perfect of which consists of a pair of gates formerly in the 
catliedral,ftndisa first- rat« piece of workmanship. Although of 
the Tery lightest character, the diagonal arrangement of the filling- 
in bars, wliich is seen very often m mediaeval work, gives a won- 
derful amount of stifEbess. These gates belong, I believe, to the 
beginning of the fourteenth centniy, A sbght sketch of them 
appeared in the Builder some years ago, but on too small a scale 



to give Buy idea of the originals, and in the paragraph attached to 
the sket^'h they were assigned to tlie tweJflh century, which I 
think was a mistake, as they bear the character of a much later 
date. Another good example to be seen in the same museima is 
the frame of a doorgrille of the fifteenth century, which came from 
a convent near Bouen, and exhibits a very effective mode of treat- 
ment prevalent at that time, \iz : — the piercing of thin plates of 
iron, and placing behind them red leather, or sometimes rod cloth. 
This treatment is often seen in the lock -plates of old chests. Ko 
student who visits Houen ought to fail to see its museum, as 
nearly everything contained therein will be found to bear some 
relation to arcbitcctunil study. 

I cold d have included among my references a few more ex- 
ample.i of the ironwork of mediaeval times, but tbnse penV>ds have 
hevn so wt*ll and thorougUy illustrated in the works of Digby 
Wyattv Waring, Pug in, ParktT, King (of Bruges), RjUTnond 
Bordeaux, and many others, that I cannot do better than refer 
any one wiKlung to study the subject to those liooks; of course 
pt^r.'ional study of the objects themselves is better still, but the 
advantage of tbeir works is that they fumi.sh the key Ui the mine 
of wealth in artistic wrought ironwrirk open for our exploration 
in England, France, Italy and Germany. I may, however, refer 
to the beautiful screen of Queen Eh^anor's t^ioib in Westminster 
AbbeVt which will repay any amount of study, both of its work- 
mansfjip and design, a^ it belongs to the best period of the art. 
Had it not been happily rescued from oblivion by the hands of 
Mr. Scott, and restored to its original position, it is very probable 
that it would have shared the fate to which numberk^ss other such 
ecclesiastical antiquities appear to be doomed by the igooranco 
or culpable negligence of their appointed gun rdiaus. An instance 
has only very recently como under my notice* of the way in which 
good old art relics are di-strnyed. In Parker^s Glossary will bo 
found an illustration of a fine old chest, at Guest ling Church, 
Sussex. A friend of mine, in making a tour through the country 
recently, was curious to see this chest, but after a long search, 
the only part he found remaining was one of the panels; aU the 
rest has most probably been broken up for lirewood. 

With reference to the constructive treatment of wrought 
ironwork, the greatest evil of modem gothic work is the 
alarming extent in which the pmctice of screwing and nvetting 
together of the parts is earned^ iuKtead of adopting, where 
possible, the more lasting and workmanlike process of welding. 
Screwing is a process which ought never to be adopted, for nob 
ordy does it give a brummagem and toyshop character to tho 
work, but otfers a great temptation to the mischievously inclined 
to attemnt the dislocation of the parts. Of course there are 
methods by which the drawing out of the screws can be pre- 
v*^ntcd, but it '\n a bungling affair atlter all, and it is lucky fur us 
tliat such a fallacious prtjcess was not prnctiscd by the old 
smiths, or their works would not have been handed down to us 
in so conipleti^ a condition as we now see them. It is this 
Bcn»wing on tf(^ i7»/tfl*74/ 171 uf leaves and rosettes, all having tho 
appearance of having been punched out of a thin sheet of metal, 
wliieh gives the machine-mndt^ kxtk before referred to. 

Eivetting ought only to be re»*ur!ed to when M^eiding is not 
pOi*sible!* but even then, in many eases, bunds or collars welded 
round the parts to be attachcif, as in old work, would bi* the 
strongest method, ami the most preferable with regard to 
appearance. An example of an injudicious arrangement of 
nvcts may be 8e«^n in the ^Tought iron area railing to the houses 
in the tiroad Sanetuarj', Westminster, where all the small 
scrolls have been twisted out of their places, from being fixed so 
that then'- could tnni upon tlie rivets. To en<*ure excellence as 
well as durability in wrought iron work, the hammer ought to be 
the master-tool, and the shears and file used as little as possible. 
As a general rule, old methotls of construction are not always 
to be followed as the best, as they often are faulty in many re- 
spects, as may be seen occasionally in the framingof timber or the 
bonding of stonework, jilt hough the indiscriminate use of cast 
iron has been one of the curst*s of modern arcliitecture, and 
there is more interest attaching to the smallest scrap of wrought 
iron than to tons of the moKt celebrated cast work, still, thero 
are many positions in which it may be used with advantage, but 
above all things, it ought to have a character entirely mstinct 
from that of wrought iron, whereas the latter ought to revel in 
waving lines, cast iron ought to be stiffs and geometrical in its 
forms, and should either be used in positions where it is not 
hkcly to meet with rough usfige, or where the dimensions of the 
objects are such as to preclude tho possibility of their being 
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fractured, accidentally or otherwise, rack aa the coliinins for 
supporting warehouae floors or roofs, or «treet lamp-posts of 
appropriate clt-ai^. We all know the eflbct of one of oar street 
lamp-posts of the present period being struck hy the wheel of a 
passing carriage, which alvrnv* fractures it at the weakest poi^nt, 
which IS most ingeniously placed in the beat possible position 
for efieeiing that object. ' Tne lamp-posts on our bridpjes oua^bt 
to afford an excelU^nt opportunity for effective designs in iron- 
work, fmm tlieir beins; |Tc>nerally seen against the sky. When 
cast iron is emi)h>yed at all, the metal oui^ht to be of the best 
description, and thr* castings ou^hl to be as perft»ct as i^iossible, 
and not require any filing up or tinkering afterwards, and to 
ensure the rlei<ign being faithfidly reniliTed by the pattern 
maker, it ought to bt? dra\iTt out to the full size of the pnttern 
and not to that of the finiahed easting, a>t, if mad(^ Uj the siite of 
the latter, the pattern maker will hav(* to makn the enlarged 
drawing to allow of the proper amount of shrinkage of the cast- 
ing in cooling. Regard must also be had to the e(^uali>^ation aa 
much as possible of the sectional area of the vanous parts of 
the design, so as t-o guard against the possibility of fVaeture from 
Tincqual eoohng. More than ordinary care, instead of less, as is 
the almost uniTersal rule, ought to be besto^red ui>ou the designs 
for oast work of any description wdiich has to bear a number of 
rcpt^titions. Our Geological Museum contains Bome Tory 
wonderful examples of hne sand casting in iron from MagdBburjf, 
in Prussia, in the sliape of ladies' fans and jewellery. In 
England, the Coalbrookoale Company liave always been eele- 
bnited for their ffne castings, but the art treatment of their 
works, as well as those of the other large founders, would admit 
of a vast amount of improvement. The beautiful and extensive 
variety of geometneal and arabesque designs, to be met with in 
the metal work of the Indians and the Arabs, would famish 
quite a new field for study in the improvement of cast iron 
work^ and ideas might be oot^iined for light cast iron grilles for 
windows from the elaborate carved stone scr€H.»n3 of Northei*n 
India, many of which were exhibited in London in 1851, and 
Bome of which are now tfj be seen in the India Museum. 

A matter of minor importance in relation to ironwork, but 
which affects to a certain extent its durabilitj% is its insertion 
into stonework. The disadvantages of l(*ad fur this purpose are 
well known. Sulphur and Portland cement have been used 
with success, but there is still the danger of the bursting of 
the stonework from the oxidisation of the metal caused by damp. 
As cast iron is known not to be so susceptible to this influence 
as wrought iron, it might be used for f he standards for wrought 
iron work, by plaeJng them at convenient distances, and making 
them of a sufiiciently massive character. Cast iron is being 
used lor this purpose in France, and with a very good effect. 

The queHtion of colouring ironwork is an iniyjorfant one. and 
deserves notice. I cannot say that I svmpathize with the 
barher's-pole style of c^jlouring so fashional^le for ecclesiastical 
metal work, which probably is found to be attractive to the 
clerical eye. A better eff'eet might certainly be obtained in 
most cascH by the use of fewer colours, or even of one colour 
alone, properly seh^cted, and heightened if you like by the use 
of gddmg in prominent parts. Ironwork ought to depend for 
its elleet mainly on the beauty of its forma and curves, and 
should not have the outlines distorted by oolour applied without 
any meaning, as if the colourist had attempted to crowd the 
grealeHl number of colours into the smallest, possible space. In 
colouring ironwork, the back ground ought to be the guide for 
the predominntit colour, which ought to contrast favourably 
with it, and as a rule, to en sure a good effect* the ironwork <iught 
to be darker than the background, never hghter, imless it ha 
wdiolly gilt, which has a good effect, if the design is of a very 
light andojK'n character, as in the gallery miling to Ihe reading 
rtxun of the British Museum. The beautiful WTought ironwork 
to the choir of Notre Dame at Paris, designed by \'iollet-le-Duc, 
hail been t^ntirely gilt, but being of a very elaborate charaet<;r, 
the effect is not giKxl, 

I am not aware ihat electrotyping with copper and bronze has 
yet been introdai'ed into England for the i>ur|)ose of protecting 
ironwork from rust, although this process is much used in 
France, An exeellent mmle of preser\'ing iron from nist is to 
galvanise it previous to painting, but it is found tliat iron of the 
oest kind and closest texture (ws not oxidise to anything like 
the extent of inferior irt:)n, and the reason that old ironwork is 
in such a comparatively perfect state is, that greater care was 
taken in the preparation of what we may call the raw material. 





which was worked tip by hand, and not sent wholesale through 
rolling mills. It will generally b? found that where mB4.*h 
is allowed to intrude into the domain of art, an incr 
quantity may be the result, but never of quality. It is i 
tive to notice bv what simpk* and trifling means a truly t 
effect was obtamed in early in>nwork, and we are thus 
the lesson that in intro*iucmg art into ci^mmon things 
not compelled to adopt the most elaborate forms of it. 

The subject of this paper is one which admits of so wide 
range of investigation, lliat it would require abler hand'* tlir 
mine to do iustiee to ii, and I have therefore only vent n 
some remarks as to the hii'k of art treatment in the ir^ 
the present tlay, and have offered a few suggestions t- » 
improvement, with the hope that they may condin i - r Ik 
furtherance of this di*sirahle object, so that every scnip 
ironwork may have sc jne interest attacliing to it. a-i of yore, 
then* will then be some cluince of our rivalling, if not excelUo 
the genuine work of the mighty men of old. 

Mr, Ridge remarked that Mr. Lewe* had Hhown that the mtnu 
of good ironwork was not coalinod to ibe mediteval peri jd, and he Ij 
thflt Btutlenta would ace a groat deal of good iioowork in fiome ] 
London at tba prusent time, and though the de*i|L;nA diflt-red at d 
periods, tbo principles of all good work romaiaed th^ aanu}. 
moBeum at Riiui'Q reforred to by ^Ir, Li^wes, was most valuablG il a 
placo for the study of art work of all kinds. With regard to east iron 
it had nearly always been its miffortune to be designed as an imttatioQ 
of flome other material, it was tber«<fore most imporUnt that arohileeCi 
should be able to givo it a character proper to itself. Ga^t iron cafvtiiii 
for instance deserved study, uis both they and wrought iron c^patili 
preiontcd conaiderablo difliQulty to the dueij^er. The lost apedmeQi of 
wrought iron oapitaU he had seen were at the Brighton Railway Statsoa, 
at London Bridge, and nothing could be n^oro hideous than th« 
leaves which wore attachcil to the capitals as decoration. F 
work, arliatically coneidcrGd, was generally simply horrible, 
wide field would open to architects if they would make iroowork ( 
It was not of course difficult to imitate what bad been ■ficom^litbed 1_ 
artists of preceding times, ituch as metal screens and wofks of that eUi^l 
but the present age required that iron girders and similar woxlcs slioiild be 
treated in an artistic style. Lattice girders had not a bad effect, bat 
they were generally spoilt in our bridges by the kind of senby box put 
over the piers, to cover the junctions of the girders. He eoncluded by 
proposini; a vote of tbanka to Mr. Lewes for hia pap«r. 

Mr. Dunpby iiud he quite agreed with Mr. Lewe« in deprecating the 
abominable manner in which the London and South- Eastern Railwij 
Company had contrived to carry their railway across the Thames tl 
Charing Cross, The iron bridge put up there, with its pillars like 
inverted pipe-stoppera stuck into the bed of a river, was a perfect dugraot 
to the metropolis and he considered that some reproisentations ottght til 
ho made to the company on the subject. It wa», of coorsef too i§lt0 to 
got rid of the piers in question, but it was not too late to ask the camjmj 
to direct their engineer to do something towards mitigating their hiiisoiii 
appeftrsnoo. Surely something might be done by roaoriing io tbs 
screwing and riveting process, whidi Mr. Lewes deplored so much, le 
give the cylindera the appearance of pillars. Something ornamental 
might be dc&igned and affixed to the tubes which would rehove them 
from their present hideous appearance. With regard to arva nuhogSi bs 
wa» ju^Iad t« see that in Portland -place an attempt had been made to 
substitute some artistic iron work for the dreary succt^sslon of monagvTit 
railings now generally in use. 

Mr. Tarver thought the study of iron work executed in the Uil 
century, referred to by Mr. Lewes, would go far towsrda modifying the 
** sensational '' character of the prevailiog designs of the praarut day, toi 
which mediaeval work was takc^n aa a type. This had led, ho thoiigi»t| 
evt^n in the hands of a leading arohitfK;t, and his folbweri, to rwallf 
which I for want of a better similei he could only oompftre with Sx^ 
works. He believed that repose in metal work detigxis could bt bot 
obtained cither by enclosing floriated patterns within dofimto boimdlBI 
lines, or by the frerjuent uae of spiral curves. 

Mr. Dunphy inquired if Mr. Lewes could ftoeount ibr tho exoeMJfi 
prices charged for any ironwork of superior design. 

Mr. Lewt-a replied* that it was the cnao in everything, if an architsei 
wanted work accordiug to his own design, he must pav extra for hariD^ 
it executed. Common artidea which were kept in ctook wera of moderals 

Eriee, while original desigos were rendered mora oxpesaive by the sotn 
ibour, 

Mr. Ash observed that architects of ^e preaent day weT« too ftmd of 
copying contlnont^ ironwork, in which the acrcw and riyot wen sasd 
bcianse if the work were welded at the joints it caused additloml I 
and expense. With reference to the difficulty of finding good *t 
of ironwork in England he stated that much good old iron work L 
been destroyed during the last twelve years. Daring the vnma ltd 
restorations of churches the old ironwork, however beaotifttl m Mffi, 
was too ofUn destroyed, which was much to be deplored. 
The President, in putting tha rota of thanka to the xnaetiflgi tiidlil 
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^ssociattOD wft8 much inde^ited to Mr. Lewea for the nmnner imrbicli 
hi^ httd brought & very ahle puff r before the meeting, Rcfc^rring to 
whnl liad hofn said as to Ihe difficulty of obtaining good examplea of 
inmiwork, he in^tanted the *cre*n at Wpstminster, and the gates at 
Merlon Collrge, Oxford, an hemp i^pcrimi n* worthy of study, A va«t 
amoiiiit of tbf ironwrk of whith Mr. T,ewe» hud upoken still rtniaJTied, 
though much had been destroyed. He advised thai all architi^ctB 
should tnke care that no ironwork of any kind^ having any mf rit a« 
lo dengn, ahould be destroyed. Tn rebuilding or altering any building, 
the architect should preserve it as religiously as ho did ail old work 
Id a church restoration. He could not imagine any architect of 
the present day deuigning the patterns which appeared in the manu- 
ftclurera* books; hut if architects were told they would find the work 
would be aeTenty-fiye per cent, cheaper if they took some of the inanu- 
factured designs, it was no wonder if they submitted to the force of cir- 
eumatances. The fault was with the manufacturerBf and he was sure 
they might manufacture good designs aa cheaply as the present very 
jnferior patterns. On ono occosiozL he had asked a manufacturer 
m Tharaes-filrect why he allowed auch designs to appear in his 
pattern bm>ki ? And that gentleman's reply wa«, " the fsct is this, if 
ooe architeet deigns a good thing, somebody else comes in and tells me 
it i» horrible, and between the conflicting tastes of proffawonal mL-n, I 
t.ro quite at a losH to know whose opinions to follow/' He tbomght that 
architects should treat ironwork as they treated any other pari of their 
haOding, and if it cost more to hove it in good tit^to, then it should be 
in the estimate. He objected to students studying the works of any 
modem designers in ironwork, he thought they should look altogether 
to the te^ichingof ancitnt examples; they should not follow one architect 
more than another, but work to the heal of their ability and knowledge. 

The vote of thanks to Mr. Lowes was carried unfinimously. The 
following are the names of the office bearers elected for Sesaii^n 1866-67 : 
Fi^Hdetit, Mr. Robert W. dis; Vie^^PrendenU, Messrs, R, Phene Spiers 
and Edward J Tarver; Cmmifttf, Messrs G. H. Birch, J. S. EdmestoUi 
E. B. Ferrev, H. L. Flnrence, Ernrst L»'i\C. B. ¥. J.ewes, W. Lonsdale, 
J, S, Quilter, L, C. Riddett, L. W. Ri^pe ; Jlfm. Tmanurer, Mr. J, 
Douglass Mnt hews; lion. SoNritor, Mr. Frnncis TrueHHt; AudHorv, 
Heaara. C. B. Arding and J. A Bunker; Cur«Ur» and Lihrarian*^ 
Measra. L. V, Rjddelt and W, Frewer ; Bon. Steretanea, Messrs, J, 
Douglara Mathews and How land Plum be; Ri^iHrar and (klkUWy 
Mr. WiiUam Farthing, 



I^reM, Firt ^ngine^, and Fire Srigadet, By Chahle.'' F. T. 
Yorxo, C*E*, Mem. Soc. Enj^nccrs, Atttlior of " Tbc* Economy 
of Steam Power on Common Eoadii/' &c. &c. London: Lock- 
wood und Co. 

CONCLUBINO UOTICK ,♦ 

Wb iTgret tbat in fieveml of the views given of 
rteani fire engines, so little is shown in the way 
of detail or even of the actual exierruil working 
piirt« of the engines as ron*sl meted. We may in- 
stance especially the view of Messrn. Sliand, Mason 
&. Co's. hurizonial engine of 1866^ aod tliat of the 
patient vortical engine of the same makers, ako 
dated 18C6, both of wbieli strike us as being de- 
ficient in many particular si which we have been 
accustomed to associate witli the engines purport- 
ing to bt» represented- It is easy to understand 
that these parts may have been omitted for tbe 
purpctse of avoiding complexity in the figure*, but 
we nold that by this omission, much of the value of 
the figures is lost, as they fail to give the tborongb 
idea of the macbine, wliicli it slioiild evidently be 
their object to produce* As regards tbe boilerj* of 
these engines, of which we i?buuld have liked to 
have seen sections, we presume that tbe accom- 
panjing figure and description taken, as we are 
informed, from tbe speeifieation of Mr. James 
8haiul'M patent of 1863, will suflicietitlv give the 
type. *' The accompanying engraving Fig. 7) is a 
longitudinal section, showing tbe eon?;truction of 
the boiler, eteam engine, and pump. Tbe fire box a 
is of conical form, so as to give space for a large fire 
p^te or ftimace. The fire box eonimunieatea ^^'ith 
tbo *imoke box b and the cbimne^^ by the vertical 
tubes €* In order to diminish the water space 



and increase the steam space, two serai -circular metal eases or 
pockets i> are fitted with tbe boiler round the space occupied by 
the tubes c. The casing D communicates with the steam space 
by two or more open pipes e. which ascend above the water 
level, and small cocks (not shown in tbe drawing) are fitted in 
the bottoms of the cases P throiii^b the sides of the boiler, to 
draw off any viat<'r that may 1«* formed liy condensation. Tlio 
upper shell of the boiler can be tftkcii ofl* by means of the bolted 
joints F and g ; and tbe top of the smoke box can be taken off 
to repair the tubt*s, (S:c., by tuiscrcwing the joint at H. Tbe 
engine is composed of an inverted steam cylinder i^pbiecd above 
and concentric with a pump k, which parts are framed together 
by the four bars l, which comieet the enlarged bead of the 
pump Tilth the cylinder bottom, and vvhicb frame L aJso carries 
the bearings for the crank shaft m. Tbe pump is fitted with 
in di a* rubber discs, wbicb fonu the foot valve. In action, the 
suction is drawn in the up stroke by the bucket o, and in 
the down stroke about half the water is discharged by the 
displacement of tlie plunger N, and at the next up stroke the 
remainder of the water js discharged by the ascent of the 
bucket. Tlie enlarged head of the pump K is fitted with a large 
air vessel q. ami nozjslos to take the hose at n. Over the open- 
ings to these nozzk's at s is fitted a valve, shown in plan in the 
engraving, which is so constructed as to admit of both outlet 
passages being open or to close citber at pleasure, but not to 
close both outh*t passages at the same time. The connecting 
rod T is jointed to tbe bottom of tbe pump plunger N, which in 
itself attached to tbe stcaio pi.^ton by two piston rc^d.^, between 
which tbe crank works. Upon one end of the crank shaft M is 
keyed a fiy-wheel, and upon tbe other end an eccentric, which 
works tbe slide valve and tbe feed pump v. Thi^ govenior is 
constructed with a piston fitted into a cylinder* with a trunk and 
stuffing box ; tbe connecting link from tbe piston is attached to the 
lever oi'llie regulator, a pipe is conneetea "ftith tbe steam jacket 
of the cyhuder, and anotlier pipe with the enlarged head of the 
main pnmp, so that any change in the pressure of the water in 
the pump will cause the piston of tbe governor to be moved by 
the pressure of tJie steam, and thus regidate the admission of 
steam to the steam cylinder of tbe engine/' 

Boilers of the kind represented pcjssess, while new and clean, 
most excellent steaming properties, and at first sight seem 
admirably adapted for steam fijre engine purposes^ out when 



* 8m maitf pp. 163 and 211. 
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fiirtlif»r examined we think it will 1>l* clear tlint llie objcL'tiona 
to them, 11^ etim pared with pome of different eonstriietion* con- 
sidembly outweigh the advantages. Thus it would appear to 
113. that in the first place, they must of ueetitisitj he expensive to 
construct, and from their formation not entirely free fi*om 
danger of exploHirm, while at the «amo time the ime<pml expaa- 
jion of the parts wiil be likely to cjiuse eontiiiual anrmyanci' hy 
leakage. The tubes, too, we should imagine must rjuickly he- 
oome ec:)ated with deposit so as to jt^eatly lessen their power of 
eonduetin^ heat to the water* Such at li^ast is found to he the 
case Avith hicomotive and marine bodcrs fitted with similar flue 
tubes pa.'^sing through the wat^r space. These are point^'S which 
we think are well worthy the consideration of the nrnkers. 

The form of en^ne shown being of the quick running short 
utroke chis?*. must, we feart be somewhat unsteady in its action 
JUid liabk^ to frerpunit derangement. It 1ms nlwnys been our 
opinion that long steady strokes, with direct action between 
ttc^am cyliiulers and pumps, are much to be preferred to those 
m which not only u the stroke short and rapid, but the motion. 



=\ 



after having been converted from rectilinear into rotarr, hM» 
a^aXn to be converted from the rotary of the % wheel »*hftfV 
into rectdinear in the piimpi;;. The more direct the oction of ^ 
the parts and the fewer their number, consistent with the proper d 
action of the machine, the better, and we think that thi^ prmcnple 1 
properly imderstood and carried out would tjo far to nreviait tb •• 
recurrence of cireumiitftnces, such as that alluded to h^l 
Lord Nans, who, according to a report in the Sfiin'fitrrl of t.hi*l 
13th of June, speaking of the hite tire at Dublin, staid it wnil 
stated '• tkal fJu^ alaim flt*e engine, wMvh arrlvt^f " ntiuldera^U' 
iime after the oufbrcah of the fire, fdl eompletrlj^ U} piee^'* | 
It is lao doubt an exaggeration to say that the engine rt?-| 
ferred to ** fell comph^trdy to pieces/' but that it became com-J 
pletely disabled is far from improbable, and would bt^ 
circumstance certainly not of very unn><u.«il occurrence. 

That mishaps can at all times be avoided, even with the b<*st 
constructed and most simple engines, we do not for a momenta 
assume, but that many brenks-dowti are clearly traceable to tl 
engines being decidedly wanting In these particulars is ccriam ;! 
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Fig. s.— UmxrwxiTSDM'jt CsAMi'iijN Encurs, 'SvTaEHLMto" 1863. 



and we.in common wo think with engineers in general, should have 
been glad if Mr. Young Imd entered at greater length into the 
mbject of constructive del ail and the principles upon which it 
■hould be carried out* In this w&j and by analytical com- 
panaon of the several engines whereby kno^im results have been 
achieved, and which have steadily maintained their cJGciency 
during lengthened periods of service, we thiiLk that much good 
might have been done, although at the same time it must be 
ftdimtted that to do this in a ilioroiiglily ellicient and reliable 
manner, giving not only the aggregate of work done by, but the 
cost of maLutcnanee ot each engine and the fuel it consumed, 
would be a matter of great ditliculty, if indeed it could be 
achieved at nlL Further than this, we must not lose sight of 
the fact that Mr. Young's work in endently rather a poptilar 
history and resumd ot the whole snliject of fii'cs and their 
prevention, than one intended tor the use of engineers, or of any 
other class of the public exclusively. In thiis point of view and 
as calling attention to ^>ast facts, past, and we may add, still 
existing. prejudices and exclusivencHs, it may be of great seri'ice, 
and lead to the* avoidance in respect of tire engines of im error 
comparatively as grievous as that of the Austrians in respect of 
improved fixearma. The fact ii* that in these times progress is 



a necessity which will assert itself, aud happy will it be for ; 
as a nation, if we thoroughly realize* this trutli bef^jre bcin 
reminded of it, by loss either of comm«'rc(al or political p 
The .ijiiericaus seem to be peculiarly allvo to this, 
under.stand that it is better to run the risk of sometimes ;^ 
a blunder, than to coatinue bound in the trammels of p^ 
or prej tidier. It is untorturmte that not even facts thrin*,^ 
are ni all times sufficient to ensure a just sentence, and hcncic i 
find that many inferior things are patrcmized, whert* 
which are far superior are comparatively unknown. SliUJ 
evident that tnbles of results, such as those so carcfulJv t 
in this work, must h»ad to reflection, and we should Iiopc, mi^, 
end. t«> a general adoption of the most correct jirinciple, whicll 
it will be observed, is in the direction we have already mart, 
than oner indicated, and which is evidently the one whi<*| 
Mr. Young's olswi^rvations lead liim to pi-efer. Of the Sii ' 
land, which is an ndminible example of the class of direct j 
engine to which we have referred, Mr. Young quote 
following iVom the last report of the lat^ LambtMh Fir^ Bli 
which, referring to the Crystal Palace triaU, ^ayfl. 
Suthci-hind (Merryweather and Sons).— TJiis etit^inV worin 
moat satisfactorily throughout the whole of the triafs it wjuj 
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ji?frtf»d to ; its jeti were quite free from pulsation, and its water 
and steam pressures were very eqtml ; tlie water in tiie boiler 
was alH^.> very regular in ouatititj. The water cylinder. throuii;li 
a drf.'etiro easting, leaked sU|rlitly during tlie first daj*s trial* 
wliieli prevented the engine from aeeompGshiug e^reat^^r results, 
but it was repaired in the t'ourse of a tew hours. The pumps 
were not eliarged for any trials and the boiler did not prime m 
the least." 

A« regards the construction of the first steam ftre engine in 
Ameriea, Mr. Young says, *' The honour of having foustructed 
the first steam fire engine in the United States ha^ lonEj been 
given to Mr. John Kriesson, and it has generally been believed, 
at least in this country, that to him the eredit of this was due. 
Great painis and a eonsiderable antount of research have satisfae- 
torily proved, howev<-r. that this is not the ease, but the ground?!! 
on whieh the idea becjime established were, that in the ymr 1810 
he obtained the gold medal which was offered by the Alcchanica' 
Inatdtute of New York for the best plan of a steam fire engine. 

"A design for a steam fire engine was sent in by him in answer 
to the offer, and this engine being almost identical, except in the 
boiler, with those which had been ho successfuOy manufactured 
and employed by Mr, John Braithwaitc* in Lorulun some ten or 
twelve jears before, and consequently, had been pretty well 
proved m working, naturally mrried oiF the prize, as there could 
be little room to doubt its being successful if carried into practice, 

** 3fo aecouut has been found of its ever having been made, nor 
has any information been received in answer to the inquiries 



made respecting it. The following remarks, and the sources 
whence they were obtained, seem evidently to show that they 
added in no small degree to the propagation of this idea: — In 
Le Cras* work, 'The United States and the Caundas.' writteu 
in 1811, it is stated that one of Eriesson'H engines was then being 
built. It was to be a little over two tons in weight, and to throw 
3,(K'U lbs, of water per minute, equal to about 3QU gallons per 
minute, to a height ol' 1»X) feet, and so arranged as to throw four 
streams at once if required. 

" The Meehanics* Ma^jazine^ for 1840, contains the following 
extract from the Timm respecting this engine : — * A steam fire 
engine has been invented at New York by Capt, Ericsson^ It 
weighs only 2^ tons, and mU throw 3,*100lb'!^. of watrr per minute 
to a height of 105 feet through a noxzle of l.l inches in dianu^ter." 

*'The first steam fire engine constructed in the United States 
was designed and built by Mr. Paul E.*ipsey Hodge, CE.. a well 
known Eiigbsh engineer, at his own \vorks in New York, in the 
year IHlO-l. It was a self propelled engine, the first of the kind 
eTcrcouHtructed. with horizontal cylinders and pumps ; a locomo- 
tive boiler, in some respects like the style introduced by E. Bury 
for locomotives ; the slab or plate framing to which the cylinders 
and pumps were attatched, as is now used in locomotives ; and 
wrought iron wheels, which were niauufactured by the Matteawan 
Company for Mr. Hodge. It was arranged to be drawn by 
horses if required, as well as by hand and its own steam power : 
and this, about twelve years afler steam fire engines had been 
in use in England, was the first made and uied in jlmerica." 



Fio. 0.— Tbb F«sf AumwCAjr 8t«ak Fib« Ejiclns, P. B. Hono*, 1*10>1. 



We give the figure of Mr. Hoclge*s engine, winch appears to 
have worked in a most satisfactory manner, giving results, 
which will compare very favourably with others of much later 
date; wc also give an engine as conslTUcled by Messrs. Poole 
and Hunt, of Baltimore, in 1865. of wbieli we are told "the 
pumps employed by Messrs: Poole and Hunt are of a peeidiar 
character, consisting of two barrels placed one over the other, 
in each of which are two pistons, attached to each piston rod, 
and fitted with india-rubber valves. The two pi^5ton rods are 
atlnclied toa crojis bead, which is again attached to the piston rod, 
to that one cybnder and steam piston works the two pumps, and 
the four pistons connected witli them, a small fly-wheel being 
used. They are constructed of three sizes or classes, each of the 
following weight:— No. 1 = 6,oCH) lbs. or 2 tons 19 cwt. 4 lbs, 
English'; No. 2= 5,0(>0 lbs., or 2 tons 10 cwt. English; 
Ko* 3 =: 4,500 lbs, or 2 tons 20 lbs. English, It is tound that 
the second idass is of sufficient capacity for use in the largest 
cities, whilst for towns or cities of moderate size, tlie third class is 
wnple, 

Tlie trials at Rotterdam between an engine mode by Messrs. 
Shand. Mason and Co., and the engine, " De Maas," by Messrs, 
Merrywcather and Sons, are given from the official report of 
M. 1 on der Tak» Director of the Board of Works there. This 



report is accompanied b}' a diagram, showing the forms, heights, 
and horizontal distances of the jets thrown by each engine, of 
which a copy is given, and which is remarkabte as showing tho 
superior steadiness and continuity of the jet-i thrown hy tho 
longer and slower stroke of engine. There is, however, another 
class of engine of which we have as yet but little practical 
knowledge in this country, namely, that of which the unfortu- 
nate "Manhattan*' is the type. Of the arrival of this engine 
to take part m the Crystal Palace trials, our Author says : — 
'*The Manhattan, anA the delegation, in the hands of the 
London Fire Engine Establishment, arrived at the Crystal 
Palace on the 30th June, and the engine having been weighed 
and the boiler tested, was declared all right, and was then to bo 
removed to the portion of the grounds set apart for the trial. 
Instead of the engine being taken by the easiest and nearest 
way to this point, it was taken round V*y the north tower, where 
there was a steep incline ; but when it reached the top of the 
incline, and began to descend, the weiglit overpowered the men 
in charge of it, and the man of the London Fire Engine Estab* 
lishment, who bad hold of the pole, was unable to guide it, and 
it ran away down the incline, and, at a point where the road 
curved, rmi into a tree and capsized, smasliing the engine and 
severely injuring the fireman oefon; alluded to. 
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*• The force of tlie blow knocked off the fore-CAiriaee, broke 
one of the flywheels, iinri crack oti the other, turning the rn^ine 
oornplet^^ly upside down, thus Icavini^ the cngme, tlie iii^ht hc*fore 
Ihe trials, in a most cripphnl condition. The delegation who 
broujBfht the engine orer, nowerer, would not Ix^ beaten ; and, 
procuiing the asBistauee of ftome labourers^ set to, to try and 



get the engine into condition for the next day's trial. By < 

of great exertions I hey succr<*d*»d in doing ^o, so fur ft§ to bftf 

it on tlu* ground in time, and i\iu< r»r« v. ni ].»i-iti*/ tlj.* mrr 

fee. At this stage of the pr< 

accident might luirecaii*?edth' ., 

and uuMifo to work, and therefore it ought not to be tried at i 
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howcTer, after much discussion, it was resolved to proro th<^ 
boiler, and accordinglj-. with a laudable desire to preyent injury to 
the public, and which has Wen shown on uunieroxH other 
oeeasions, the superintendent of the London Fire Engine Kstab- 
lishment prcxvcdrd to te^t the boiler with a water pressure of 
25tl lbs. on the inch, and double the pressure required; but 
the engine hijured as it was stood the test well.** 

Tliis mishap, and the culpable mismanagement, which led to it, 
are greatly to be regretted, not onl}' because of the loss of the 
opportunity for testing thnt particular construction of engine, but 
on aivount of the feeling it induced on the part of our America^n 
brethren, that a desire existed to do them less tlian justice 
in this count r-y. We trust, however, that this feeling will subside 
when it is seen that all among us whose opinion is of value are 

1>rcp/ired and anxious to give American inventions as fidl and 
iiir ft trial as is accorded to those of our own count r3'Tnen, and 
whether the competitor be a Manhattan or a Miantonomah, we 
are prepared to accord to it the fullest meed of praise or acknow- 
ledgement of superiority its performance may deserve, l^pon 
this subject, we regret to fiDd the Authors' experience lead.4 him 
to speak as follows :—** So far as the Author can gather from 
Americana resident in Dindon, the disgust and annoyance felt 
by them from the treatment they received on the visit of the 
American firemen and engines in 1863. and the results of the 
lo called ' trials ' have raised such a feeling amongst them as 
cannot fail to lead them to refuse any information, or to render 
any assistance on such a subject, when sought to be obtained 
from this aide of the Atlantic." 

We cannot enter at length into a discussion of all the features 
of Mr. Yotmg's work, which touches; upon almost every detail 
of fires and their prevention, slio^ing not only what has been 
done in our own country but in ihv other parts of the world, and 
giving numerous suggestions which can only have arisen from a 
careful consideration of the subject and a sincere desire to advance 
the ends of truth. To all those who may feel an interest in a 
subject of tach importance to us aU, we cannot do better than 



recommend an attentive pcrsual of this laborious work ^rlni h 
we feel assured will direct attention to many points ^ 
ance not liitherto cither proijerly understood or fairly ai^ 



BITDDOIS^NESS LIGHTHOFSES, EITER TAY. 

Tuii api>aratus employ<'6l in the towers of the two new leading 
lights at Buddonness, consists entirely of glass, and i* somewhai 
curious and intricate in its details. It was e<:»nRtmeted fn:>mthf' 
designs of Messrs. Stevenson by Messrs. Chance, of Birraini:^! in 
and is remarkable and unique Irom its combining *^vr*/ it 
dioptric lighthouse apparatus. The whole of the liglit ^\. ''■. 
comes from the burner is condensed by the bt^st optical ai: ; 
(no metallic retleetion being used) into a horizontal are of t'-Ti t- 
five degs., and spread over that arc equally by meant of iIm' 
following instruments, viz. !— Fresnel's hxed light npparatiu .iuJ 
annular lens ; also the following instruments of Air. Thomai 
Stevenson — the ozimulha! condensing prisms, holophotc, right-, 
angled con{»idal prisms, and dioptric spherical mirror, witlll 
Mr, J, T. Chance's setting. The eonoiclal prisms have nrTff 1 
been employed before. The aximuthal conden^iing prisms were 
tirst used at Isle Oronsay Lighthouse, Argjleshire, m 1857, and 
the dioptric spherical mirror was first intnxluced by Messn. 
Stevensim into a lighthouse in the colony of Otago, but it hat 
not been applied till now in any light in Britain. It is r<iTuuo^'d J 
of glass prisms, and p<isses9es the property of returning all ihfi I 
hght tliat falls on it hack again to the tlame, so as to incn»ase ital 
effect without allowing any rays to pass through, but a»niiii|1 
all to fi^o seawards. Hence an observer standing Mind tht 
apparatus sees no light, although the scream between his eye and 
the flame eonsista only of transparent glass prisms. i 

The Board of Trade have lately given authority to the CoBl-I 
missioners of Northern Lighthou-*es to get a faesiniile of Um' 
BuddonnesR apparatus constructed for being shown a! the Pani 
Exhibition. The lights were permanently exhibited on tiii. 
14th July. 1866. 



t — rtrT-~ 

I^ohlic hi' ■ 





ViY,S\^^^ V'^^^ V^-^KKM AND Lj 



'«^cTU-„ 



A8To» , r^^ 



fWpienkber 1. Id06] 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL, 



249 



' By 1 



OX THE AECHITECTITRAL HISTORY OF THE 
COLLEGE AT ETON* 

Bt pROFKsaoE Willis. 

Thb Professor prcfacetl hin account with some introductory 
renuirks on the Ki^nrral liistory of colleg^es and their growth. 
The uiiirersitics wort* at first corporations oi* educak'd num. the 
teacliers or doctors in which instnictcd by lectures in the public 
i€hi.>Q)». the students being obliged to find k)d^rio^s for theru- 
\\veB. Soon, however, generous persons gave funds to assist 
T iitudeutA. After n time a more definite shape was assumed 
>y these inKtitutions ; and hxlgin^s were alao provided, that the 
moralM and manners of tliese ntudenta might be brought under 
supcrintenilence and contro]. The ne\t step was to purehane 
houjse^, endow them and provide them witli Jitatutes. Thus 
arose the communities termed eoUcKes, restidine: in buikhnj^s 
called the JJomus or Aula^ which at first contained Httk' else 
than ehamberH to lodge in. with a dining-hall, kitehens, &c.» 
like the ordinary dwell in sjdioune of the peril »d. The firnt of 
these collegcJi was that at Oxford, by Walter de Merton, in 
1264; one was founded at Cainl>ridge soon after; and others 
followed at intervals up to 1379. when in Mn* ^o-ealled New 
Crillek^e arOxford William de Wykeham erected the fir^t arehi- 
tcctuml building, eonvplete in all ha details, and so well organized 
in its statutes, as well as in its structures, a^ to serve as a basis 
for ftll subsequent erections. His plans also iiicluded the then 
new feature of a preparatory sehook at Win chester» for young 
hoy»t intm whom tlie nnnnbers of his Oxt"ord College were 
to be selected. The Professor next proceeded to the con- 
sideration of King's College, Cambridge, anditsappen<lage Eton.. 
Ho gave a touching account of the effect of tlu* mistortunes of 
Henry the Sijcth in rt^tarding and finally .-inspeuding tlieso 
work'*, followed by a jn»t panillel between the continual 
deTining of plans tor the education and elevation of his people 
by that monarch and the constant eflbrts in the same directinns 
by the late Prince Consort. Prof. Willis then detailed the 
original plans for Eton Colk'go as set forth in that monarch's 
'" will '* — this will being, howevert not a '* last will and testa- 
ment/' but ijj reality a l>uildiiig specification for his coUcges, in 
which so clearly has he laid down his plains tlmt the lecturer 
was able to transfer them to paper, and to exhibit dia^ams of 
the ground- plans to his audience as a basis tor comparison with 
a plan prepnre4l by himself uf the actual buildings subscQuently 
erected, and showing the condition of Eton in lHt>fi. Henry, 
however, did not mature his plans at onee» but nindifii'd Uiem 
very considerably at a shortly subsequent period, lie first 
fonndeil a collegiate gnimmer-school at Eton and a small college 
at Cambridge, dedicated to St. Nicholas, that saint's day having 
been his hirthdav- A site was purchased at Eton, nr>rlli of the 
ccmetrj^ of the old parish church (now no more), and the King 
came down and kid the first stone, over which was to Ix* I lie 
li ' ' I ofthenewcolk'giatechurch. The King soon enlarged 
1; increasing the number of his benefickries and con- 

c'lin^t r>v statutes copied from Wykeluim'a, Eton School with 
Ling's College at Cambridge. 

The contem]*orary building accounts and documents, contain- 
tlie Kin-^'s projects snd instructions, long mislaid, ami 
Tiered to liave been stolen* were by a fortimate accident dis- 
vereil in a forgot len recess of the tibniry at Eton, about two 
ninths since, and liln'rally submitted to tlie Professor's ins pee- 
on. Iliey contain abundant proofs of the personal interest 
Hitch the ICing t^w^k in the details of the college buildings, and 
of changes and improvements introduced by him as time went 
^o. I'hey show that tlie works at Eton were of two kinds, 
irried on simultaneously. First, the cidarging, refitting, and 
It4?ring of buildings that alreadv^ stood on the site purchased l>y 
he King, including the parish cliurch, of which he obtained the 
Avc^ti son, and its conversion into a ixdlegiato church. These 
1 ' ' were so treated as to make tliem serve as tempt)rary 
for the accommodation of the provost, fellows, and 
ij4nrii^ nf his ucw College, wliich enabled the scluxd to be 
ought into active existence tTom the beginning, without wait- 
Dg fur the erection of the magniticent arclutectural pile described 
his will and other documents, and wliich was commenced 
_aultaiu*oiisly with these temporary operations ; but which, 
ren if carried on in prosperous times, would necessarily have 

|^b»lnM?t oiAAdnu before ibc Losdoa Ooogress of the Archoologicral ItiatitQttf. 



occupied many years in completion. The chancx?! of the old 
parish church was rebuilt on a larger scale, and fitted with stalls 
and other appurtenances for the daily choral service. A hull in 
one of the tdd houses was enlarged ; a 8choobroom and other 
buildings constructed of wochI. 1 he almshouse for poor men, 
described in the will, was also built. 

The permanent College was also begun ; the first huildiugs 
attacked being the great chapel, which now exists, and the hall 
and kitchens. Tliis chapel was placed in the old parish church- 
yard, to the north of the old pan^h church, and was planned as 
the chancel of a large collegiate church, to be provided with a 
nave or body for the parishioners, as described in the well- 
known wiU of Henry the Sixth, dated 14 tJ^. But, al^er the 
signature of this will, the King enlarged and altered his plans. 
He sent persons to Sarum and Winton, and other parts, to 
measure the choirs and naves of churches there, and had im- 
proved designs made for the cnlk'ge buildings. 

The l*rofessor found among the docvuuents two specifications 
relating to the chapel, the one exactly corresponding to that of 
the will. l>ut in which every dimension is struck throuijh with a 
pen, and an increased dimension written above it. The other 
s|iecification describes the chapel or church, as it is called, in 
dilTcrent phraseologv from that of the will, and more completely. 
The dimensions in tliis latter naper are still greater than those 
of the corrected docuuieut, and, wliat is more curious *till. they 
correspond exactly with the chapel as it exists. The paper con- 
cludes with minute <brectiMns that the foundations of the chapeh 
wdiich hud already been laid (of course in accordance tvHth the 
will, tor the works haxl been in progress for seven years bef*>ro 
that wdl was signed), should not De disturbed, but the new 
foundations (i,e. for the enlarged dimensions), be laid round the 
outside of them, and be constructed with the greatest care, and 
with ** mighty mortar." The first stone under tlie high altar to 
remain undisturbed. This stone was protected by a small chapel 
built over it in the first years of the works. 

The deposition of the King, in 1461, put an abrupt stop to the 
buildings, wliich had languished during his increasing mis* 
fortunes. That tliey were resumed, after a long inten*al of time, 
by his contulcntial friend and executor Bisliop Waynflete. is 
stated by Leland, and also «hown by an indenture, in 1475, 
b^etwecn him and a carver, who engaged to make a rottdloft and 
stalls for the new chapel, and to take down the rood loft and 
stalls in the choir of the old parish church. This proves that 
the great chajKd was only then brought into a condition to 
receive its fittings. It must have been just roofed in. The 
Professor pointed out to his audience evidences of the haste in 
which tlu' upper part of the chapel had been completed. The 
arch heads ctf the windows are abruptly depressed, in a way 
wliich shovv that the walls of the chapel were intended to have 
been carrii'd umch higher by the masons who built the jambs 
and springing of the window*-arclies. It in probable that the 
work hud been carried up exa(*tly to this level when the defeat 
of the King stopped the operations. When resumed by Wayn- 
tlete, with insulhcient funds, expedients were adopted to enaole 
the buildings to be rapidly finished and rix>fcd-in for use. The 
hall exhibits similar evidences to show that its walls and windows 
were designed to have been carried u]) to a much greater eleva- 
tion than they now present ; andtliat after a >tidden interruption 
it hiul been hastily put into a condition to receive the roof, which 
is of a very plain construction. The magnificent body of tho 
c«jlleginle church designed by the founder was never even com- 
nicnccd. The choir, or present chapel, is now terminated west- 
ward b}^ a low traverse ante-ehapel of slight construction, 
probiibly the work of Waynilete. 

The old parish church appears to have been pulled down after 
the present chapel was prepared ft:>r service, as above stated. 
The parisliioners rtHained the right of employing this chapel as 
their parish church. But the increase in the nurnberH of the 
students and of the population, and other causes, creating great 
inconvenience, both to the college and the parish, n new cfiurch 
or chapel-of-ease was erected in the town of Eton for the use of 
the parishioners, in the last century, 

Tue arrnngement of the college buildings differs entirely from 
that described in the will of the founder in 144H. The Professor 
c<^ncluded fr^ni this, and from the mention of a plan or " Por- 
tratura '* exhibited to the King, in the following year. ** for the 
finishing of the buildings of the college,'* that lie, when adopting 
an enlarged dcsitjn for the chapel, had also determined upon n 
new disposition fcr the other building*. 
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The eoliej^e in tbe will is imsUted from Wykeham's eoUep^ca, 

consisting oi a quadrangle, containing linll, library, and cbombcra, 

•Jid of a cloister. But in the existing coOejs^e the quadrangle of 

. chambers oontains not only the haU and library, but is also 

cloistered. The lite of the cloister firsft proposed, but nuver 

oommencedf ia that now occupied by the sdiool-yard- The 

cloister quadrangle ia arranged upon a plan unusual in colleges. 

It was built in two stories, having chamber!* on the north and 

east sides, and the hall on the south, the ditnenaioiis of which 

agree eiactlj^ with the founder's will. The upper eliamliers are 

oat reached in the usuaJ manner, by assigning one staircase to 

each contiguous pair ; but a gallery 13 earned round tbe upper 

floor, exactly over the cloister of the ground floor, to give acceifis 

rio the doors of the chambers. At each internal angle of tbe 

kiiadrangle, or qnmirant^ as the will terms it, is a iquare turret 

'containing a Hpirnl stone stair, or vice, with a door below and 

ab<)ve, by which the upper gallery is couTeniently reached. 

The chamber buildings were carried round the east arid north 

sides in one t«tyle, and probably in the founder's time ; bat the 

west aide, which contains the great gateway called Lupton 

kTower, was built, after a considerable pause in the works, m a 

F totally different manner during the provost^hip of Lupton, and 

probably in the reign of Henry tbe Eighth. 

The cloister-arcame and chamber-doors on the ground floor on 
Lthis side appear, however, to belong to tbe earlier building, and 
rto have been suddenly stopped in an unfinished state. This 
western side of the quadrant is wholly devoted to tlie provost, 
and contains a large dining-hall, termed ** Election HaU," with 
a withdra wing-room behind it, over Lupton's entrance- arch, and 
large bedchambers beyond, joining the liaU. In the i^vill of the 
founder a much smaller provost s lodging is placed in tliis 
position in two stories. Tiie present extension is accounted for 
by the bountifid hospitality wliich, at and after the period of 
Henry the Eighth, was exercised by the masters of colleges lu 
favour of the nubDity and gentry. This compelled the building 
of chambers and reception rooms, Aft^-r the Kefomiation the 
marriage of masters of coDcges created a new demand for space, 
aiul made it necessary to supply these officers with a family 
residence. 

The subsequent works carried out in this college were enu- 
merated a^ loUows : The lower school, or north side of the 
entrance quadrangle or ** school -yard," was built before 1581, 
and has the long dormitory above it. The library in the cloister 
q'mdrangle was built by Sir Christopher W'^ren. The new 
The new upper school, 'which is the western boundary of the 
school-yard, was rebuilt in 1689. In 1768 an attic was raised 
upon tno cast and north sides of the cloister co\irt. and tbe 
entire group of cluunbers altered so as to convert them into a 
row of private houses of three stories each for ihe fellows of the 
college. lifts tly. tbe interior of the chapel, which liad been 
refitted and "'beautified " in the Itahau style in 1699, by 
Mr. Banks, was well restored to its ancient aspect, with rieli 
gtalla and canopies, in 1850, from the designs of jMr, Deason. 



THE AECHITECTUHE OP ASIA, 

Since the revival of Mediseval architecture, the studies and 
researches of archa?ologists and professors have been usually 
limited to Europe, We he^an— and very nalurally — iivntli that 
phase of our own English Pointed which approached nearest to 
our own day in point of date, and which is connected with tbe 
Italiau work of our best Henaissauce period by the transitioaal 
Elii»bethan %iy\i^. 

From Perpendicular we fell back successively on Florid 
Pecoratcd, Early Decora t-ed, Early Pointed, and ISornian ; and 
then we began to have rec^^urse to French examples, taking 
them also in the same retrograde order, till French Ilomanesque 
bc*iDg now pretty well exlmusted by the arcbtt^ologists— though 
not by tlie arehitects^the former are betaking themselves to 
the early Christian architecture of Syria and Asia Minor ; and 
before long we shall no doubt hear of Early Syrian as an ad- 
mitted style in which to erect a nineteenth century church. 

8ome portions of the field of art avadable in Europe have 

been more popular thun others, but magnificpnt examples of 

arcliiteetural research exist, from which the Mm^rish architec- 

w^re of SpiJin, the l^ormnn of Sicily, the still earher art of 

ireima, and the more oriental tj^ea of Venice, have respec- 



tively furnished the subjects, although notwithstanding thai 
there ia not one of these pliases of art which can ever be said to 
have been popular enough here or in France for its revival to 
have been seriously attempted. 

It will soon then be time for the antiquarians, whose cry like 
that of the ancient Anthenians, is ever for some new thing, which* 
however, must be old as well aa novel in order to plea^^e them, to 
turn their attention to a new field i but it i« aL*o not improbable 
that among the students of architecture, as distinct from arehao* 
logy, there are few who will not welcome an introduction to a 
fresh field where a development of architectural art hitherto 
little known or valued awaits their study. 

To such the field of Western India may be well reeommended 
as containing a fund of wealth, little known, and less carted for, 
embodied in piles of masonry crumbling to decayp and fast 
becoming desecrated and destroyed, but displaying a uoblei a 
consistent, and a highly developea phase of art. 

We have before us at this moment a volume of photographt, 
from some of the most remarkable Mohammedan btiildingd ol| 
Ahmedabad, of which we shall in a future number give a carefiill 
notice, in the form of a review. This, by far the most aecessibla 
illustration of the art to which we are now endeavouring to b#i 
speak attention, shows a mere fragment of the whole, ^d givei, 
but an inadequate idea of the beauty and completeness of tha 
work. Such as it is, however, we are deUghted that it shoidd 
be published, for the periods of high art have not lasted so long 
and their infltience has not extended so wide as to make 
ua willing to forego the knowledge of any truly noble work; 
and however well such works as these of Mr. Ferguson may 
have unfolded some of the peculiarities of the various Indiaa 
styles, the beauties of this, by far the most artistic of them all, 
are not familiar to many. The diatanee and clinuite of India 
render a visit to these works themselves fornudable. yet we 
cannot forbear expressing the opinion, that before long they are 
likely to become a favourite field of research. 




COTTAGES FOE AGEICFLTUIIAL LABOUEEES AM) 
WOBEJMEN, 

{With mn Engmving.) 

So much has been said and written upon this subject dxmny 
the last few years, that it might appear little more relating to it 
remains to be stated or suggested. A variety of designs for, 
cottages have been illustrated and described from time to tima 
in this Journal, and in other publications ; and many of tke^ 
have possessed considerable merit, as to design and arrangement 
of plan. In many counties of England examples of such 
cottages have been erected, and are proofs of the great dejfire 
on the part of some landed proprietors to benefit the agTiciiltn< 
ralistfl living upon their estates. In other eases, largw 
iriaiiufacturers have manifested a great interest in the welfiuv o{ 
their workmen hy the erection of whole villages of improivei' 
dwellings, the rental from which would not return even a 
moderate interet^t upon their cost. Those landlords who have 
in this way studied the comfort and well-bcinj; of their 
labourers appear to have adopted the late Lord Palmerstou'i' 
idea who cousiderc*d it was the duty of the lan«llord to provida, 
decent homes for the agricultunil labourers working upon hit 
estates. He felt justly, that the wages received by the lalhmrrr 
is such that it is out of his power to pay in weekly rent suffi-. 
eicnt to render cottage liuildiug a profiUible investment : but 
he considered that a i'arnistead is imperfect unless the landlord 
provide cottages for the labourer as a necessary appendage to ■ 
farm, in the same manner as a dairy is to a farm house. As such 
he placed the investment 00 tlie acreage of the land, 

Ihe niodid cottages built by the late Lonl Pulmerston at 
Broadlands, and by other landlords, do them much credit, but a 
mistake has in most instances be(*n the uimeccssary increase oC; 
cost, by making the rooms larger, with wails fini^ed 
inside more expensively, than is at all desired by an agrirultartl 
labourer, thus causing these improved cottages to be eoai* 
panitively rare in England. 

Landlords desiring to erect Ittbourera* dwellings would find 
some useful suggestiona in a little book ?• entitled '* Healtiiy 

* " Hpdtbv Moml IIoin4»H for Af^calturiJ Labotirt^rs/* Srn., %i ^akm< f^ 
lislied bj this Aiitbo7| P. ThoicxiBoo, »A, High 8lrecl| Mjurlebaiie, 
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Moral Homes/* the object of wliich is to prove that this class 
of cottages can be built at such a cost aa to meet the low wages 
feoeiyed by the agricultiiral labourer, and that the ow^aer would 
receive a fair interest upon his outlay. 

The suitability of cjoacrete as a material for the cheap con- 
atruetion of wafla of houses and other buildijigs has recently 
been tested, by the erection of two semi- dt^tac bed cottages in 
the Woolwich Itoad, B.'dey Heath, Kent, all the walls a^ well 
aa the gn:)itnd floor and roof of which are of concrete. These 
two cottages are illustrated on tlie iiecotnpanyitig Plate. (No. 34) 
by a perspective view, ground and chamber plan, and transverse 
section. They cAch contain six rooms and the cost of each* 
including ear pouter a' and joiners* work and all fixtures, was 
£100. The concrete walls of these dwellings were constructed by 
meanf of an apparatus invented and patented by Mr. Tall 
of the Old Kent Road, London* Part of this apparatus forms a 
•cafiuld as the work progresses. It is illustrated by the diagrams* 
figs. I to 10, {Plate 3i), and will be best understood in the words 
ofthe specification of the patent, which we quote. 

The object of this invention ia to clFect an economy in building 
dwelling' houses, cottages, garden walls, Sca.^ by forming such atructuroa 
m concrete combined with brick rubbish or other hard durable substaQce 
in place of employing costly brickwork or maaonryi aa is now the caao. 
In oarryini: out thii invention, an ordinary concrete foundation ia laid, 
mxtd upon the foundntion horizontal frame&, coofftmot&d of boards liaed 
with siQC or othor metal, arc set up on edge. These framcSi 03 shown 
in plan at &g. 1, plate 31, and io side elevation at fig. 2, will fonu the 
outer and inner facea of the WLilb to be built, aad the two sidos a, a^ of 
the ^mea wUl together constitute a kind of trough [&, for receiving the 
OODcreto and other mittcrs of which the wall is to ba composed. The 
walls or boards of the frame are secured at the angles to angular pillars 
or supports c, c, by means of thumb screws <f\ e\ Gauge couplings d^ d, 
may alto be used to connect the sides a^ a, of the frames together, and 
keep them from bulging. Aa th« concrete in the trough b bqU, the 
fr«mes arc to be shifted higher up the pillars #, #, and agciin attached or 
•ectired by the thumb aorews e'\ and a tyrthcr supply conerete and other 
materials u laid in the raised trough &. When the wall boa boen raised 
io a leTel for the doorway^ the door frame is set up aa at «, 3ga. 1 and 2, in 
the trough at the part where the door is required to be fixed, and a 
second Irame/, acting as a core, forms the required reveal in the wall. 
In like manner, the openings for the windows ora to be formed. 

To allow of the flooriog joists bei.ng bedded or inserted into the walls, 
oorea representiDg the eods of the joists are used, so as to form recesses 
for the ends of the joists. Fig, 3 represents the cort^s ^^ p, formBcl ia 
three pieces, so that by withdrawing the centre piece^ which ia wedge* 
■haped, the other pieces mav be easily removed* They are aecur^ behind 
by a block piece p^. When placed in the trough, they are concreted 
over, When the concrete ia set, the cores ^, p, may be withdrawn, and 
the recesses will be provided f*r r*»coiving Oie ends of tlie joists », aa 
ahown in the dctatchetl sectional view, tig, 4» 

For the fireplaces and chimney fluL-s, where they occur, the construction 
of tlie inner frame is changed, and the Iraiue is constructed with a suitable 
SQgular internal projectiog part^ as sbown at fig. 1, a core or block i, 
being provided for the fireplace. The fiucs are made by inserting cores 
nine iaohes in diameter, consisting of solid blocks or hollow tubea. These 
ooree, which are shown detahced in plan and elevation at fig. &, nre dniwn 
up higher and higher as the wall rises, so that a oircular fiae of the pro« 
per diameter ia then f termed. A suitable core i, is also provided for foi;m- 
ing the fireplaces and for connecting them with the flues, la order to 
form the roof, a rough flooring of joists A, is first laid, as shown at fig« 6, 
and boardsy^ then the joints and bimrds are covered over with a layer of 
ooncrete k. Over this a latico work of hoop iron /, /, is next laid, or 
woodwork may be used, a* at fig. 7 » which will overlie or be inserted 
into half the thickoesa of the walls. This lattice work is covered with 
another layer of concrete Jt\ care being taken to give the upper surface a 
anitable inclination to throw oflf the rain. If preferred, an arched roof 
may be coniitructed by applying concrete over aa ordinary centre or arched 
6umework cover^jd with zinc, by which a smooth surface is produecd. 

In order to form cornices for the windows and doorways, moulds, as 
shown at iw, fig. fi, are employed, which whedier applied at the time of 
building up tlie walls or afterwards, admit of the cornice being cast in 
paaitiou by running the concrete into the mould. 

For forming the ground floors of cottages and warehouses, the ground 
i« eovered with a layer of concrete, and upon this concrete is laid a lattice 
work of wood of square or other pattern, as ahown tn plan at fig. 8, and 
the f paces between the laths of lattice work are filled with concrete, the 
wood work being exposed. 

Instead of using the ang-ulor pillar? r, above mentioned, and shown in 
figi, 1 and 2, the aide frames a^ a, may, at the commencementof the work, 
be connected together at the angles by angle pieces equal in depth to the 
width of the frames, or the side iframoa mav be connected together at their 
enda by screws ; but in whatever way the ends of the side frames are 
oooneoted together, the frames a, 0, forming the opposite sides of the 
trough ^1 must be connected together throughout their length by two lines 



of the cross tic bolts d, d, which pass throngh the hollow coree 4^,d*t 
sbowa detachrjd at figs. d. Ai the wall is formed, the bolts d, are with* 
drawn, to allow of the side frames d, being raist^d, and the lower series of 
bolts d, are again to bo applied to the frames, but this time they will be 
passed through the holes in the concrete formed by the upper series. In 
this way tho wf>rk will ssrve to support the frames, and the angular 
pillars c, will nor be required. It will be obvious that chimney shafts 
miy be erected in a similar rannner to the wall building above described, 
la proceeding with such erections, the use of expensivu scaffolding may 
be avoided by coring out opeainga for the ptitlo^s or supporting timbers, 
which carry the stages for the workmen. This is shown at fig. 10, which 
represents a portioa of a wall with a sculf jldiai? or stn^e supported upon 
brackets li, n, which are secured to the wall by the tie bolts «\ ii\ 
When the brackets and their pLitforra are no longer required, the bolts n} 
are withdrawn and the cores knocked out ; the holes tbos lefl may then be 
filled up. 

Among the advantages fesulting from this employment of 
conerete, as stated bv the inventor of the apparatus referred to, 
are a saving of one fialf the cost of the walls as compared with 
brickwork; greater strength; the walls being thoroughly imper- 
vious to wet or damp; the ease with whirb eireular flues can be 
formed in the tbickne.ss of the walls for the passage of smoke and 
for entilating slnifts; that conerete walls are baa conductors of 
Bound as well as of cold and bent ; the absence of necessity for bond 
timbers; aud that the wuHh being nearly smooth require but one 
coat of plaster internally. Mr. Tall states that cottages each con- 
taining five roomn, built in blocks of four or six» with a frontage 
of 12 feet and a depth from front to back of 21 feet 8 inches, 
heigth from floor to ceiling 7 feet 6 inches, with wood bam 7 feet 
square, can be built for £01 i each, A block of six cott^iges of this 
class is alao illustrated in the accompanying plate. Iti must be 
nndcriitood that we do not illustrate these cottages on the score 
of any merit in their design, but merely to show what has been 
done to cheapen the cost of labourers' dwellings by the employ- 
ment of conerete. 

The proportions of materials for concrete employed in the con- 
struction of the cottages described were 30 cubic yards of gravel 
atone, through a five-eights inch sieve ; 3 cubic yards of Portland 
cement, 3 cubic yards of drift or river sand. 30 cubic yards of 
thii* concrete wii\ build 120 yards of 9 inch work at a fraction 
over In. 8d. per yard. The cost of labour is stated to be 9ti, per 
auperflcinl yard of 9 inch work. 

It may be stated that the Emperor of the French has ordered 
the erection, in Paris, of several blocks of workmens' dwelUngs, 
five stories in height, the walla of which, entirely of concrete, are 
now being constructed with the aid of the apparatus above 
described. 



TRIAL OF A STEAM FIHE E^^GINE. 



On the 27tb ult., an interesting official trial took place at the 
Royal Dockyard, Deptford, with a large steam fire engine just 
constructed for this dockyard by Messrs. Merry weather & Sons, 
from the designs of Mr. Edward Field, CE,; the engine being, 
in gc^nt^ral arrangement and construction, like those alreac& 
BuppUed by the same iirm for Devouport and Portsmoutrx 
dockyards and the Metropolitan Fire Brigade. Similar engines 
are fikewisc in band, we are informed, for the doekyanls of 
Woolwich and Chatham, and for the R^ussinn and Belgian 
Govi'rttments, 

The engine un<ler notice has double cylinders and is arranged 
on the long steady stroke principle, with direct action between 
steam cylinders and pumps ; the boiler being on the " Field *' 
principle, nosv extennively employed both for stationary nnd 
portable purposes. The chief points aimed at in the designing 
of these engines luive been simplicitv, durability, efficiency, 
accessibility of the various parts, and facilities for repairing in 
cases of damage arising through the carelessness of attendants ; 
eapeeially in allowing the boilers to become »hort of M'uter; as 
an instance of which we may mention that in the case of one ut 
these engines recently returned from a fire engine station, the 
boiler luid been allowed io get short of water, and that although 
nearly the whole of the tunes were burned, the other parts of 
the boiler were not in any wnj injured ; and the engine was 
returned in perfect working order within 14 hours ; whereas 
had the boiler been of the usual vertical tubular construction, 
there can be no doubt that it would have been entirely destroyed. 
The '* Field" boiler, as applied to these engines, lins, in numorous 
eompctitive trmls against English and American engines, shown 
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itielf capaLle of raiging steam m most cases JVom 3 to 4 tninntes, 
and even on some oceasionR 10 niinntcs earlier than th*^ iKiilera 
of oompctinp engrincw. whii-h is a i^Tcat adrantage in eiiablmg an 
early attaek to be nia^lr upon a firo. Another feature of tjiese 
engines ix that thej arc eurJrely free from a defect which sorely 
troubles all enpnes on the vertical system, viz., the exeessive 
fritrtioa prodneed wht^n pnnjpint^ sandy water; aniountiup in 
many cases to 50 per cent, of the power of the engines, which 
have been known to work well during their early trials, but to 
decline in duty after a short period. This ditTieufty is overcome 
in Merryweather's engines ity tht* peculiar construction of the 
pumps which have self-lubncatiDjr pistons, and discharge all 
Hand and gritt}^ matter through the valres without ita paHsing 
through the barrels of the pumps. 

At the trial on the 27th ult. which was considered highly satis- 
factory, the boiler was sujiplied with cold water; various 
presfures of steam being obtninrd as follows, viz., 5 lbs. per 
square inch in 4 minutes from time of lighting the fire; 20rhji, 
in 6 miDutrs 30 gcconds ; 30 lbs. in 5 minutes 20 seconds; 
40 lbs. in 7 minutes ; 60lbs. in 7 niiimtes 30 seconds; 80 lbs. in 
8 minutes ; 90 lbs. in 8 minutes 15 seeonds ; It lbs. in 8 minutes 
30 ficcends. The engine wa»« then Btnrted, and in 9 minutes 
from the time of lighting the fire, a strong jet of water IJ inches 
in diameter was issuing from the nozzle, jets of various sizes 
were used, up to 2 inches in diameter, and four Btreani.** of 
f inches diameter were projected. All the jets were thrown to 
great heights and distances, aud went with great tbrce well over 
ebimm y shafts in its vicinity notwithstanding the streng wind. 
The hydraulic pressure was fir-nut imea 140 lbs. per souare ineh. 

The engine with its suction and delivery boxes, while working 
remained pnictically quite free from vibration or ojicillation. 
The two steam cylinders of i\m engine are cneh 8| inch 
diameter, and 24 inch stroke ; each pump barrel being f J inch 
diameter, and having the i?ame stroke as toe steam eilinders. 

These trials were witnessed by Captain TVilmott, dock- 
yard superintendent ; Mr. Sauiideri*, ntaster shipTHTight ; 
ifr. Simmonds, assistant engineer ; and sevei-al other scieuti&c 
men. 



THE EESTORATION OF ST, DAVID'S CATHEDRAL, 

The lower part of the great tower of St, Davtd*» Cathedral 
vrns in danger of falling, and new piers have recently 
been put in. 1 he tottering condition of the tower needed prompt 
attention, and Mr. Geo. Gilbert Scott was indted to examine and 
report^ in 1862, upon this mat^nificent monument of tLe early 
ecelesiastical architecture of tliis country. 

Mr. Scott's report was to the effect that the present struetnro 
waa commenced about the year 1180, by Bishop do Leia at the 
exact time when the Eomanesque or rcumd arched style was in 
a slate of transition into (he Pointed Gothic, and at the period 
when architecture was being freed from tlie barlmrism of the 
dark ages. About this time also the ehurdi of 8t. Cross, near 
Wimhestcr, was built, also the eastern portions of Canterbury 
Cathedral, and the present Abbey of Glastonbury, all of which 
somewhat resemble tst. David's tathedral in style. The liiUer 
exhibits much beauty and refinement in its details, especially in 
the caned foliage and onaamental masonri% but it wna rather 
back w a rd i n t h e a dopt i on o f t !j e poi n t e « I arch . Tl i e w } i ol e o f t h e 
building commenced in 1180 was prepared to be vaulted with 
stone on the *'se\partite" principle, but it is not evident that the 
vaulting was carried out. 

In 12:0 the great eentral tower fell in, seven 'ly tnjunng the 
ehoir and transept. One side i»f the ruined tower was left s^taiid- 
ing, that of the western arch with its two piers, so tliree siiles of 
the tower with three archea were built up anew. In 1248 the 
building was much shaken l>y an earlhqiiake. rendering much 
reconstruction necesjiary ; chapels were extensively adtled, aud 
about 13t.O, the Lady Chanel was eitlier erected or greatly en- 
larged by Bishop Ca^id if art in, who probably carried up the 
tower to within one stage of its present height. Bisliop Gower. 
who held the see from 1H8 to 1347, had an insatiable appe- 
tite for building, so he enlarged and altered much of the 
cathedral, and besides erected the stupendous bishop's palace 
alongbide. During his time the rood-sereeu was constructed, and 
several beautifijl monuments intri:»duced, Jn the next century 
"**'-hop Lloyd madcfurtlitr im^jrovcmtnts, added a storey to the 



great tower, and Teeonstructed tho gorgeous roof of thenar 
From the fifteenth century to the present time thecathedralhi 
been falling into a disgraceful state of decay, inhabited priaci^ 
pally by the owls and bats, and when Mr. i>eott made hid 
survey, the walls and pavements were streaming with waterJj 
As might be expected, the old and new sides of the tower ha^ 
begun to separate in the course of jrears, so he found a greiT 
crack in the masonry eauKcd by the sinking of the westerr "'''' 
wbieh nlso cm ^hed down portions of the nave, and thren^ 
of the pdlars of the arches out of the perpendicular ; m f«« ^ 
ruin was in a most melanchol}* state, and the tower in immediajj 
danger of falling. 

Mr. f?cott estimated the necessary expense of the re^toratial 
at £*30,iXMi. He proposed to follow the ancient ityle of iirdif 
tecture in all respects, so aa to retain the ancient features of til 
budding in their pt^rfection, to make the tower safe, and to brini 
the edilice into a state of Reembness ns a parish church, all thi 
would be necessary for the few Cambrians in St. David's Likc?^ 
to attend service therein. Tlie work of restoratTon wa& thfl 
divided into four contracts, and the most urgent being that f^ 
tlie preservation of the great tower, it was let out first 
Messrs. WchkI & Sons, of Worcester. This contract ainouii 
to £li,tHlO, vhieh sum includts the construction of a drotn i 
round the cathedral to carry oif the water already men tiomj 
taking out the two \^ei?Jt piers of the tower and replaeinjj^^* 
with new on the ancient mcwlel, restoring the tower and re|^ 
and restoring the ehoir stalls and seats, repairing the org 
repairing thoroughly the eastern chancel. 

The work of rejaration was eommenecd about a year 
a-half ago, by the difficult task of repairing the tower, on Ul 
same plan as* thai odoiitrd a few years since in the preserrati^ 
of the tower of the eathtdral of Ihjyeux, in France, llic toiri^ 
of St. David's Cathedral is 124 fiu-t high, 40 feet square txU 
nally. and weighs mt>re than 4,(CN) ions. Mr. Clear, tlio reiidt 
arcljiteet, began by fi.ting bracing inside and outside the low« 
and bolting its walls together to make it as much in one pr(^' 
as possible, after which he f^erewed the sides of the toiler 3 i 
eloser to each other. The bracing w hich con?»isled of iitas»r 
ties of iron, of course took none of the wi-ight of the tQirj 
He next constructed Homo ineompressihle foiindAtio 
shoring of the most massive description, the suppor 
taining, in all, I7,f)00 eubic feet of timber undrr the no] 
M est arches, and against the two western piers* *l he whole 1 

of the tower rested for a considerable length of ti 

upon the shoreing upon oak ne«*dles passing throii l 

of the arches, wrougnl -iron girders being placed at; : aa 

The needles were sunported by fir logs erected nearly per 
dicularly, each of the logs being composed of nine pieCfi < 
timber tV)m 14in. square, bolted and framed together^ 

"While the tower rested on the main shoring, the two wrstn 
piers were gradually rebuilt beneath it, in good c* i 
and in small portions at a time, a movable system of s^L 
used to sustam the work in immediate contact with tho pjm 
operated upon. The north-west pier was commenced in Janosl 
last, and finished in Jliireh, when the south-west pier was cou 
pleted. Jn the course of the restorations relics hflYo ht>vu f^u 
indicating that a Christian place of worship ex! ' U^ 
of the cathedra! before the? time of Bishop de 1 
popular superstition in Pembroke shire, that ?t. i am cn^ 
ed at St. David*8, was in no way corroborated. Several j 
have been necessarily disturbed during the building ojH 
and Mr. Char says of thmi, that beneath the dais in £ ^ 
the rmnb^creen a grave was discovered, well built lyitli iM 
in tliree courses, and covered abctut three parts over wjih 
hard roughly heT\"n local stone. Only earth and a few piece* j 
leather were found in this grtive, ^ I 

Another grave close by was built of liewn stone in thii 
courses, with a cavity at the east end to fit the ' 
similar to those of the eleventh or twelfth centurie»4, 
of a single bloek of stone, Jn it were lound a humaji j 
iinthsturbed, the head of a pastoral stafl'. the recent prl^ 
handle of the staJV, a chalice of thin silver, also n 
an ametliyst set in it. The pastoral staff hcH' i| 

handle were of copper gildeil, delicately chasn.l, nuU 
preservation. It is conjectured that this might pel 
tlie grave of Bish(»p Hienard de Carew, who died on 
of April, I2b0, and was buried, according to Lehmd, **i 
at I art' cru^jtjci," 
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kr rude predecessors, wlio at one time mhabited tiio 
f wliicli sTUToandcd this town, cciiild rise from tbelr 
knd aee it in its present state, it may bo doubt f til 
If they woiild liave suiBcient knowledge to be iarprited. 
iBacbinery, almost resembling orgiinie beings in delicacy 
Ctiire, by wbieh you fabricate products of world-wioe 
Ion. tlie powers of matter applied to give motion to tbat 
Wry, are bo far removed from what must bave been the 
Sons of the semibarbariaiis to whom I bavc alluded, that 
iJd not look on them witb intelligent wonder, 
Hiis immense progress has all been eflected step by step, 
|d then a little more sudden than at other times ; but, 
I tlie whole course of improvement, it has been gradual, 
ftoOTing in an accelerated ratio. But jt is not merely in 
Ranches of natural knowledge which tend to improve- 
h economical arfs and mDnufaetures, that scieuc* haa 
feat progress. In the study of our own planet and the 
Pbeingg with which it is crowded, and in so much of tlie 
|!Bt M Tision, aided by the teleacope, has brought within 

65 of observation, the present century has surpassed any 
nt period of eqtial duration, 
mid DC difficult to trace out all the causes which have led 
increase of observational and expcrimenlul knowledge. 
pa the more thinking portion of mankind the gratification 
ibe discovery of new truths, the expansion of faculties, 
pnsion of the boundaries of knowledge have been doubt- 
iuffieient inducement to the atudy of nature ; while, to 
ire practical minds, the reality, tte certainty, and the 
jBive character of the aoquisitious of natnral science, and 
irmously increased means which its applications give, 
jpresfied its importance as a minister to daily wants and 
£utor to ever-increasing material comforts, luxury, and 

Igh by no meanin the only one, yet an important cause of 
Jfkd adfvance of science is the growth of associations for 
ing the progress either of physical knowledge generally, 
becial branches of it. Since the foundation of the Eciya! 
i now more than two centuries ago, a vast number of 
I nocieties have sprung up in this coimtry and in Europe, 
kintagea conferred by these societies are manifold ; they 
piose who are devoted to scientific research, to combine, 
it, and check their observations, to assist, by the thoughts 
^1 minds, the promotion of the inouiry undertaken; 
imtribute from a joint purse to such efforts as their 
J» deem mt>at wortny ; they afford a means of submitting 
Bipetent tribunal notices and memoirs, aiul of obtaining 
sr authors and others, by means of the discussions which 
^information given by those best informed on the par- 
subject; they enable the author to judge whether it is 
^ while to pursue the subjects he hJas brought forward, 

Ef defray the expense of printing and publishing such 
CB AS arc thought deserving of it. 
e advantages, arui others might be named, pertain to the 
jfcion, the iJ6th Meeting of which wo are assembled to 
Ifcte } but it has, from its intermittent and peripatetic 
br, advant^iges wliich belong to none of the societies 
Ire fixed as to their locahty, 

9g these are the novelty and freshness of an annual 
^ which, while it brings together old Members of tho 
liion, many of whom only meet on this occasion, always 
quota of new Members, infusing new blood, and varying 
lal character of our meetings. 

(risitis of distinguished foreigners, whom wc have pre- 
jltnown by reputation, is one of the most dehghtful und 
jbg of the results. The wide field of inqTiir3% and the 
lir of communications made to the Association, including 
iches of natural knowledge, and varying from simple 
pf an interesting observation or ex|)enment, to the most 
I and refined branches of scientific research, ia another 
I ohamcteristie. 
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Lflatly, perhaps the greatest advantage resulting from the 
annual visits of ihia great parliament to new localities is that, 
while it imparts fresh local knowledge to the visitors, it leaves 
behind stimulating memories, which rouse into permanent 
activity dormant or timid minds — an effect which, ao far from 
ceasing with the visit of the Assocmtion, frequently begins when 
that visit teinninates. 

Every votary of physical science must be anxious to see it 
recognized by those institutions of the country which can to the 
greatest degree promote its cultivation and reap from it tho 
greatest benefit. You will probably agree with me that the 
principal educational establishments on tlie one hand, and on the 
other the Government, in many of its deimrtments, are the 
institutions which may best fulfil these conditions. The more 
early the mind is tramed to a pursuit of any kind, the deeper 
and more permanent are the impressions received, and tho more 
service can be rendered by the students. 

Little can be achieved in scientific research without an ac- 
quaintance with it in youth ; you wiU rarely find an instance of 
a man who has attained any eminence in science who has not 
commenced its study at a very early period of hfe. Nothing, 
again, can tend more to the promotion of science than the exer- 
tions of those who have early acquired the ethoji resulting from 
a scientific education. I desire to make no complaint of the 
tardincMa with which science has been received at our miblio 
schools and, with some exceptions, at our Universiliea, These 
great establishments have their roota in kistorical periods, and 
long time and patient endeavour is requisite before a new branch 
of thought can be grafted with success on a stem to which, it is 
exotic. JS^or should I ever wish to see the sttidv of languages, 
of history, of all those refined associationR which the past im% 
transmitted to us, neglected ; but there is room for botn. It is 
sad to see the number of so-caEed educated men who, travelling 
by railway, voyaging by steamboat, consulting the almanac for 
the time of sunrise or uiU-moon, have not the most elementary 
knowledge of a steam-engine, a barometer, or a qua^lrant ; and 
who will listen with a half confessed faith to the most itllc pre- 
dictions as to weather or cometic influences, while they are m a 
state of crass ignorance as to the cause of the trade- winds or the 
form of a coraet^s path* May we hope that the slight infiltratioii 
of scientific studies, now happily commenced, will extend till it 
occupies its fair space in the education of the young, and that 
those who may be able learnedly to discourse on the EoMc 
di gamma will not be ashamed of knowing the principles of an 
air-pump, an electrical machine, or a telescope, and will not, as 
Bacon complained of his contemporaries, despise auch knowledge 
as something mean and mcehanicaL 

To assert that the great departments of Government should 
cnc43urage physical science may appear a truism, and yet it is 
but of kite that it has been seriously done; now, the habit of 
consulting men of science on important questions of national 
interest is becoming a recognized uractioc. and in a time, whick 
may seem long to individuals, but is short in the history of a 
nation, a more definite sphere of usefulness for national purposes 
will, I have no doubt, be provided for those duly quaUfied men 
who may be content to give up the more tempting study of 
abstract science for that of its practical applications. In thi« 
respect the Ecport of tlie Kcw Committee tor this year ailbrd* 
a subject of congratulation to those whom I have the honour to 
address. The Kew Observatory, the petted child of the British 
Association, may possibly become an important national establish- 
ment ; and if so, while it will not, I trust, lose its character of a 
home for untrammelled physica! research, it will have super- 
added the Meteorological iJepartment of the Board-of Trade 
with a staff of skilful and experieoced observers. 

This ia one of the results which the general growth of science, 
and the labours of this Association in particular, have produced ; 
but I do not proijose on this occasion to recapitulate the special 
objects attained by the Association, this haa been amply done by 
several of my predecessors ; nor sliall I confine my address i^ 
the progress made in physical scicuee since the time when my 
most able and esteemed friend and predecessor addressed you 
at Birmingham. In the various reports and communications 
which will be read at your Ejections, details of every Rtep which 
has been made in science since our last Meeting will be brought 
to your notice, and 1 have no doubt fully and freely discussed. 

1 purpose to submit to you certain views of what has within 
a comparatively recent period been accomplished by science. 

* fit nave been t he sl^pi leading to the attained rcstiltg j_aad 
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wBati Eis far as we may fairly form an opinion, is tlie general 
clmract(,*r pervadtDi? Tuotaeni discoverr. 

It seems to me that the object we nave in view would be more 
nearly approached, by each President, chosen as they are in 
iucoes&ion as representing different branches of science, giving 
on these oecasiona either an account of the progress of the par- 
ticular branch of science he hasi cultivated, when that is not of a 
very limited and special character, or enouncing hi« own view of 
the general progress of science ; and thougli this will necessarily 
involve much that belongs to recent years, the confining a 
President to ft mere rifum4 of what has taken place since our 
last Meeting would, I venture with diffidence to fiiink. limit his 
means of usefulness, and render his discourse rather an annual 
register than an instructive essay, 

I need not dwell on the common<^>laoe but yet import^int topics 
of the material advantages resulting from the flpplieation of 
acienoe ; I will address myself to what, in my humble judgment, 
are the lessons we have learned and the probable prospects of 
improved natural knowledge. 

One word will give you the key to what I am about to dis- 
course on ; that word is continuity, no new word, and used in no 
uew sense, but perhaps applietf more generally than it has 
hitherto been. We shall see, unless I am much mistaken, that 
the development of observational, experimental, and even de- 
ductive knowledge is either attained by steps so extremely small 
as to form really a continuous ascent : or, when distinct results 
apparently separate from any co-ordinate phenomena have been 
attained, that then, by the subsequent progress of science, inter- 
mediate links have been discovered uniting the apparently 
segregated batanc^s with other more familiar phenomi-na. 

Thus the more we investigate, the more we find thnt in exist- 
ing phenomena graduation from the like to the seemingly unlike 
prevails, and in the changes which take place in time, gradual 
progress is, and apparently must be, the course of nature. 

Let me now endeavour to apply this view to the recent pro- 
gress of some of the more prominent branches of science. 

In Astronomy, from the time when the earth wa^ considered 
a flat plain bounded by a flat oc*»an,— when the sun, moon, and 
stars were regarded as lanterns to illuminate this plain,— each 
auscessivG discovery baa brought with it similitudes and analogies 
between tliis earth and many of the objects of the universe with 
which our senses, aided by instruments, have made us acquainted. 
1 pais, of course^ over those discoveries wliich liave established 
the Copemican system as applied to our sim, it» attendant 
planets, and their satellites. The proofs, however, tliat gravita- 
tion is not confined to our solar syst+nn, but pervades the uni- 
verse, have received many confirmations by the labours of 
Members of tliis Association ; I may name those wlio have held 
the oflico of President, Lor<l Eosse, Lord Wrottesloy, and Sir 
J. Herschcl, the two latter having devotnl special attention to 
the orbits of double stars, the forraer to those probably more 
recent systems called nebulae. Double stai*s seem to be orbs 
analogous to our own sun and revolving roimd their common 
centre of gravity in a conic section curve, as do the planets with 
which we arc more intimately acquainted ; but the nebiilaa 
present more difBculty, and some doubt has been expressed 
whether gravitation, such as we consider it, acts with those 
bodies (at least those exliibiting a spiral form), as it dr>e8 with 
us; possibly some other modifying influence may exist, our 
present ignorance of which gives rise to the apparent dilBculty, 
There is. however, another class of observations quite recent m 
its importance, and which has formed a special subject of c?on- 
tribution to the Heports and Transactions of this Association ; I 
allude to those on Meteorites, at which our lamented Member, 
and to many of us our valued friend. Prof. Baden Powell 
assiduoujily laboured, for investigations into wliich a Committee 
of this Association is formed, and a series of star-eharts for 
enabling observers of shooting- stars t "> record their otsorvations, 
was laid before the last Meeting of the Association bv 
Mr. Glaisher. ^ 

It would occupy too much of your time to detail the efforts of 
Bessel, Schwinke, the kte Sir J. Lubbock, and others, as applied 
to the formation of star-charts for aiding the observation of 
meteorites whi(!h llr. Alexander Herschei, Mr. Brayley, 
Mr. Sorby, and others are now studying. 

J>T, Olmstead explained the appearance of a point from which 

the lines of flight of meteors seem to radiate?, as being tbo 

/?^7-^/«(V^/Vt' r/tnjshin^ point of their parallel or nearly parallel 

cxfur:^es appearing to am ohsvrvev on the earth aa it approachei 
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them. The uniformity of position of these radiant points, 1 
many corroborative observations on the direction, the distano 
and the velocities of these bodies, the circumstaDe4» that 
paths intersect the earth's orbit at certain definite peri^jds, 
the total failure of all other theories which have been advanc 
while there is no substantial objection to this, affbnl evideii 
almost amounting to proof that these are cosmical bodies mov* 
in the int<*rplanctary space by gravitation round the aun, j 
some perhaps round planets. 1 nis view gives us & new «U9] 
of continuity. The universe would thus appear not to have \ 
extent of empty space formerly attributed to it, but to be studd 
between the larger and more visible masses with smaller ph 
if the term be permitted to be applied to meteorites. 

Observations are now made at the periods at which i 
appear in greatest numbers— at Greenwich by ilr. Gl 
Cambridge by Prof. Adams, and at Hawkhurst by Mr. 
Herschel — and every preparation is made to secure 
accuracy as can, in the present state of knowledge* he \ 
for such observations. 

The number of known asteroids, or bodies of a smaller 
tlian what are termed the ancient planets, has been so inc 
by nimierous discoveries, that instead of seven we now 
eighty-eight as the number of recoguixed planets— ^^ 
discovery with which the name of Hind will be ever i ^ 
If we add these, the smallest of which is only three or 
miles in diameter, indeed cannot be accurately ukeajurcHl, and] 
we were to apply the some scrutiny to other partu of the hcavea 
as has been applied to the zone between Mar* and Jupiter,] 
is no far-fetched speculation to suppose that between 
asteroids and the meteorites, bodies of intermediate nxe 
until the space occupied by our solar syst^^m becomes- ^"-^ 
with planetary bodies varying in sixe irom that of Ju 
times larger in volume than the earth), to that of a L«.ix^v.*4- 
or even a piwtobbullet. 

The researches of Leverrier on the intra-mercnrial planets 
come in aid of these views ; and another half century xnay, ind 
not improbably will, enable us to ascertain that the now aeem^ 
iogly vacant interplanetary spaces are occupied by smaller bodies 
which have hitherto escaped observation, just as the asteroids 
had until the time of Gibers and Piozzi, But the evidaner ti 
continuity as pervading the universe doe« not atop at tele»oopie 
observation ; chemistry and physical optics bring us new proo& 
Those met4>orie bodies which have Irom time to tLme come so 
far within reach of the earth's attraction as to fall upon ita sur- 
face, give on analysis metals and oxides similar to too^ which 
belong to the structure of the earth — they come as travelkri 
bringing specimens of minerals from ejctra-terrestrial regioDf. 

In a series of papers recently communicated to the Frenrh 
Academy, M, Daubr6e has discussed the chemicaJ and miuermt- 
ogical character of meteorites as compared ^"ith the rocka of tltf 
earth. He finds that the similarity of terrestrial rtkcks to 
meteorites increases as we penetrate deeper into the eartk'l 
crust, and tliat some of the deep-seated minerals have a com* 
position and characteristics almost identical with meteoritet 
[olivine, her«olite and serpentine, for instance, closely resemble 
them] ; that as we approach the surface, rocks having aimilar 
components with meteorites are found, but in a 8tat€ of osidi^ 
tiou, which necessarily much modifies their mineral charticter; 
and which, by involving secondary oxygenized compounds, must 
also change their chemical constitution. By experiments he hu 
succeeded in forming from terrestrial rocks substances ren 
much resembling meteorites. Thus close relatiouahip, tliOQfL 
by no means identity, is established between this eaitil iod 
those wanderers from remoto rt^gions, some evideaoOv UuMlgk ft 
present incomplete, of m common origin. 

Surjirise has often been expressed that, while the mean apocifio 
gravity of this globe is from five to six times that of water, th^J 
mean specific gravity of its crust is barely half as great. It bii^H 
long seemed to me that there is no ground for wonder hi^T«»^B 
The osterior of our planet is to a considerable depth oxidatrd ; 
the interior is in aU probability free from oxygen, ami w hstfrrr 
bodies exist there are in n reduced or deoxid a if m\ 

their specific gravity must necessarily be high r r.it ot* 

their oxides or chlorides, &c. : we fincl, moreoviT* that soms nf 
the deep seated minerals have a higher specific i^ranty than tk« 
average of those on the siu'face ; olivine, for inatanoe, hat a 
specif] e gravity of 3 3* Then.» Is therefore no a priori intpivhi" 
bdity that the mean specific gravity of the earth should notably 
exceed that of its surface i and if we go further and sopfoia tb 
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interior of tlie earth to be formed of the same ingredient a as the 
exterior, minus oxygen, chlorine, bromine. &Cm a specific gravity 
of 5 to 6 would not l>e an iiidikely one. Many of ttic elementary 
bodies entering largely into the formation ot' the eartli'j* erust 
mre as light or lighter than water,— for in-stance, potassium, 
sodium, &c. ; other«» such as sulphur, sdicou» aluminium, have 
from two to three times its »pecilic gravity ; others, again, as 
iron, copper, arinc, tin, seven to nine times ; while others, lead, 
gold, platimun, &c., are much more dense, — but, speaking 
generally, the more dense are the least numerous. There 8eems 
no improbahihty in a mixture of such substances producing a 
mean specific gravity of from 6 t^ 6, although it by no means 
follows, indeed the probability is rather the other way, that the 
]yropartioD9 of the substances in th« interior of the earth are 
the same as on the exterior. It might be worth the labour to 
ascjertain the mean apecilic gravity of all the known minerals on 
the earth^s surfuc<*, aveni^ing them in the ratios in wliich, as far 
our knowledge goes, they quantitatively exist, and assuming 
tm to exist without the oxygen, ehloriuc, &c., with which they 
I, with some rare exception!*, invariably combined on the sur- 
face of the earth : great assistance to the knowledge of the pro- 
bable constitution of the earth might be dorived trom such an 
investigation. 

While chemiBtry, analytie and synthetic, thus aids ns in 
ftscertaining the relationshij? of our planet to meteorites, its 
relation in composition to otiier planets, to the sun, and to more 
distant suns and systems is aided by another .'jeieuce, viz, optics. 
That light paiiiiing from one transparent mecUum to another 
should carry with it evidence of the aource from which it 
emanates, would, untd lately, have seemed an extravagaot sup- 
position ; but probably (n^^idd we read it), everything contains 
m itself a large portion of its own history, 

I need not detail to you the discoveries of KirehhofF, Bansen, 
Miller, Huggin.s, and others, they have been ddated on by mj 
predecessor. Assuming that spectrum analysis is a reliable in- 
dii'ation of the presence of given substances by the position of 
transverse bright lines exhibited when they are burnt and of 
tntnsverse dark lines when hght is transmitted through their 
Tnpours, though Pliiclcer has shown tbat with some substanees 
these hnes vary with temperature, the point of importance in 
tlie view 1 am presenting to you is, that while what may be 
called comparatively neighbouring ex^smieal bodies exliibit lines 
identical with many of those shown by the components of this 
planet, as we proceed to the more distant appearances of tho 
uebuliB we get but one or two of such lines, and we get but one 
€T tiro new bands not yet identified with any known to be ppo- 
dueed by substances on tliis globe. 

Within the last year Mr. Huggina has added to hia former 
researches observations on the spectrum of a comet (comet 1 of 
1866), the nucleus of which shows but one bright line, while the 
apectrum formed by the light of the coma is continuous, seeming 
to show that the nucleus is gaseous while the coma would con- 
iiist of matter in a state of minute division shining by reflected 
light : whether this be sohd, li(|uid, or gaseous is doubtful, but 
the author thinks it is in a condition analogous to that of foe or 
rfoud- The position in tlie spectrum of the bright line furnished 
by the nucleus is the same as that of nitrogen, which also is 
snowM in some of the nebula?. 

But the most remarkable achievement by spectrum analysis 
ia the record of observations on a temporary star which has 
shone forth this year in the conatellation of the northern crown 
sbout a degree S.E. of the star e. 'V^Tien it was first seen, 
May 12th, it was nearly equal in brilliancy to a star of the 
•eoond magnitude; when observed by Mr, Huggina and 
I>r. Miller, May 16th, it waa reduced to the third or fourth 
jnagiiitade. Examined by these observers with the apectroseope, 
it gare a spectrum which they state unlike that of any colestuil 
body they bad examined. 

Tne light was compound and had emanated from two different 
Kntroes, One seeptrum was analogous to that of the sun, viz., 
formed by the light of an incandescent sohd or b*]uid phot*^- 
spbore which had stiflered absorption by the vapours of an enve- 
lope cooler than itself. Tho second spectrum consisted of a iew 
bright lines, which indicated that the light by which it was 
formed was emitted by matter in the state of luminous gas. 
They consider that, from the position of two of the bright hnes, 
the gas must be probably hydrogen, and from their brilhaney 
ootmpared with the fight oi the photosphere the gas muiit have 



been at a very high temperatiiro. They imagine the phenomena, 
to result from the burning of hydrogen with some other element, 
and that from the resulting temperature the photosphere ia 
heated to incandescence. 

There is strong reason to befieve that this star is one pre- 
viously seen by Argelander and Sir J. Herschel, and that it is 
a variable star of long or irregular period ; it is also notable 
tliat some of its spectrum lines e^rreapond with those of several 
variable stars. The time of its appearance was too short for 
any attempt to ascertain its parallax ; it would have been im- 
portant if it could even have oeen established that it is not a 
near neighbour, as the magnitude of such a phenomenon must 
depend upon its distance. I forbear to add any specidations as 
to the cause of this most singular phenomenon ; however imper- 
fect the knowledge given us by these observations, it is a great 
triumph to have caught this fieeting object, and obtained 
permanent records for the use of future observers. 

It would seem as if the phenomenon of gradual change ob- 
tained towards the remotest objects with which wc are at present 
ftC(]iiauiti*d, and that the further we penetrate into space the 
more unlike to those we are acquainted with become the objects 
of our examination, — ^sun, planets, met<?orites, earth similarlT 
though not indeiitically constituted, stars differing from each 
other and from our system, and nebula; more remote in space 
and differing more in their characters and constitution. 

While we thus can to some extent investigate the physical 
constitution of the most remote visible substances, may we not 
hope that some lurtlier iiusight as to the constitution of the 
nearest, viz., our own aatelfite, may be given us by the class of 
researches ? The Question whether the moon ipossesses any 
atmosphere may still be regarded as unsolved. If there be any, 
it must be exceedingly small in quantity and highly attenuated. 
Calculations, made from occultations of stars, on the apparent 
difTerenccs of the semidiami^ter of the bright and dark moon 
give an amount of difference which might indicate a minute 
atmosphere, but which Mr. Airy attributes to irradiation. 

Supposing the moon to be constituted of similar materials to 
the earth, it must be, to say the least, doubtful whether there 
is oxygen enough to oxidate the metals of which she ia composed; 
and if not, the surface which we see must be metallic, or nearly 
so. The appearance of her craters ia not unlike that seen on 
the surface of .**ome metals, such as bismuth, or, according to 
Professor Phillips, silver, when oooling from fusion and just 
previous to solidifying ; and it mi^ht be a fair subject of in- 
cjuiry whether, if there be any coating of oxide on the surface, 
it may not bo so thin aa not to disguise the form of tho oon- 
gealea nietaUic masses, aa they may liave set in cooling from 
mgeous fusion. M. Chacortiac's recent observations lead him 
to suppose that many of the lunar craters were the result of a 
single explosion, wlueh raised the surface as a bubble and 
deposited ita di^bria around the orifice of eruption. 

The eniptions on the surface of the moon clearly did not take 
place at one period ordy, for at many parts of the disk craters 
may be seen encroaching on and disfiguring more ancient crater*, 
somotimes to the extent of three or four successive displace- 
ments : two important questions might, it seems to me, be 
solved by an attentive examination of such portions of the moon. 
By observing carcfuUy with tho most powerful telescope the 
character of the ridges thus aucccssively termed, the successive 
states of tho lunar surface at difierent epochs might be eluci- 
dated ; and secondly, as on the earth wo should look for actual 
volcanic action at those points where recent eruptions have 
taken plac^, so on the moon the more recently active points 
being ascertained hy the suooessive displacement of anterior 
formations, it is these points which should be examined for 
existing disruptive disturbances. Mctiua and Fabricius might 
bo cited as points of this character, having been found by 
M, Chai'omac to present successive displacements and to be 
perforated by numerous channels or cavities. M. Chacomac 
considers that the seas, as they are called, or smoother portions 
of the lunar surface have at some time made inroads on ante- 
riorly formed craters ; if so, a large portion of the surface of 
the moon must have been in a tused, liquid, semiliquid, op 
alluvial state lon^ after the aofidifying of other portions of it. 
It would be difficult to suppose that this ntate was one of igneomi 
fusion, for this could hardly exist over a large part of the surface 
without melting up the remaining parts ; on the other hand^ 
the total absence ox any signs of water, and of any, if any, only 
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tlie most attemiated, ahnosplicre, woiild make it equaUj difficiilt 
to account for a large diluvial fommtioit. 

Some substances, like mercury on this planett might haro 
remained liquid afti?r others had Bolidificd ; but the problem is 
ooo which needs more examination and Htadj before any positive 
opinion can be pronounocd. 

I cannot pass from the anbject of lunar physiea without 
rccordiu^ the obligation we are under to our late President for 
his most valuable obaen^ationB and for his exertion in organizing 
a band of observcra devoted to the examination of tJii?* our 
nearest celestial neighbour, and to Mr. Nasmyth and Mr. 
De la Rue for their important graphical and photographical 
contributions to this Bubject. The granular character of the 
nun's surface observed by Mr. JXaBinyth in 1B60 is also a 
disoovery which ought not to be pasf?ed over in silence. 

Before quitting the subject of Astronomy I cannot avoid ex- 
pressing a feeling of disappointment that the achromatic telescope, 
which has rendered such notable service to this scicDce, still 
retains in practice the great defect which was known a century 
Ago at the time of Ha.ll and Dollond. namely, the inacuracy of 
definition arising from what was termed the irrationality of the 
Bpectrum, or the incommensurate divisions of the spectra formed 
by flint and crown glass. 

The beautiful results obtained by Blair have remained inope- 
rative from the circumstance tmit evaporable liquids being 
employed between the lenses, a want of permanent uniformity 
in the instrument was experienced; and notwithstanding the 
lii^h degree of perfection to which the griding and polishing 
object-glasses has been brought by Clarke, Cooke, and Mt-rtz, 
notwithstanding the greatly improved instrumental manufacture, 
the defect to which 1 have adverted remains unremedied and au 
eyesore to the observer with the refracting telescope. 

We have now a larpe variety of different kinds of glass formed 
from different metallic oxides. A hst of many such wa» giveu 
by M. Jacquelain a few years back ; the last specimen whjch I 
Lave seen is a heavy highly refracting glass tormed from the 
metal thaDium by M. Laray. Among all these could no two or 
three be selected which, havnng appropriate refracting and (\\n- 
persing powers* would havi^ iiic coloured spaces of their 
respective spectra if not absolutely in the same proportions, at 
all events much more nearly so than those of dint and crown 
glass ? Could not, again, oily or resinous subshmces having 
much action on the green or middle colour of the spectrum, 
such as castor oil, cnnada balsam, (fee, be made u?e of in com- 
bination with glass lenses to reduce if not annihilate this signal 
detect? This is not a problem to the solution of which there 
seems any insuperable difflicultT ; tlie reason why it has not 
been solved is, I inchne to think, that the great practical 
opticians have no time at their disposal to devote to long ten- 
tative experiments and calcuJatious, and on the other hand the 
theoretic opticians have not the machinery and the skill in 
manipulation requisite to give the appropriate? degree of 
excellence to the materials with which they experiment ; yet the 
result is worth labouring ft^r, as, could the defect be remedied, 
the refracting telescope would make nearly as great an advance 
upon its present state as the achromatic did on the single lens 
refractor. 

While gravitation, physical oonstitntion, and chemical analysis 
by the spectrum show us that matter has similar characteristics 
in other worlds than our own, when we pass to the consideration 
of those other attributes of matter wliieh were at one time 
supposed to be peculiar kinds of matter itself, or, as they were 
called, impoiulerables. but which are now generally, * if not 
universally, recognized as forces or modes or motion, wc iiiid 
the evidence of continuity still stronger. 

When all that was known of magnetism was that a piece of 
ateel rubbed against a particnJar mineral had the power of 
attracting iron, and, if freely suspendedp of arranging itself 
nearly in a lino with the earth's meridian, it seemed an excep- 
tional phenomenon. When it was observed that amber, if 
rubbed, had the temporary power of attracting hghi bodies, this 
also seemed something peculiar and anomalous. What are now 
magnetism and electricity? forces so universal, so apparently 
connected with matter aa to become two of its lu van able 
attributes, and that to speak of matter not being capable of 
being affV-cted by these forces would seem almost as^ extravagant 
as t« siH*ak of matter not being aflected by gravitation. 

So with light, heat, aud cheioical allimty, not merely is every 



form of matter with which we are acquainted cjipable of mani- 
festing all these modes of force, but so-called matter supposed 
incapable of such manifestations would to most minda ceaie to 
be matter. 

Further than this it seems to me (though, as I hare taken an 
active part for many years, now dating &om a quarter of a 
century, in promoting this view, I may not be 'considered an 
impartial juage) that it is now proved that all these forces are so 
invariably connected inter se and with motion as to be regarded 
as modificntions of each other, and as n-solving themAclTCi ob- 
jectively into motion, and subjectively into that somatliing 
which produce or resists motion, and which we call force. 

{Tq bt conclude m our naad.) 



THE luVrTEECOLONIAL EXHIBITION OF 

AUSTEALASU- 

Thb site Exed upon for the budding in which the aboro 
exhibition will be held, is situated at the rear of the Public 
Library at Melbourne, and will no doubt bo found a convenient 
position on account of its proximity to the more central parti 
of the city. The building like most of those in which exbibitions 
are held wiD be of a couiparaiivcly temporary nature, but soma 
portions which are being constructed of greater solidity tlum 
the rest, are intended eventually to form part of propofed 
extensions of the present library. 

The total amomit of space to be provided is about 35,000 ra- 
perficial teet, about one half of whitui is already applied for, and 
It JH anticipated that the buihUng will be completed and the 
exliibition opened by about the 11th October next. Thu 
building will consist of a central circular hall, a great hall, and 
two wings or anncx(*s, beside one or two smaller apartmcntf. 
The central or circular hall is 75 feet in diameter, and 50 fc#ij 
high ; it wdl form a vestibule or entrance hall to the re«t of tha 
building, and will be made avaLlable for the displav of articlri 
of an artistic nature. On each aide of it there will be an ope: 
apace about 75 feet square ; one of those will be used (k^ 
exhibiting such articles as are not liable to be damaged by ex- 
posure to weather ; while in the other there will be held i' 
series of flower shows. Immediately behind the central hall it 
the great hall, 220 feet by 84 feet, cf>nsisting of a central nava 
suiTuounted by a semicircular roof 60 feet nigh, and two fidtf 
aisles each of which will he 15 feet high. It will be lighted by, 
means of clestory windows. The two wings wiU be aboQl 
170 feet long by 28 feet wide ; one will be used aa a pictnrt 
gallery, and in the other will he placed the machinery in motion*' 
in this latter there will also be exhibited several manufacturing 
processes incluthng pottery, iron founding, quartz cnubing. gai 
making, &c. The whole cost of the building will be about 
i;25,'W), of which not more tlian about £3,iKX) ?rill be expended] 
on purely temporary work. The architects are Messrs, lieed 
ana Barnes, of Melbourne, and the contractors Mesara. Cun- 
ningham and Hdton, 




Ancient Minin(f^ — Interesting discoveries have lately 
made in the 8an bommgo mines of Spain, showing the mei 

of mining adopted by the ancients. In some of the min«9 

Itomans dug draining galleries nearly three miles in leQ^^tlu bnt 
in others the water was raised by wheels to carry it ovef thiJ 
roi'ks that crossed the drift. Eight of thesis wheela ha?* 
recently been discovered by the miners who are now worline in 
the same old mines. The wheels are raaile of wood, 
and felloes of pine, and the axle and its support of 
fal>ric being remarkable for the lightness of Lta oonstruniuQ. 
It is supposed that these wheels caimot be less than tiflccn 
himdred years old, and the wood is in a perfect state of 
vation, owing to ita inmiersion in water charged ^vifh *he sail 
of copper and iron. From their position and c<'t ll 

wheels are supposed to have been worked as t ; 
men B tan chog with naked feet upon one side. ILl v ^.^j* 

raised by one wheel into a basin, from wliich it wa* r - i : j 
another stage by the second wheels and so ou for eight stagci. 
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THE HYDBAULIC LIFT GEAVING DOCK* 

By Edwin Clark. M. Inst. C.E. 

(Contmtted fflom pags 242,) 

Mn Edwin Clark remarked, that hia object was to court the ftillest 
dlscusflion oo the subject of tbeae d.x5ka, and with that view, he had 
endeavoured to make the paper as comprfhennive in ita dctaila aa he 
ooiild. He took this opportunity of exprea^fnt^ bw obligatioui to those 
gvtitleaiefi who had assisted hltn in briui^nj' i\\i*m dock* to their present 
•tete Cnore especially Mr Didder and the late Mr. Robert Stephonson), 
not only iu the deaijjni, hut also in the financial pjirt of the undertaking, 
by taking upon thcmselvea personally a larp^o share of the first outlay. 
He had also to thank Mr. John Heppel for tho rery ingenious sug- 
Rcstion, which had been described, of arranging the presses in three 
groups, instead of in the mode originally intended. Mr Clark expressed 
his readtneas to elucidate any point upon which further information 
was dt!8ired. 

Mr. Abcrncthy inquired whether the statr-mcnt of coat included all 
the necessary excavation in connection with the llfl, in fact all th« 
preparations for rt?ceiving the machinery. Some information on that 
pijint waa neceasary, to enable a oomparison to ho made of the cost of 
thia dock, with that of graring docks of the ordinary description. It 
waactatcd* that the cost of the operation of lifting was about £3 per 
weaieL He presumed that was the average price. 

Ifr. Clark replied, that the cost of the excavations had not been given. 
Obvioiisly the excavations for receiving the pontoons, if anv were 
required* would form a considerable item in ihe cost of the work. In some 
places, however, the whole work conniBted simply of sinking columns. 
But he would before the close of thy discustion, ifive this information in 
di^tail. The cost of H fling named was an averagi* for sll the resaeU lifted. 
Mr. Charles Capper, having bad opportunities' of seeing a great deal of 
the operations of this dock, was satLsfii^d that, as a mechanical con- 
■^^.vance, it was perfect. Tho commercial success of the undertaking 
u, however, the question which came more within his own province ; 
tor however auccossfui it might be as a mechanical contrivance, if it 
wens not commercially successful it would be of no use. The Author 
bad deaoibed tho circumstances under which this dock was a com- 
meraal failure, in thi? first instance. It was assumed, incorrectly, that 
the mere charge for lifting tho ships, and the rental for the use of the 
pontoona would be sufficient to pay a renumerstivo return upon the 
outlay. There were about twenty-seven docks on both sides of tho 
river, ihe proprieton of which docks were repairers of ships, as well ai 
dock owners, and it was to their intereat to sink the chare© for the use 
of the docks in order to get the repairs of the vessels. This Company 
having at first no mechanical appliances for repairs, and being subject to 
the competition referred to, th*^ commercial failure of the project would 
be readily conoeired. It did not matter whrre dry docks were situated 
in this country, whether on the Tyne, or at Southampton ; tho system 
of charges for merely docking and undocking, and for the use of tho 
^locka, would not pay. The Tyne Aty docks did not pav more than 21 
percent, if tho profits were reckoned by these obargea only; and the 
diwki at Southampton only yielded a similar return, viz., 2| pef cent, 
upon the £166,000 of outlay. It was obvious that, to make tliese docks, 
or any ordinary graving di>cka, aucce^^ful speculaUons, the proprietori 
muat, to a cerUiu extent, go into the busineas of repairing the ihips. 
If they did that, as was the case in this instance, they would turn a losa 
Into a respectable profit. The last year before the Thames Graving 
Dock Company undertook repairs, the loss upon this dock was about ' 
^4,000, but since the repairing bad been superadded, dtbough it had 
<miT been as yet perfectly carriod on for nine months^ a profit hod been 
realixed of between £11,000 and £1 2, DO per annum, which of course 
made a very material diiTercnce in its commercial character. This dock 
^perienccd another drawback. Being the first of tho kind on tho 
ThamM, many modifications were required to adapt it to the peculiar 
requirements of the port. These were all additional expenses, of course, 
U usual, charged to capital ; and when reventfe had to poy upon capital 
•mplojed in making eipcriroenta, it affected the result. He was bound 
to aay, that the unrlertaking waa now approaching that state in which 
he wiahed to see it ; and ho believed before long it would be one of a 
highly rcnumerative character. 

Mr, P. Hedger endorsed all that had been said as to the unremune* 
rative character of tho docks at Southampton, the return being not more 
than 2| per cent., or 3 per cent, upon tho outlay. The repairing of 
iJiipa formed no part of the busTnesa there. At* Southampton there 
were three dry docks, one of which could accommodate any ahip vet 
built, except the *; Great Eastern '* 

Mr, A, uiles said, the paper oontained much that was interesting, and 
the mechanical arrangement* of this dodc were no doubt of the roost 
■dnufAble and perfect character ; but he thought the ordinary graving 
dCMkt had b^en undeservedly condemned. Before the advantages of 
thii doek could be compared with tlioso of ordinary graving docks, it 
wu ndeoa&ary to be mformod what had been the total cost of the 
cxifting works. 

Mr. J. Soott Russell, V.P., thought additional information was 
required to enable a oomparison to bo made between thia lyat^m and 
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that of a floating dock to be filled with water hj a steam engine, and 
emptied of water by the same means ; and especially was informatiea 
roqutrpd in tirder to form an appr*:>ximate cstimnte of the componitivttl 
cost of the system undpr discussion, and that of simplv filling and < 
emptying the tanka in the floating dock, whit'h accompUsbed alt that 
was done hv the hydraulic apparatus^ He yielded to no one in 
sdmimtion of the ingenuity and ability displayed in the whole of tlua j 
appiiratus. but he th<m$;hr there was a di^cuUy in comparing it fidrly i 
with stone docks. Informntion waa also needed an to the advantagee 
and diiiadvanta^ea of having a vessel which has •* hogged," or out of 
ahapo, placed upon an elastic pontoon which would yield to its distortion, 
or of placing it on a rigid pontoon which would not yield to its 
distortion, but which would compel it to come back to the atraiuht line 
on which it was origiDally built, and which it waa very desirable it 
should come buck to, before it was repaired. 

Mr. Edwin Clark stated, that the coat of the excavations for the lift 
pit proper waa £2,0041, the contract being let at 1«. per cubic yard. The 
cost of the whole of the excavation, including the lift pit nud the deep 
channel leading frrtm the lift pit to tho Victoria D<xk basin on the one 
band, and to the ihnllow water used for the pontoons on the other hand, 
amounted to £3,59.'). The lining of tho dock with concrete and 
masonry was executed at a cost of £4,473; and tho timber platform all 
round tho dock waa provided at a cost of £4,618. The outlay upon the 
coffer-dram in the dock waa £6,543. In addition to this the engine* 
hou^c and va]ve«houao were elected at a cost of £2,200, making the 
total cost in connection with the lifting apparatus, £21,427. 

Sir Charles Pox thought the term '* power," aa applied in the pan- 
graph of the paper which stated " That power, when required, ia 
increased bv cutting off one or more of the pumps," was an erroneoui 
use of that word. The word "force" would more correotly convey the 
notion of tho Author, inasmuch aa no reduction in the number of the 
pumps could affect tho power of the prime mover, in thia oaae. a iteam- 
engine of 60 HP. The only result of cutting off pumps would be, to 
let the whole of the above power be expended upon a smaller number of 
pumps, and consequently to increase the pressure in the cylinders in 
work, and so to spread tho operation of lifting over a longer period of 
time, but in no way could the power be interfered with by that operation. 
It was stated in the paper, that the rams were each 10 inches in 
diameter, having, of course, an area of 100 circular inches: that their 
li fting capacity being 2 tons per circular inch, waa therefore (lesa the 
weight of tho ram) 200 tons each. It waa further stated that these 
rams had been proved, to the extent of 2J tons only per circular inch. 
Kow it seemed to him, that if some of th^e pumps wore thrown out of 
work, and the prcMuro thereby increased in the cylinders stiU in 
operation, the limit of half a ton for proof waa far too little. It waa 
known, that the Board of Trade in dealing with a bar, which waa con* 
sidered to be capable of carrying, aa a minimum. 20 tons, would not 
permit it to be loaded to mire than 5 tons ; but then that rule wot 
applied to structures which where exposed to many trying circumstanoes 
and influences, aueh as corrosion, vibration, Ac, and therefore, though 
he did not think the proof of hydraulic presat^s need be anything Use 
that of double the actual pressure emplnyed, ftill it should notholoM 
than 50 per cent. more. YLa should not be satisfied with exerting' a 
pre&sure of 2 tons per circular inch, unless he had proved the press to 
about 3 tons ; and. if it wirre hia intention to increase tho pressure in 
any individual cylinder beyond the 2 tonj*, he would prove that 
cylinder to at least 8 tons and perhaps 4 tons, AUcr a very long 
experience in the use of hydraulic presses, bti had arrived st the con- 
clusion , that a pressure of 2 tons per circular inch was the ono practically 
the most desirable, and with that as a maximum, he would not feet 
comfortable with a press proved to leas than 3 tons ; and if any real 
advantage was to be obtained by cutting off any of the pumps, the 
presses ousht to be proved to the extent of 4 tons ; and, therefore, this 
operation of cutting off pumps could not be p<frfi>rmod, with safety, with 
a proof of only half a ton beyond the ordinary working pressure of 
2 tona in the cylinder*. Aa to the commercial element of the Hydraulic 
Lift Graving Dock, compared with the old form of dry or graving docks, 
bethought the -statements contained in the paper fulled to carry con. 
viction in its favour to the minds of tboac who would take the trouble 
of making a oarotul comparison between the two. It was admitted« 
that in conseoucnce of tho competition of dry docks in tho Thames, it 
was not till about nine months ago, when the Company took upon them- 
selves the additinnnl busineaa of repairing vessels, one open to but little 
ompetition, that \\w plan ceased to he attended witli con.^idcrablc loaa. 
Up to that period the revenue account of the Company showed a debt of 
j6'4,n00 against the working of the hydraulic lifting apparatus, and it 
was only by the Company having embarked in the new busiueaa of ship 
repairers that its pecuniary position was improved — not by the use of 
thia lift, but by the profits of their new avocation ; while the dry or 
graving docks at Southampton, where shipa were not repaired, paid a 
return of 3 per cent, upon the capital embarked in them. The con- 
clusion at which be had therefore arrived was, that this description of 
dockjp^r tt had hitherto failed to show satinfactory oommerciitl results. 

Mr. F. J. Btamwell would, in the fin&t instance, add a few words on 
the history of floating- docks, Thi» history had been touched on by the 
Author, but he had not carried it back to the earliest times. Mr. iJram- 
well found it recorded that, in 1786, one Watson, a shipwright on the 
Thames, constructed a wooden fioating<dock in which a large vessel called 
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the ** Mercury ** was repaired. In this c-onstruction of Soatiog-dock there 
was an end'gfttc, which was lowered to admit of tho ve»«cl entering, and 
the gat*-! being aflerwaida raised, the water was pumped out of the dock. 
Mention was aUo made, in 1776, of one Aldereley having constructed 
**a large portable dock in which to float vessels." 

Aa regarded the more modem hiatory of floating-docks, the Author 
had alluded to the box dock and the sectionftl dark, both of which had 
been u?ed in Anieriea; but he had omitted to mention a dock that was 
iiftinl in that country prior to either of tho other two docks ; and Mr. 
Brnmwell waa somewhat surprised at thia, as, in its modified construction, 
it nppeart'd to him to be one thot ought to have found favour with those 
who advocated the raising of vessels by hydraulic prcaee^. He alluded 
to the dock which, from iU originnl construction, waa known in the 
United States as the Screw Dock, but which was afterward* worked by 
hydmuliG power. He had placed on the wall a rough drawing;, showing 
tnia dock aa thus constructed with hydraulic power. It would he aeeu 
that it consiated of two parallel rows of piling placed at right anglea to 
tho shore ; these rows of piling being wide cnonsh apart, euHlcuntly 
roomy, and in a sufficient depth of water to lako in between them tho 
largest ships the dock was competent to lift. The piles in each row were 
connected at the tops by timbers, on which was a gangway. From one 
row of piles to the other there were, at frequent interraU, transverse 
timbers. These timber* were lowered into the water, and tho ships to be 
docked brought over them. At eiich end of each timber there waa a 
chain, by which it waa i»iispendcd. These chains went upwards, and 
passed over pulleys placed on the frames connecting the heads of tlio 
pties, and then all the chains on each side were connected to a horizontal 
traction-bar, which was a very strong wooden bar ej[tending the whole 
length of the dock, and supported on rollers To each traction-bar, there 
WM a powerful hydraulic cylinder, and on this being worked, the traction- 
bar wa<i moved endways, and thereby the whole ot the chains attached to 
it were iinifornily drawn; and in this manner the presses on the two aides 
being worked at equal rates, the whole of the (teams below the vessel 
were simullaneously and unifurmly raised, lifting the vessel that was 
umm them out of the water. He hud seen that dock when at New 
lork in 1853, and he believed it had been in operation for many years 
previously, and with perfect sueeess. It appeared to him to be interest- 
ing as regarded the present paper, to the lilting of vesiscla by means of 
hydraulic presses. 

Having made these few remarks upon some points omitted from the 
history of Boating docks and of docks worked by hydraulic power, be 
would now remark on the sabjwts mentioned in the paper, lie undi r- 
Btood the Author to lay consitJerable stress on an advantage possessed by 
tho Hyraulic Lift Graving Dock, that the bilges of the veasids were 
supported almost immediately upon the keel taking tho blocks, and a 
contrast was made between this nukde and that practiced in ordinary 
dry docks, where until tho whole of tho water was removed, v) as to 
admit of the workmen fixing the shores, the bilges remained unsupported, 
lie believed with the Author, that this ability to ^ive support to the 
hiige of the vessel at once was an importnnt mfittcr. He thought that 
in all cases after the natural support of the water was removed, it 
should h(* eompensated as speedily as possible by some other support. 
But although he entirely ngrecfi with the Author in this view, he 
thought it ought to be clearly understood, that that ability to support the 
bilge at once was not a property peculiar to the dock unrler consideration^ 
It would be found that it exiated in the New York Screw Dock, to 
which he had jnst referred, and it cjtistetl also in tbe Seclionnl Dock. 
The Author, therefore, in availing himaelt of the system of blocks to . 
SHpiwrt tho bilges, hnd done no more than had been done in previous 
docks, nor tljan might bo done in any other dry-dock ; at thi* same lirao 
ho waa glad to find that the Author approved of that which ho (Mr. 
Brarawell) believed to be a most useful precaution in the docking of *hips 

He would now go to another point which was raised by the Author 
which was this— that, in his judgment, not only was it unnecessary that 
the bed on which a ve&sel*was received while being dorkcd should be 
rigid, but that it was abs<dutely undesirable that it should bo so. Now 
he must.say he entirely disj^ented from this view. For although at tho 
present day there wero nirtny iron ships which were so well built aa to 
be efficient girJcra in then: selves and althoiii^h even won^den ships were 
now much belter trussed and bra< ed than they used to be in diysof yore, 
when they wore little more an iis^emblinge of timbers side by aide with- 
out proper trussing and fasten in|>, nevertheless he considered that a 
properly- constructed dock ahould bo one in w-hieh any vesjul might 
repose in the certainty of not being called on to rely upon its own 
strength as a girder to coroponsAte for the want of strength in the dock, 
and wher<% therefore, a ship, howr'ver weak in its construction, or how- 
ever old or damoged, migltt be taken with tho assurance it would not 
get out of t«hnpe. 

To eiplain himself still fiirther, he might say that when he had been 
consulted on the subject of flimtiug docks, he had laid it down aa an 
axiom, that the doekj if properly made, ought to possess so much Uke- 
np*i to a stone dock in its rij^irlity, that if a ship placed in tho dock were 
cut into slices, these varimis slices ou^ht to retain their relative position 
to cine another, although the weights of the various slieea wiojld, if of equal 
thicknejM}, bo very ditfercnt, As bearing on this point of the differenco 
of weight per foot run, ho wished to cairattenlton to the Author's mode 
flaking tho weight of a ship, which ho had donei as being, in extremu 
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cases of armour-plated vessels, 20 tons per foot run, or 6,000 tont for 
ship 300 feet in length. But Mr. BramwcU objected to the constructi* 
of a dock being based on the assumption, that a vessel had an unifoi 
weight per foot run. Take the cas« of a ship 300 feet long, ai 
weighing a not unusual weight for that length of 3,000 tons, it wou 
be very wrong to assume that that ship weighed 10 t^ns j>er foot 
the fact would probably be, that for each foot run amidships, she woiiU 
weigh about 14 tons, and for each fout at tho end only abotit 7 tons. 
Tho assumption, on the part of the Author^ of aniforoiily ^f weight p«r 
foot run must, he thought, be admitted to be a mistake ; and yet« u| 
this theory alone could the practice of a non-rigid bed be admitted, 
certainly such an eminently nun-rigid bed as the Author had pi 
forward as his ideal of excellence, viz., a shset of india rubber large 
enough to secure tho vessel. 

Having thus cndeavourt^d to explain the reasons why non-rigid beds 
were bud, ho thought he might be allowed to refer to the practice of 
ahip-buildt r?, to show that that practice coincided with the principles ha 
bad been ndvocfiting. It would be admitted that in building vceseis, 
the greatest po^'ttible pains were taken to obtain a thoroughly solid 
bottom for the slip-way whereon they were built ; and it was wtfU known 
that c<in3iderable damage had arisen from the ground of & aUp-wmy 
having occa^sionally yielded in parts. This showed the impoctanos 
attached by ship-bnilders to having a rigid lied on which to build a '^* 
It seemed to him that that which required a riijid support whil 
built, required a rigid support while being repaired. He wiAhfid, 
prvint, to be allowed to refer to tho v^ry pertinent obstrvation 03 
Mr. Swdt Kus^eU, that if a ship (jot out of shiipe while afloat, the thii 
wanted in repair was a dock that should bring her back into ahaj 
Mr. Bramwell believed ho was correct in saying, that ahmii ten 
twelve Tears ago, an impresiiion exisU^d in the mind of an inveniorp i 
a rigid bottom to a dock wiis a bad thing; and he proposetl lo rem^ 
this, by pkcing on the bottom of a stone dock a number of 
h\drj\ulic presses, on which the keel of a ship was to test, in 
resting on the ordinary kti I hloiks. Tlitt*e presses were all to be 
nectcd by pipe?, so that they might adjust themselves to tb« pre«ura 
the ketd. This nrraugement wus tried in one dock in Inondon ; but, as 
might, aecoitling to Mr. liramwell's views, have been ezpeeted, wis 
found to be injurious to the vcdseUj and had to be removed,, vid the 
rigid system of bhieks restored* 

It appeared to hmi that following upon this reference, to the effect of 
endeavouring to use for Ik eel -blutk hydraulic presses, when (>oupled up 
into a system, cnme not improperly the consideration of the operatioos 
which took place in the Ilydrauhc Lift Dock, when raising v%«els 
by the system of prr««es nl each side of tho doek. It was quite clear 
that so long as these were all united into one eystem, then* was oo 
remedy whatever against the vessel lilting either sideways or endways 
in the att cit being lifted, and the .\uthor had given well-merited praise 
to Mr. Heppel, for the suggestion of dividing the presaea into three 
distinct groups. Xo doubt by this arrange;u.ent perfect commaiid had 
b( en obtained over the raising, so far as related to k«>epin^ the lift 
horizontal ; but this arrangemt^nt of grouping did not get ovtjr the Cict, 
that the pre^es at the ends were exerting the same upward foree ss 
those in the truddle; that was to say, a foioe repri'Si^ntiotf the awrage 
load, and that therefore, us a vessel was unduubtr ! ' r at the end* 

ih-m in the middk\ it was lifted by an eice&s ol J ends* and a 

deficiency of force in tbe middle ; and the differeru u .r, l ,. cq the f* 
employed at the respective part^, and those forces actually req*nr«d 
to balance tho weight of the ship at those parts, had either to be 
off by the ship itaelf acting as a girder, or by thestrengtli of tbe pool 
or saucers so acting ; and he feared, looking at tho want of depth in 
saucer, that it was upon tlie ship itself tbe strain must come; and Ihil' 
he looked upon a»an undesirable point in the construction of the dock. 

Upon this question of preventing an undue lifting of one presa aa cooh 
pared with another, he would allude to a plan he hail prepared for tbe um 
of hydraulic presses in certain operations in the maoufacture of 
w^bere he had introduced a syateni of wedges, the withdnwal of ^ 
could be regulated at pleasure, and thereby whatever might be the 
power of any presd, its a^Jvance could only be at the rate allowed 
eoutrolUng wedges. He feared that such an apparatus oould 
introduced to llie presses in the dook without iia being made 
complex ; but, nevertheless, he called attention to it, aa a 
which the want of uuiformity of load on the presses might b» o' 

He would now say a few words on the subject of Hosting docks, whtdk 
the Author indicated as proper objects of comparison with his syiUca. 
The Author had referri'd to the failure of several Hosting docJcs^ b«t ha 
thought it would be found lite failure had bet.-n confined to ihit Amcrioui 
Bectioiinl dock. To Mr, Bramwell's mind, the failure of these doekl wm 
clearly t) be traced lo two dtfi ttive p»dnts in their design, mnd to thdr 
having been built uf wood. Tho error in design was, fint, tho malrirf 
Ihem in sections unconnected by any girder; secondly, thit absanct c2 
proper water-tight bulkheads. The timt error caused the ahipa to bt 
strained, the second prtsduced tho liability to turn over while in the "" 
of lifting the ehips^ but nothing was easier than to ditniniih to an 
nifleanl amount this tendenuy. As by the introduction of a few ^ 
li|jht bulkheads tho tendency to turn over, caused by any aooii 
inclmatiouof the dock huving sent the water contained in it lo r~- 
would b'' iiminished, so as to have no practical importanoc-, tha 
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of the tendency' would bo in a vciy rapid ratioi tliat wm to «»y» it would 
be in tbe ratio of the 8quaT« of the number of chtmbers into which the 
dock was dlTided by bulkheads i ao that a dock divided bj three bulk- 
beadfl into four chamben would onlj have t^rrth the tcQdcncT to turn 
over^ that a dock would have in which there were not any bolkhcada. 

He would, in eonclagion,, say a few words on a flnating dock which 
was now being constnjBtcd from hia design^i for St Thomas in the West 
Tndipa; and he bcjp^gpd leave tx) refer to it, because the Author bad said 
in f ffi*ct that all floating dock* were bod and unsafe ihinga. Mr. Brani- 
\vi 11 could not concur in this opinion, and he thought it would be a 
niiiMtr of regret, if a claae of docks, which could he uaed wherever there 
waa water enough to float tbem, and which wore wholly independent of 
the nature of ibe bottom, ind might therefore possess peculiar advantages 
in certain weathcrai were to be atigmatizcd an bad and unsnfo unbos 
thcjr really deterred that character, which ha hoped to convince the 
meeting they did not. The dock ho now alluded to was made of wrought 
iron, and was 300 foet long by 100 feet wide, and the bottom part was 
9 feet 6 inches deep ; this bottom was for convenience of manufacture 
and repair, made in six separate pontoons; each pontoon extended from 
aide to Bide of tbe dock, and waa in breadth 60 feet, or one-sirth of the 
length of tbe dock. Inaide the pontoona there were a proper number of 
water-tight hulkheada and a due system of trussing, to distribute the 
weight of the TesseL Upon the pontoons at the aides of the dock were 
two i^rdcra : these were lattice girders^ of about 35 feet hij^h, and 
siiihLi«;ntIy strong to transmit the surplus floating power of the end 
pontoons to the assistance of the more heavily loaded central pontoons, 
and in this way it was believed the fimdamcntal points of keeping all 
■train off the vesael had been arrived at. 

In order to prevent the dock from tilting out of level while lifting a 
vessel, there were smaller pontoonj*, or floats, which were contained 
within the open work of the side girders, and tho position of whirh, in 
relation to tbe dock as it rose, was maintained by suitable maehinery. 
He had preferred truased girders to the ordinary close aides of a box 
dock for several reasons: one was, that greater strength was got for the 
aame amount of metal ; another was, that tho open aide afforded good 
ventilation, a most important point in a tropical climate ; and another 
wa«, that the open girders, when immersed, displaced but little water, 
whereas tho closed sides ot a boi dock displaced several thousand terns, 
which had to be overcome by the admij^ion of that extra wt'ight of 
wattr into the dock, all of which bad afterwards to be pumped out. 
For these reasons ho had preferred the open girders, and had employed 
the adjustable floats to play the same part in prL^serviog the level of the 
dock, while being raised or lowered, that the closed sides effected in tho 
box dock. The adjustable float, in fact, represented juat tliat portion 
of the close side which, from time to time, was at the surface of the 
water. In using this dock the water would be admitted into the 
pontoons, which would eauae the dock to rush past tho floats which 
would rtmain on the surface ; then the vesael would he drawn over the 
keel blocks, the water be pumped out, and tho float apparatus worked, 
so that as the dock rose tlie ioats would still remain at the surface, the 
bilge shores being brought to act on tho vessel as soon as her weight 
Was fairly on the keel floats. He thought that this dock and the box 
dock were, when properly constructed, absolutt'ly safe, and that they 
would put for less strain on a ship when docked, than would be put on 
by tbe Hydraulic Lift Dock as now constructed. 

Mr, Abemethy, while admitting the great ingenuity which had 
been displayed by the Author and the other eoginccre who had advised 
with him relative to the construction of the hydraulic dock at the 
Tictoria Docks, was, nevertheless, somewhat at issue with him in the 
conclusion, that this desirription of dock was likely to become of 
universal application ; on the contrary, he thought tbe Hydraulic Lift 
would be adopted only in exceptional cases. In the paper, the 
Hydraulic Lift had been compared with the graving dock system 
^nerally, and also with floating docks ; and the subjects of compariaon 
instituted were, first, the quest)on of economy, and secondly, certain 
advantages which were claimed for the Hydraulic Lift. He' waa al a 
lose how to institute a fair comparison from tho information contained 
in the paper, because the Author had selected, in respect of the economy 
of the question, one of tbe most recent docks constructed at Portsmouth 
in connection with tho national dockyard at that place. The dimensions 
of that dock, and the quantity of stone and other material used in it 
were given, hut not the cost. As far as economy was oont^med, tho 
Author could hardly have selected a more costly example^ because the 
graving docks in connection with the Government naval establish men ts 
were generally btiilt entirely of finely dressed granite ashlar, throughout 
the whole of their parts^ tbe whole system of construction being of the 
moat expcnsivo character ; and it was not therefore a fair subject of 
comparison with the Hydraulic Lift system; yet it would seem, from 
these examples, the Author had arrived at the conclusion, that the 
graving dock system must of neceasity be more costly, and, in infiuy 
cases, even imprauticablo. But th« cost of the Hydraulic Lift had buen 
JLGi>J06{oT th(^ machinery, and £21,427 for the masonry and works 
CMiitiectcd with fne lift, makios a total cost of £88,132; the restdta of 
which, up to the present time, had been to provide aevcn pontoona of an 
aggregate length of 1,496 feet. 

Mr. A be rue thy bad, during late years, constructed a number of 
griving docka at present in uae, and proved to be very effective. 



Several of them possessed, it was true, advantagea in respect of site, but 
there were numerous sites as favourable in idl parts of the kingdom. 
He would, in the first place, allude to the grnring docks on the river 
Mersey, in the red sandstone rock. Tbe dimensions of five docks at 
Birkenhead, which he had constructed years ago, were as follows : 
No. 1, 300 feet long, 35 feet wide at the floor, and 18 feet 3 inches of 
water over the sill at ordinary spring tides ; No. 2, 200 feet long, 40 feet 
wide, and 18 feet 3 inches of' water over the sill; No. 3, 400 feet long, 
64 feet 6 inches wide, and 22 feet 3 inches of water over the sill ; 
No. 4, 440 feet long, 70 feet 9 inches wide, and 26 feet of water over the 
sill ; No, 5, 350 feet long and 69 feet widu, and depth of water over the 
Hill 22 feet 3 inches— making a total length of docks of 1,690 feet, which 
had been constructed at a cost of £86,000. Those were instances of 

faving docks in a favourable site, hewn out of the solid sandstone rock, 
e had also recently constructed two other docks at Falmouth, of the 
dimensions respectively of ;^50 feet by 51 feet, and 15 feet 6 inches of 
water over tho sill, and 400 fc^et by 66 feet, and 17 feet 6 inches of 
water over the sill : making a total length of dock of 750 feet, at a ooat 
of £29^000. In the construction of these latter docks, a considerable 
amount of pumping waa necessary, in consequence of the open character 
of the rock. Then again on the question of economy, it was obviously 
impracticable to carry out the Hydraulic Lift system near the existing 
London Docks, on account of the large area occupied; it would be an 
expensive item to secure such an extent as 26 acres, tbe area occupied in 
connection with tho Hydraulic Lift at tho Victoria Docks. 

The advantages elaimed for Hydraulic Lifts over the existing graving 
docks, beyond the question of economy, were^ — first, freedom from strain 
to the vessels docked, arising from the elasticity of the ponloons. Ho 
was not a shipwright, but he apprehended thai the element of elasticity 
would not be regarded by shipwrights as an advantage ; and he thought 
the rigid floor of a graving dock was to be preferred. It would, he 
thought, be a dangerous experiment to place a crazy old ship on an 
elastic l^caring. Another advantage claimed for the pontoon system waa 
the peculiar mode in which the veaaol was blocked. The same mode 
had for a long period been adopted in the ordinary patent slip, via., by 
bildge nnil slide blocks. That was as much a maUer of necefsity in the 
case of patent slips, as it was on ihia system ; but it was not a matter of 
necessity in ordinary graving docks. As a general rule, tho vessel rested 
on the koE'I blocks, and was shored from tlie sides ; but bilge blocks if 
necessary could ajs easily be provided on the floor of a graving dock aa on 
a pontoon or patent slip. A great advantage claimed for this mode of 
blocking, waa the replacing tbe pressure of the water on the outside of 
the vesscL Now, he thought, very extraordinary blocking waa required 
accurately to represent the pressure of water on tho outside of a vesseL 
It waa also stated in tho paper that the displaccmunt of a VMsel waa 
equivalent to the weight of each particular secLioa. That waa to say, 
that if a vessel was divided into sections, the displacement waa equivalent 
to the weight of each particular section. He apprehended tho dis- 
placement was equivalent to tbe form, capacity, and weight of the vessel 
as a whole, and not to any particular section. It was luriher stated, 
thot in tbe case of a vessel re»ting on keel blocks, the weight waa nearly 
equally distributed ov«r tho whole keel; that, he thought, waa errotieoua, 
as tbe weight would be due to the particular aection of tbe yeaael lasting 
on the blocks. 

With regard to floating docks, he agreed that aucb docks could be 
constructed to dock vessels with perfect safety, and he felt certain, that 
floating docks would give a more profitable reium, and could be worked 
with greater economy than hydraulic lifts occupying, as suggested, an 
entire pontoon for the accommodation of a single vessel at a time. One 
objection made to graving docks was, that on placing a veaael in dock, 
resting on the keel, a great length of shoring waa required ; and in the 
caae of the Mersey docks he had adopted means to obligate thatdiflieulty. 
At C43rtain portions of the dock, he had upright piers in the place of the 
altar steps, so that a vessel could be brought in between those upright 
piers, and moor? d directly over tho ki^d-blocks. Short shores only 
were required to keep her in jfilu, and those shores mi^ht be worked by 
machinery, so as to be adjusted immediately the vessel was on the ked* 
blocks. That system nt piers had been adopted by him at all the dooka 
at Birkenhead, eleven in number, and also at the two docks at Falmoutbp 
to which be hod referred. There could bo no doubt, that in regard to 
Tesaela of 'he largest class, such aa the **Warrior,*' which had a height of 
about 4<> feet fmm keel to deck, it would be exceedingly dangerous to 
risk such veaaelii on pontoons merely hlotked under the bilges, without 
horizontal shores at the sides. Therefore, he thought if pontoons Wi-ru 
ever applied to that class of ships, it would be neeessaiy to have sida 
pontoons, or side frames upon the horizontal pontoons, and when that 
was tbe case, the cost of the whole would equal that of a floating dock 
of the same capncity. As a further u*e to which pontoons might be 
applied, the Author bad pointed out the opportunities for tran spurting 
vessels on them for a coa-siderable distance, as for instance, across the 
Isthmus of Suex, if the cannl were ever cut ; but it was quite obvious that 
it would be impossible to move a large ship any considerable distanee oa 
a pontoon with her masts and rigging standing and exposed to tfaa 
action of the wind. In the instance givon in the paper of such trans- 
port, the pontoon, vfilh the ship on it, made to much leeway as to sink 
herself in a ^hort time with tbe vessel upon her. It was fortunate thiA 
took place in thallow aater, instead of in the Victoria Dock itaelf. 



THE CIVIL ENGINEER AND AKCHTTECTS JOITINAL. 



Aiu^tber point, was tbe economical working of the existing graTing 
dooka M compfirod with ibe pontoons ^ m in the cAse of repairs to 
itettnen, taking out tbe boilers, maobineiy, &c., and patting them in 
•gain. When vefssels were placed on pontooni, it was a costly operation, 
either to erect etaglog to the le'?*! of tbe deck of tbe ehip, or to lift the 
boilers^ or other heaTy weights from the ground, and then to lower them 
Into the Teaiel ; wbereaA^ by means of a powerfal crane, placed on siush 
piers as he had provided in his graving docka, the boilers, or other heavy 
materials, could be removed from the ship, and replaced with the 
groatoit fiicility. As regarded ihoring in graving dock«, it ceuld he 
done in any position, but not so under the pontoon arrangement. While 
atating thus broadly his view, that this form of dock could be used only 
in exceptional cases, and not as a general rule, be was at tbe same time 
fxmTiiioed in many positions it would provo aucoessfiilf as in a tideleaa 
•My or where the pnysieal difBculties were so great as not to warrant 
the expenditure ncees«ary for constructing tbe ordinary graring dook« 
In such a locality aa the Victoria Docks, where peculiar facilities were 
at hand, he thought the hydraulic system was admirably adapted for its 
purpose; but he repeated, that ha thought it must be consideFod 
altogether as exceptional, 

Mr. Vignoles said, the history of docks haring been toucbed upon in 
tbe paper, he would state^as the fact had not bei'n mentioned ^that he 
beliered the first ioitance of the employment of a doating dock occurred 
about the time of Peter the Great, in iho estuary or Bay of Cronstadt, 
where a north-country captain, wishing to repair his vessel, found an 
old hulk floating in the bay, upon which be had permission to operate ; 
and he arranged means of letting in, and pumping out the water, so aa 
to form a float tng dock, on wbioh to carry out the required repairs to his 
ahip. The name of that old bulk was the *' Carod,^' and to the present 
day a contrivanee of that kind was under^toijid by the term '* Camel," 
|wh(ch conBislcd of a rough wooden box from which the water could be 
discharged to raise it up, and into which water could be introduced to 
sink it again. With regard to the invention now under discussion, he 
thought it was one of the most ingenious contrivances that hod appeared 
for many yeant. Tie thought it was applicable in more instances than 
had been generally admitted, and he thought the comparison of the 
oxpeosea of the B}stem with those of graving docks on other systems waa 
qtute faUacions. Ev^ry invention must be applied to its own particular 
case ; and there were many cases in which this invention could be 
applied, both abroad and at home, with great advantage. 



ON SOME OF THE ARTISTIC FEATIHIES OF THE 

ESSEX COTTAGES.* 

By the Rev. E. S. Cobhie. 

This title ia not only too aTiibitiou.s, but not ntrictly accurate, 
U I "shall embrace in my remarks not cottage.K only, but farm- 
liouaest in fact, any liwelliiig-house, uiicIit the rank of the 
mansions of the sqnire or ncjljleninn. T/ttxt Lave been often 
well de«cribed and illustrated in works easily accesstlile to all ; 
but the cottages and farnvliouses left u;* by our lore lathers in 
pant ages Lave not reeeived the att^?ntion wkieli I think they 
deserve. I eannut but think that it would be well worth the 
while for some one really capable to undertake this subject and 
work it out ; to illustrate tbe principle of desti^u whirb luese old 
liouaea exhibit ; to endeavour to classify tliem a** to dat^ ; and 
to publish careful illuHtratiuns of good examples, I have not 
the knowledge or skill for anything of the Hort, and otdy venture 
to skim the surface of the 'subject, and direct the attention of 
some abler Land towards it. 

I do not allude now in any way to tbe (froHud plan of these 
old iKuncst cads— their arrangement of ff huh."*— their appliances 
for the comfort and decency of their inhabitants at the tiuie of 
their erection — or their capabilities for meeting the necessities 
of our inodern life ; I speak simply of their external form and 
design. 

^or is it inipossible to deny that this ix generally one full of 
beauty througout tbe whole of our comdry. Our jxiets have 
Sling the beauty and quiet of our English Cottages, Travellers 
from other hinds speak of them with unvarying arlniiratiou. 
Painters love to represent their piciuretique gables, and 
tfhadowiiig eaves, and latticed windows, and broad chtmneya. 
It is some few features of this beauty we woidd wish to point 
cut* 

Aiid first, I would bid you remark how entirely they are 
designed to harmoniso with their particular sites, and 'Viitn the 
prevailing featurea of our quiet English landscape. This implies 



in their buUders a perception of artistic propriety and fitnns 
which is now little understood, and selaom attained, by our | 
mmlem architects, even in great works. How otlen in these i 
days do we see a building, placed in a city, crowded up in i 
narrow streets, yet framed on a design requiring it to bf seen 
from a distance, and fittx'd for some commaodinj no-It I. lu in fli« ^ 
country- On the other hand we have buddiji lulei 

of the new museum of Oxford* fitted for the • i ■ of | 

street, standing isolated and alone. Kow, this fact uf aftpor- 
tioning the character of a design not only to the obiect of tho i 
the building, but to the nature of \U Mte; to maitc it thug J 
appear to belong to the landsca|>e around it ; to gn.iw out of ill 
instead of bein^ an eitraneous thing, put down, m it were, liap- \ 
haaard. where it is ; this, I say, is a mark of subtile and tnie 
artistic feeling. It was possessed in an eminent degTe«> by tho \ 
budders of old time ; it is seen in their greatest works. The < 
house of the noble in the city was a different type from that of 1 
bis mansion in the country. Their churches varied according I 
to the nature of the scenery around them and the materials ta I 
be used. Some had spires, some towers, — the towers them- J 
selves varying in form and size, and yi^t all so exactly suited to J 
their several situations that, to a practised eye and cultivated j 
taste, no small portion of effect could be lost when lUiT two i 
diflorent types tnterchansjed in site. A Pembrokeshire church, i 
with its severe and simple pjramidal tower, would be uut of J 
plaee in the wooded or cultivated plains of Essex. An elabi>rate i 
tower like that under whose shadow we are sitting, or one of J 
beautiful brickwork like that we shall see at Hc<iingbani. wouldf 
lose half its beauty among the wild tiills and rugged valleys off 
the west. Now just this very principle which the old tuvhiteetil 
adopted in these their great works, they successfully imparted] 
.even to their smallest. AM that we have said of mansions and 
churches applies equally to their cottages and farms. To a 
mediaival builder nothing was to small for care. The aame air 
of grace and fitness tliat marked the mansion of the aquire or 
the noble was thrown round the humbler dwelling of the fanner 
or the peasant. If one IcKiked grand and noble^ with its widif \ 
sweep of lawu and far reaching avenues, the other equally 
became its knot of shadowing ebns, and its little gJirden by the 
village green. The one as well as the other was lilted for its 
special site, and seemed eouaLly a part and parcel of the general 
landscape around. In Hercfcirdshire we nave the homesteads 
formed with the black beams, showing oftentimes in beautifi ' 
and varied patterns through the white plaster between. ] 
Gloucestershire tbe rich yellow stone* with stone multioua and 
oiioins. and roof of slabs, ^y^} an air of solidity and comfort, 
mting the rich gardens and orchartU; in which they stand. Ill 
Wales the grey cottages, low and nestling in some hollow of th«[ 
hills, give an air of shelter from the wild winds of the mountain j^ 
all tb*'se, fit and beautiful in their several positions, wo feeL 
would be out of place in Essex, where the long stretch of roof|j 
varied by projecting gables, and covered with thatch or tile, thil 
white walls, with their guaint varieties of pargetting, seem at oneal 
the natural out-growtt. of our quiet, undidating cx>untj, and] 
lend to it one of its greatest charms. 

I know, indeed, it may be said that all this is purely aod- 
dental — that this gnice and fitness result siniply of ihem*^*"'^" 
from the accident of material, or what not. But the objc 
is a shallow one. Things do not grow of themselves into i 
of beauty. To make them do so requires knowledge, 
thought, and skill. Nay, the objection itself only prov^eti 
more" what we are stating, for it is the verjr height of art 1 
conceal itself, and appear actually what it is not — ^the men 
natund outgrowth of utility, of necessity, of material. 

Take another view of these homesteads of our countiy, 
observe the fitness with which their mere outward form ex^^ 
presses the kind of life for which they are constructed^ Ther 
IS thrown around them an air of quiet, calm repjse — they seeml 
to breathe an atmosphere of simpbcity and content* liarmonistng 
complete ty with the qiiiet, unambitious tenor of a country Ufe^J 
Those, indeed, who ikn<>w the coimtry best, know that thin 
appearance is but t^>o fallacious — that amid those quiet siH^ne«| 
breathe the same wild human passions ; there are yet the saw* 
troubles, miseries, th(> same wayward errors and sins, that besel 
life everywhere. Yet, as we look upon some ^untry villogr* 
we feel the thought of aU this runs counter to the outwanl j* 
of things, and this very feeling of incongruity shows how i 
a hold upon our mind have the ideas ot poac<» and repa» 
the old bmlders have impressed upon their buildings^ 
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Tet a third matter to wliich I would call your attention in 
ihi^6 old domestic buildings is their infinite variety. The type, 
iade^d* is the ^mne \ then> is always the high-pitched rfn^f. tlie 
wooden-framed or muUioned windows, the genial stack of brick 
chimDcys* suggesting the warm ingle withiD. But at the &amo 
time there is an almoat endless variety. Sometinie.s the roof ia 
unbroken from end to end, sometimes a central gable breaks its 
line, sometimes there is a gable at one end of the tront, some* 
times at both* Wlion several houses are placed in a row, under 
one roof, the windows are sometimes dormers, sometimes carried 
up from the wall in small gables, grouping beautifully with the 
larger gables which in such c&aen usually flank on one end or 
the other ; sometimes the upper story projects over the lower, 
throwing at once a dark mass of shadow, which adds greatly to 
beauty. The walls, as I have already aaid, though often simply 
rough cast, yet trequeiitly present a greater nimiber of patterns 
in pargetting* quaint anti simple, and euiiiiently constructive in 
design. All these and other matteria we might meation, alono 
or in combinationi produce inlinite change and variety of form, 
and this alone is enough to claim for tliem a high artistic 
excellence. Sameness of type with individual variety is the law 
of nature's worka ; it regulates the growth of the trees of the 
forest, and the leaves of each individual tree ; it marks no less 
these old cottages and homest:eads of our native county. 

This, then, is a high artistic feature — it is more, it is a great 
moTul influence. It tends to gather tlie affections of the in- 
dwcllera of these houses around thorn, to separate them frc>m 
cihers, to intensify the idea expressed by our aweet Enghsh 
word 2Iome. 

Contrast these ancient houses witli those winch we erect to- 
day- Take an ordinary modern cottape, four square brick wqIIm, 
a aoor at one side and a window at the other, and two windows 
above, a sJate roof, low in pitch, with no eaves ; it is a di^sifiht — 
a blot upon the Uindscape around it. It ia impossible to lovo 
a base mean thing like that. Or take a modem row of cottages — 
each one exactly like the others — each a repetition of the type I 
liBTe distressed you by describing : without a single thing to 
distinguish it from its neighbours but the number of the door ; 
how can anv affectionate associations gather round such a 
dwelling as tniiJ ? It seems almost a lyrofaimtion to apply to it 
the sacnnl name of home. There ia certainly notliiog in it to 
attract, and everything to repeh But being constituted as wo 
are, with body a« well aa apint, susceptible aa ia our miture» and 
especially in its uneducated state, to external inHueuces. it ih, 
to say the least, wmcise to render our homes outwardly unlovely 
and repelling. Our fathers acted wixeitf as well as tastefully 
when they soufjht to render a tuan's house itself attractive, to 
give it an indii^dual peculiarity distinct from any olher, and to 
make it outwardly a fitting type of those fair and gentle 
iuLflnenees which should dwell \ikntiiin. 

Such are a few of the artistic features of an old homestead^ — 
it is a poor and meagre out hue; but it may ^ot\%\ I think, at 
le»st to call attention to them, and gain lor them an iotercat 
which they well merits and which they but seldom excite. The 
more y€iu really IcM^k at thcin the more you will be struck with 
their picturesque beauty. They are, moreover, Yerj precious a« 
memorials of the past of our people^ still existing among ns, and 
which if once lost could never be replaced. 

And it is a fact that they art*, slowly indeed, but surely, fading 
away from u«. Tlie mere process of incntuble decay must rob 
us of them in time, and of the nldest and of the best first ; but 
besides this every year, in every village, one and another of 
Uiem is faUinp often before the march of what is eallc^d im- 
proTcment; either nltogcther pulled dowii to make rcH»ni for 
9ome vulgar, tasteless erection, deQci(*nt in every point in which 
they exceed, or else mutdated or added to* and aQ their native 
beau^ destroyt'd. ^ow, surely it is to be InmeBted tliat these 
huildingi^ should pass away without some record and memorial. 
If the things tliemselves must cease from among na, surely at 
leaflt, their /orw?-f may be preserved. Now this is the real objc^'t 
I have had in choosing the subject of this paper. I would 
Tenture to press ufmn you the importance and interest of 
securing some memorial of these old buddings. In every neigh- 
bourhood there in some j>ne or other who has the power of 
miLking some sort of sketcii, however rough. Will it not, then^ 
be well to keep an eye upon theim old buildings F whenever a 
house or cottage is to be puUed down, or imprtived, as the term 
ia, let iiome one or other make it his business to take a sketch of 
it from ono or two different points of view ; a simple outline 



would bo enough, ju8t catching its leading features, the dis- 
tribution of ita shape, and the arrangements of ita parta. Nay, 
more — there are many of you iu these days who ^vv^ p%otographvT9* 
I can conceive nothing more interesting than that some one who 
posaessea tliis valuable art should go round his o^Ti particular 
neighbourhood and take photograjjlis of the best and most 
picturesqne of these ancient homesteads. A collection of such 
photographs would have an interest and value almost impossible 
to over-estimate. They would fonn at once interestmg me- 
morials of the past, and be precious guides to our architects for 
tho buildings of the future. We are never likely to have a type 
of building so fitted for our climate and our sVcnery a^ these, 
and it is surely j>08sib!e to combine with the increased comforts 
and greater reouirements of modern life these time-honoured 
forma which add so much of beauty to the hills and plaiun of 
our native land. 



THE FESTINIOG RAILWAY. 

[Concluded from pag« 224.) 

Mr» Pihl addod that, last summer, Mr. Charles D. Fox Inspected the 
narrow gauge lines in X or way. All Ibe details , with the tmginefl and 
rolling stock, were unrcaervedly placed at hit dieposal ; and on leaving he 
wrote — "With reference to the interesting qucation of the 3 feet 6 inch 
gauge^^ aball return convinced of tbo thorough efficiency of eueh a gauge 
for the purpose of a new country, and of the wisdom of adopting such a 
guage whore tho traffic ia not very heavy,'* 

Mr. Phippa inquired, whether the economy of thea«) narrow gnuga linea 
did not coniiat obiefly in \hQ diminished coat of construction, rathur than 
in working tho tratBo of tbo line? In hiii opinion, the cost of haulage 
per ton oould not ditfer much, whatever the gauge migbt be ; but as re- 
garded the conatructiou of the line, it would, of c^iireef be leaa for tbo 
narrow way. Those narnjw waya were obviously suited for moaatoinoua 
dtatrioti, where the curves being necessarily iharp and frequent, ithecamo 
important to reducei as much as poftsibie, the friction arising from wheels 
keyed fast upon the axle^i which was obviously done by dimidhing tha 
width of gauge* On tolerably level ^ound, with the ordinary altemations 
of cutting and embankment, where the slopes formed ao largo a proportion 
of Lbo whole earthwork, the saving from narrowing tho gauge would pro- 
bably not be conaiderablo. 

Mr. Brui" replied that^ though conaiderablo economy ia the earthwork! 
arose by adopting sharp and reverse curves on the Norwegian linear the 
bridges and viaducts were extremely heavy, ao much bo, as to have 
astonished him when he was informed of the prices at which the lines had 
been carried out. No doubt, the economy of construction was greater 
than if a heavier roUing slock and permanent way had been employed 
tliroughout. 

Mr, Gregory, V.P., remarked that, with tho narrow gauge, a shorter 
wheel baae of the engiuca could bo adopted, which gave greater ease in 
traveraing sharp curves. 

Mr. Robert Mallet said, as yet no mention had been made of another 
narrow gauge line, which had been q long time in suecesBful op<jratioD, 
viz , that between Antwerji and Ghent, the leraugo of which, he believed 
was only 2 feet 3 iBchea* lie could not give the precipe parti|5Ular» of 
the rolling stock, btit could atute generally, that the (rarriagcs were 
wider than those on the Festiniog liailwa?, and they carried heavier loads. 

The subjeijt of narrow gauge lines waa not new to him. About eleven 
years ago be recognised the advantages, in respect of cheap railways and 
traffic, which would arise irom naiTow gauge linea ; and in 1855, he bad 
proposed to Mr, Hemansa line along the north shore of the Otiy of Dublin 
to have a gauge of only 2 feet 6 indhes. That project, for reasons it was 
not necessary then to go into, was not carried out i a bill, however, was 
presented in tho present losaiou of Parlionieut for a similar lino, and be 
hoped it might be made on the narrow gauge. In viewing the queatiou 
of narrow gauge and ordinary gauge railways, it was necessary to con- 
sider, what be might call the prudential cousidenitionB, thoae that related 
to the circumatanooa of Iraflic, &c», separately from those wbich were of 
a jiuroly physical character. Me met in Sicily last year Colonel Yule, 
late o! the iJengal Engineers, and he bad bad many opportunities of dis- 
cussing with him what had passed relative to Indian tramways, or branch 
railways. Colonel Yule'a opinion was decidedly in favour of narrow 
gauges, and he Gonsidered that in India it was simply a queaiioD between 
the bulioek-cart, or these narrow-gauge lines, as feeders to the trunk 
lines llcvcrting now to tho purely physical oonsiderations, it appeared 
to him, as a physical necessity that, not only the original cost of two 
similar lines differing in gauge, but also the cost of working them, would 
approjich tho ratio of tho cube of the length of axle, or what was the same, 
of the breadth of gauge, A little consideration would show that, however 
startling, thia proposition, without having any pretentions to be amatho- 
mntical truth, was nevertheless approximately true. As an illustration 
of this — if the axle of a carriage, as a eylindncal shaf^, expoacil to crxiaa 
airains, were taken^ it would not admit of diaputc, that for equal strength, 
on different gauges, the diameter must vary as the cube of tho length, or 
of the gauge; therefore the weight of the a^d would bo in that ratio. 
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and 90 mast be that of the wheds to tvarry them. Them u to the oftrmge«» 
M it waa equaUy undeniable that the weigh U of any similar afcruotures 
whatever, vaned as tlie cubes of their homologous dimenaioiUr flo Ihe 
weight of the carriagea would be as the cubes of tbo gauge, if the oairiaget 
were of equal lateral strength : and the axles and wheels must be pmpor* 
tionatG to carry this load. In a word, all the rolling stock would be in- 
freased in something like the ratio of the cube of the gauge. If thia were 
sOf it followed, that the |>erxnaoent way itself must be increased in a pro- 

Ertlonate ratio to bear that load; and if it were truc^ that the cost of 
ttlage was a function of the weight drawn, it equally followed, that the 
rolling expenses, or those for working the line of road, would be about 
in proportiofL to this Increased weight of rolling stock also. He wished 
to guard against being mistaken as now speaking mathematioallyi 
or as using the cube as a procisa expression of the relation ; his intentioti 
WAS merely to illustrate the proposition which he deemed generally true 
•^that not only the fi^rst cost of construction, but also the expense of 
working railways, increased with the width of the gauge, but in a greatly 
higher ratio, or in other words, that in proportion as the gauge was re- 
duced, both tlie first coat and the working expenses would be dinunishofl. 
There were some special physical adTant^es in narrowing the gauge ; 
for example, engines, or carnages could go round a sharp curre moro 
easily with a 2«feet gauge than with a 7-feet gauge : this fact had had 
some doubt thrown on it, but its truth was obvious, from the consideration 
that if the two rails could be brought dose together, or iQto one^ there 
would be no longer any resistance at all in going round, due to the outer 
and inner wheels having to go oyer different lengths of curve in equal 
times. 

Mr, Sarin said, he had not at first imagined that a line of so narrow a 
guage as the Festiniog Railway codld bo worked successfully with loco- 
tnotivej i but ho had travelled on that line both with locomotives and in 
the boat carriage, and he thought it a great success, both in regard to its 
adaptation to the circumstances of the localitv, and in its commercial 
resolts He agreed that the gauge of railways in anyone country should 
he unifonn, as far as through systems of working were concerned; but, 
having had some experience in Wales, he thought it impractioable to 
carry out the broad gauge in that country. He had seen various gauges 
in operation, from 2 feet up to 3 feet 6 inches; his own feeling was in 
favour of 2 ft'tit 3 inches or 2 feet 6 inches, where the valleys wore 
t^rooked and steep sided. In thia way many physical difficulties might 
be avoided, by the adoption of curves of shorter radius ; a 2-feet gtiuge 
line might bo fitted to the contours of the hill sides, in such a manner as 
to reduce the cost of railway communication to a minimum. A line 
16 miles long, for which be had given £20,000, was laiefon the gauge of 
2 feet 3 inches, and that line had been extended into a district simikr to 
that which the Festiniog Bsdlway passed through. There would have 
been very little chance of carrying a bill for a railway on a gauge of 
4 feet 8i inches in that district, and the result would have been, that, 
hut for this class of railway, the present development of the mineral re- 
I aourcea of those valleys would not have been attained; and it was 
i especially with reference to districts such as this, that the subject wa« 
worthy of the fullest consid**ratit)n on tho part of ent;ineera. 

Mr, G. P. Bidder — Past President— said he had listened to the paper 
with great interest. It was an evidence that the Author, as a govern- 
ment official, had a view to the commercial results of railways. This 
system was not propounded as a measure of economy, in otbttr respoots 
r than that there were oases in which the economy of constructing tho 
[marrow gauge should be considered, where it could be introduced^ for the 
7 lake of the curves and gradients, in districts wher^j the broader gauge 
^ could not be introduced. That was the only ground on which this quos- 
ktion oould be fairlv considered; but the Author did not pretend that a 
^narrow gauge could be worked more cheaply than a broad gnuj^e. The 
■rgoments adduced in favour of the economy of working the narrow 
gauge, if followed out» would lead to the conolusion — that if there were 
no gauge at all, a railway could be worked for nothing. The qiiestiun 
was, not the cost of moving a carriage, but at what cost a ton of minerals, 
\ or coals, or a humlred passengers could be moved. As a matter of prac- 
tice, a ton of minerals, or a hundred passengers, could not bo moved on 
tt narrow gauge more cheaply than on a broad gauge. That it was so in 
this case was shown in the fi-urea given in the paper ; for, although the 
Bubatitution of steam traction in place of horses was undoubterlly a proper 
thing to do, yet he did not understand the Author as propounding tio 
question of these narrow gauge railways to show that the cost of work- 
ing, ton for ton, and passenger f^r paasenger, was any cheaper than 
working on a broader gauge; the Author said distinctly, he did not 
propose this narrow ^ugc, except in isolaled places — as in the instance 
given between Festiniog and Portmndoc, where the railway took the 
oiates from the miarries to the ships, and had no connection with any 
I other railway. But a break of gauge, whether in India, or elscwhore, 
woa an avowed evil and could only bo reconciled by the advantages of 
eoooomy of construction, as compared with the coat and in convenience of 
tnuo-thipment. As to these railways, he had no doubt for short 
hrtnobeo, or extensions, or even fur village lines, it might be useful to 
introduce them. But in this country there were what were called 'the 
'^Standing Ordcra of Parliament," which interfered very much with 
*wcb linos. Engineers were allowed to deviate 6 feet vertically in open 
m^tmtry, ^od were FeitricUd to 2 feet in tovna. Anything more absurd 



than that, it was impossible to oonceive. In the neighbofirhood of 
I^ndon, where the country was flat, a limit of & feet might be enitabie; 
but in districts where the inclination of the surface of the gnwnd wis 
1 in 5, or 1 in 6, the 100 yards of lateral deviation might ahaoge iht 
work from cutting to embankment ; and the 5 feet might requirs to b« 
20 feet, or 30 feet. Parlinment said ** A railway shall not cross a public 
highway in this country if it interfered with its level, excepting it be 
made with a gradient of I in 20 for a parish road, and 1 in 30 far a 
turnpike road ; nor shall it cross a road on the level, without p«r^ 
mission,*' Of course, these were questions of local ctrcnmatances : 1 in 
20 might be a proper gradient for London ; but there were districts 
where the normal gradients were I in 7, or 1 in 10, and where the traffia 
might amount to three vehicles, or four vehicles per day. No attention, 
was, however, paid to that fact, nor were reasons listened to— hut a 
gradient of I in 20 was insisted on. He had hod to say, on one OQca« 
sion, in committee, that if such conditions were to be abided by 
could not prove the preamble, for the gradient of the valley 1 in 1! 
I in 20 would go quite across the valley. But what he propoai 
spend £500 in improving the road on the other side of tho railwsi|p 
lading to the nearest viUage, and then the bill was pasaed. 

With regard to hrvel crosaingB, he feared he had been a great offiender, 
for on one line be hod oa many as thirty-eight level orotsinga on as 
many miles of railway. But now the rule was, that there ahodjid he no 
level crossings. In consequence of this, where the Grest Hanffin 
Railway craeaed a country road at its apex, at a most oonvevtioitt plaes 
for a station, especially for minerals, the engineer wa« oomipeUad to 
avoid making a level crossing, though it was near the higheat point of 
the country, and to raise that rood lo feet or 16 £oet, at a cost he behevtd 
of jf 7,000 or .£^,000. The Company could not have a station there, the 
opening of the line was delayed for several months, and the thing waa a 
nuisance to the neighbourhood. 

He offered these remarks, because this paper showed, that the Author^! 
mind was directed to commercial results, tie said in effect ** where the 
broad gauge is inappropriate have a narrow gauge/* He agreed with 
him ; but the question of commercial consideration entered aa much into 
broad as into the narrow gauge railways, and regard must be had to tha 
local circumstances where each gauge might be applied. 

^Ir. E. Woods thought it was evident, from the obaorvations wfaioh 
had been made, that no one system could be laid down, nor waj cM 
gauge be fited upon, as applicable to all conditions of locality, traffic^ 
&o., but tliat each district must be treated according to its circumi^uiceBL 
With regard to tho Indian gauge of 5 feet 6 inches, he oould quite aodor^ 
stand, it was most desirable to construct branch lines on the aame gaoc* 
as the main lines, and in a flat country like India the diff«renoe of eoatas 
between a gauge of 6 feet 6 inehos and a narrower gauge would not ba 
great, the principal item being in the additional length of the oroas- 
sleepers. The rails might be lighter tfian those of the main line» aad tba 
engines for working tho branches made light in pro^rtion. SU 
ago he had to construct a railway in Chili, 27 miles in length,^! 
line was situated in the lower range of the Andes, where the 
were necessarily severe and the curves sharp. Here cunrea of 
radius in combination with gradients varying 1 in 20 to 1 in 30, 
constantly occurred^ It was said, by the engineers of the oountry, 
it would be tmponaible to work that line with locomotives, andocoordi 
it was laid out for muk traffic, and it waa worked by mole power 
eighteen months. But owing to the seasons, of drought and otnei' oai 
the expenses of working wero so high, that a decision was oojiia to hf 
the Directors, to work iho line by locomotive power. He waa caUei 
upon to design the engines, and in his design he limited the wieight oa 
the driving wheels to 7 J tons, but tho difficulty was to gat anffiaieflt 
adhesion to take tho loads up the severo inclines of 1 in 20 for 7 mEei, 
and of 1 in 30 for 12 miles. That difficulty was overcome by puliiiig 
6 driving wheels to the engines, and placing the front end on a bo^ 
truck. The rails, of 42lb«. to the yard, had stood ejuseedingly weU^ sM 
up to thia time were in good working order, for though ^e ngUMt 
weighed 30 Ions, tho weight, being distributed over ao many- whael^ 
had pro duced no aensibi e ioj ury to the rails. The ordinary worfaxig opaid 
on the mclines was about 12 miles per hour. 

From the experience of the working of that line, it waa oridcnt that 
railways of light and inexpeusive coiistruction might he adTantafaoosly 
worked, if due regard were paid to the adaptation of suitable roJlii^ 
stock. 

Mr. W. Bridges Adams said, in dealing with the question of light tail- 
ways, there were two aspects from which to regard them— the conunfidal 
and mechanical. Tho latter might bo a toy, but the former muat haft 
reference to utility. Tho object being to transport materiali and sen, 
there must be sufficient volume in the carriages to hold them oonvaniefitly. 
Now, it was not convenient to have the dimensions so reduced aa to tcaier 
it necessary to strap the passengers to the seats to prevent oversettiBf. 
It was quite true, that the narrower the gaitga the shorter mi^ht lue th« 
distance between the axles, if rigidly paraUef. ao as to faoUita&a^asaaf 
round sharp curves ; but. on tho other hand, the longer the Tahailt Ibt 
steadier would it run, and the rigid structurea whion formarly wmiti 
straight lines of way, or very flat curves might now oeaae to ba rigi4 ^ 
provision being made for the* axles to radiate on currea, and potat tnlf^ 
the centres of those carves. By this arrangement^ and hj 1^ «» ^ 
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Bpring Urea, permitting the whoels to slip within the tires, it was now 
praettcable for carriages, or englnea, with extreme wheels 25 feet uparti 
to roll without rail friction round curvet of 2 chaing radius, and this 
frntt rendered the width of giiug« whether 2 feet or 7 feet, a matter of 
iiidiSt^renoe as regarded currea. On the Norwegian line of 3 feet 6 inches 
gaagp^ enpnei of that clas? were now working. 

In considering the oort of gauge, the eaving could not be in the mils, 
but only in the lenjrth of the sleepers, and the quantity of halnsl, bridges, 
&o. The axles might be shorter, and mflterial raif^ht be saved in length 
of cross fraroinga, but it did not follow that this was economicaL With 
A given load, there was a certain space rtfiuired to stow it, and there was 
a certain proportion of length to breadth of train which gave the best re- 
sult* in traction. A long narrow train was disadvantngeous and espemally 
ao on Tcry sharp curves. The proportion of the width of rail gauge to 
the width of the carriagea was another consideration. Aa a mccbaoioal 
rule, the narriage bodies might he safely made double the width of the 
gauge. Beyond that width tberc wowld be a tendency to unsteadinesi, 
A 2 -fret gauge, by that rule» would only admit a carriage 4 feet wide, 
and that, even with pos&engtTS baik to back, was very cramped. Again, 
with pasiengers so placed, 3 feet in length of the carriages would only 
carry four passengers. While seated fore and aft, eight passengers could 
ba carried in a 4 -feet length of carriage, with a 3 feet gauge of rails, %,«., 
one-fourth increase in length of train would doublo the mimber of pas- 
sengers, or volume of goods. 

With a 2- feet gauge and wheels 2 feet in diameter the boiler and fram- 
ings should be carried above the wheels altogether. With a gauge of 3 
feet 6 inches, the boiler might bo bi'tween the wheels ; and engine- wheels 
of only 2 feet in diameter seriously damag^ed the raiU if heavily loaded. 
If of larger diameter, better adhtsion might be attained. The worst 
gradient on the Festiniog line nppi*ared to be 1 to 60, but with heavier 
gradients heavier engines would be needed, and there was now no dilBculty 
in ocnutmcting engines with eight drivers to roll round curves of 2 chains 
<m any gauge. The very important feature in the engine described was 
tli« great pressure of stuam — 200 lbs. to the inch. 

There was no doubt that narrow gauges mi^ht he made at l&m cost 
than wide ones, hut it was doubtful if any material saving could be made 
by zedncing a 3-feet gauge to a 2-feet gauge, when it was considered, that 
the upper structures of the train must he provided with sufficient space 
lor convenience. 

There was one reason why it was desirable to make branch lines of a 
narrower gauge than main lines when the traffic was lijtbt, vijff., to pre- 
vent heavy engines and vehicles from running on anfi de?lroying them. 
But in the coal traffic it was desirable, and poiuible to employ wagons 
of the greatest capacity and length, capable of running round the sharpest 
poflstble curves and up to the pit's mouth, and i^ this case it was better to 
nafp no break of gauge. On a gauge of 4 feet Sf inches, it was quite 
practicable to uj»e S wheel wagons, 40 feet long, by 9 feot wide, with an 
internal capacity of 1,600 oubic feet, 

Mr. Gregory, V.P., aaid, he was prepared to recognL^e the propriety of 
the meoauna adopted on the Festiniog railway, under circumstances 
which, he thought, were special and peculiar; hut the Institution and 
the profession would be bold if they attempted, on the data nuw b<;foro 
tbcm, to adopt, as had been suggested, the idea of a supplementary narrow 
gauge for all small branch lines. He believed that the advantage of such 
a gauge was limited to local conditions, such as those dcscnbed io tlio 
paper. There was an old line having branches into several slate workings, 
and on account of the gauge already existing in those workings, and the 
character of the works and the curves of the Festiniog railway itself, it 
wotild have been exceedingly difficult to adopt the ordinary gauge, thire- 
fore the managers had endeavoured to make the most they could of an 
^lisceptionally narrow gauge, by converting the main line into a line for 
■ff»Deral goods and passengers. They also did well to introduce locomotive 
power on the line ^ but all who heard the paper must feel that tliis was 
dooe under difficulties. He must record his protest against the theory, 
diat the cost of the working expenses of railways was in prapurtion to the 
€abea of their width of gauge. The quantity of goods, or the number of 
passengers to be carried, was an essential element in such a queaticm, and 
he thought that it might with as much corrtetness he affirmed that 
Hessrs. Pickford could carry on their busiJiess more cheaply in coster- 
mongers* carts than in their usual vans. This illustration would show 
that such a theory could not be practically supported. lie was sure 
while Mr. England had got work out of on engine, under difficult eir- 
eumitances, with an eLXoepdonally narrow base, that gentleman would state 
that be could obtain greater power, and more economy for a largo amount 
of work, if he had a wider hose to work upon. 

In considering the circumstances under which an exceptionally narrow 
gauge might be adopted, it became necessary to investigate its supposed 
adTantagei^. Setting aside the idea of any saving in working, when there 
waa anything beyond a very limited traiBc, these advontagea appeared to 
be classed principally under two bead?, viz., firstly, a saving in cost of 
oonitruction, and secondly, the easier uso of sharp curves. 

What had been done on the Festiniog Railway to make the most of it« 
capabilities did not point to much saving in first cost; indeed it seemed, 
as had been remarked, that the saving would extend to little beyond 
■leeperv and ballast. It was pointed out in the paper, that to make the 
i of the wagon and otrnoge room, the roUing stock overhang so far 



that a width of 4 feet 6 inches was required between the rail and any 
bridge piers, and a 7 feet space between any two lines of rail ; the result 
would be the neceasit? for a minimum structure width for a single line, 
of 11 feet, as compared with 12 feet 8 inches on the ordinary gauge, and 
friT a double line a width of 20 teet, as compared with 23 feet S inchet 
iu tile ordinary gauge of 4 feet 8A inches. Such a difference would pro- 
duce to small a aaving in iho cost of the works, as not to compenimtH for 
the disadTintagw of having a very narrow wheel baj>e, which would limit 
the power of the oiigine, and in the event of the derangement of the per- 
manent way, would cause such unsteadiness in running, that the speed 
common on ordinary railways would be dangerous. 

With regard to curves, the friction arising from the different length of 
the arcs of tbo outer and inner rails was greater on a broad gauge than on 
a narrow gauge, and as rrdlingMock was at present generally constructed 
with rigidly parallel axles, the mo^it obvious advantage of an exceptioDally 
narrow gauge was the smaller radius of curves that might be adopted. 
But, he thought, modem improvements were going far to overcome the 
difficulties of sharpe curves, and be nreogniitcd the great value of such 
inventione as Mr. Adams' radial axles, by the application of which to 
the ordinary engines and rolling stock of Iho country, traina might run 
round sharp curves on the ordinary gauge as freely as on a narrower 
one. 

As these two supposed advantages seemed likely to disappear, he 
therefore concluded, that seeing the loss which took place by the 
uneconomical application of the power of the engine, the fact that the 
ordinary gauge aii mi tied ef roUinf^ slock, which would bear a smaller 
proportion of dood weight to the weight carried, and laj^t but not least 
the evils of a break of gauge, it might bo ooncludeil, that if there was to 
be an exceptionally narrow gauge in this country, it could only be 
advantageously applied to exceptional cases. 

Mr. T. E. Harrison said, he entirely agreed, that it would be absurd 
to say, because this narrow gauge hod been succesful in its application 
in a partioular state of things, therefore it was applicable generally. The 
particular case where it waa applied was one in which the main traffic of 
the line was in slates, and the trucks were taken to where the slate was 
quarried^ and whore no large wagon could go. The slate waa unavoidably 
brought down inelined planes in narrow wagons i and if the gauge of the 
main line had htacn broad, must have been reloaded into broad gauge 
wagons. At Portmadoo the slates would have to bo agaip transferred 
from the wagons to the ships alongside the quays : this narrow gauge 
was therefore the best means of conveying them to the port of 
shipment As to the mode aduptod for the conveyance of passengers, 
no doubt it wasingenioua, and people travelled on the line with a good 
deal of comfort ; but the wtfrks were so narrow ^ that when the train waa 
standing still in a cutting, a pasaenger could hardly make his way past 
the edges of the carriages. That was not a railway which could bo 
taken as a sample of what was desirable. It was a clever adaptation of 
a state of things which previously existed, and which had been designed 
with a different object, and as far as it went, it was exceedingly good ; 
but to supptise that the principle upon which it was constructed was to 
bo applied to an unlimited extent where railways of the ordinary gauge 
existed, was a total fallacy. It was possible that there were exceptional 
parts of the country whore surh a system might be adopted ; but at the 
present moment such an instance did not occur to hi a mind. He knew 
there waa an intention to employ the narrow gauge in other slate-quarries; 
but those were particular cases^ and be thought, if the Inatitution gave 
ita sanction, in any shspe or way, to the extensioa of the system to 
general traffic, it would be leading the public in a wrong direction. 

Mr. Alfred Giles retsjarkuHl, that it was some years since the battle of 
the gauges was foujiht, and hi* had scarcply expected a fresh campaign 
to bo opened in this Institution in favour of a 2-foot gauge. The 
7-feet gauge waa known to be too wide. Mr, flemans hod observed 
that the Irish gauge of 5 feet 3 inches was wider than was necessaty, 
and Sir Charles Fox bad said, that if he had had bis own way in India, 
he should have preferred to have laid the branch linea on the national 
gauge of this country instead of on the gauge of 3 feet 6 inches. This 
proved, that the old gauge was not fur from the light thing. The 
advantages claimed for the narrow gauge were, first, great facility in 
traversing sharp curves; secondly, economy in construction; and 
thirdly, the use of lighter rolling stock. The first two pointa had already 
been dii^poaed of. lie romembered seeing in Paris, some years ago, a 
little railway with a gauge of 4 feet 85f inchiS running in a circle, the 
radius of which, he believed, was only 25 metres, lie had sisen trains 
run round that line with great facility ; and if that were so, where was 
the necessity for making a 2<feet gauge to save a little in the radius of 
the curve ? It wia stated that the least curve on the Festiniog line had 
a radius of 2 chains, or about 40 metres. As to first cost, it had been 
shown that the economy could result only in a little shortening of the 
sleeperw, and a little savingof ballast. This could not be put down at 
more than £300 a mile. Then as to the weight of tbo rolling stock, 
credit was claimed for the engine being only 7^ tons weight; there waa 
no reason why an engine of similar weight (plus a little extra for the 
longer axles) could not be applied to the ordinary gauge. But it had 
been assorted, that the weight of the rolling stock was increased as the 
cube of the gauge ; if that were the case, the weight of the Great 
Westoni broad-gauge engines should be 313 tons. Looking at all ibaae 
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eircnmtt(uioei« It wat dear that the n&tioQiLl gauge was ne&rlf the belt 
thai could have been cboaen. On an ordinarf road, where there wtui no 
limit aa to gauge, carriages had a width of about 4 feet 6 inches, and 
even the fmalleet cart waa wider than 2 feet ; he hoped, therefore, that 
engiaeera woaM not adopt the idea that the 2'fcet gauge waa ftn 
example to be copiEMl, when they knew, aa hud been remarked| that a 
break of gauge was a great public inconvenience. 

Mr. J. J. All port, haTing had many year«' practical experience in the 
working of railways, would olfer but one observatipn upon this very 
narrow gauge. For reasons which he would state, be was of opinion 
that it would be moat objectionable to attempt to introduce it into the 
country generally. With rcipect lo the existing broad and narrow 
gaugea, it was well known to all practical men, that (be weight of a 
train on the narrow gauge was aa great aa on tbe broad gnuge, or rmther, 
tiiat engbea could be ooastnicted to take aa great weights on the narrow 
gauge aa on the broad gauge ; and if engines were mode much heavier 
than at preaent, varioua difficulties, such as of wear and tear, would 
aria©. But there wa* one difficulty gi^ater than all : tbe principal part 
of the work of a train was at the stations, in the loading, unloading, and 
moving of trucks and carriages from one part of a station to another, 
across turn -tab lea or traversers ; and any one who had had experience 
at a station worked upon the mixed gauge, or solely upon one or other 
of the gauges, roust hare been atruck with the great additional expense 
in working the broad-gauge plant at the stations, It was not difficult 
for a couple of men to move a narrow-gauge truck or carriage to any 
part of the station ; but to shift the broad-gauge plant, horses must be 
emplo^'ed. The capacity of the goods wagons and coal trucks upon tbe 
narrow gaupo had been gradually increoaed from about the size of the 
Newcastle chaldron of 2 tons 12 cwt. up to 8 tona, 9 tons, ond 10 tons, 
fur the load ; but, hethoughT^ all narrow-gauge managers had come to 
the conclusion that, from 8 tons to 9 tons, for trucks waa the maximum 
load that should be carried on the narrow gauge, with a due regard lo 
economy and safety. If tliat weight for the load waa exceeded, ihu 
wagon itaelf had to be made so much heavier, and then the fricti'^n waa 
coniiderably increased, causing hot axles and other objectionable results, 
so that it was not uncommon to see these heavy wagons standing under 
their load, at variouB aidings and stations, and waiting to bo repaired. 
On the Midland Railway there were between 17,000 and 18,000 coal 
trucks at work; for a long time the capacity of these trucks wns 
limited to 6 tons : now the capacity had been increased to 8 tons ; but 
the Company did not approvo of greater capacity than that. Ho waa of 
opinion, that for all practical purpoi»efi the gau^c of 4 feet S\ inches was 
the beat, and auparior to either the broad, or the narrower gauge. But 
there waa another important consideration: if a very narrow gauge 
were adopted, it could only be on branches connected with main Hnee, 
That would involve, in all cases, trana-ahipnient of paasengers, goode, 
and coala, at the junotlons ; and, in itself, would cause a greater annunl 
expenae than the interest upon the increased firet cost of tbe lint' upon 
the uniform ^auge of the parent lines, huth in the purchase of land» and 
the constructiijn of rolling stock. That waa a fatal objection to the 
introduction of any gauge, other than that of the lino with which theao 
branches were oonnected. He had no doubt than in a very ft-w years 
the gauge of i Jeet 8J inchis. as being the best adapted to thocommerciiil 
wants of this country, would be the only one in use. 

Mr. Zerab Colbum said this paper raiaed the question, how small could 
a locomotive be made to give practically uspful work? In 1852 tho 
oontractor for a portion of the worka on tha Grt;at Western Railway of 
Canada employed the ateam excavator, which no doubt many prcacnt 
hid aces in former days on the Eaattrn Countiea line. For that purpose 
he proposed to lay the temporary line on the 3 feet 3 iochea gauge, and 
wagons were built to hold each 15 cwL as a load. Mr* Colburn deaignt^d 
and built a small 4-wheel tank cn^^ine for working these waguns, and aix 
other similar engines were afterwcirda built. The tank was pkced under 
the boiler between the friimes, and ns the gauge waa so narroW) the firo- 
boi was placed behind the driving wheels, and to correct the overhanging 
weight the tank waa carried as far forward as possible. These eiigmt-a 
weighed 6 tons only, with fuel and water, and could bo easily lukt n 
apart, for carnage over common roada, into tijree principal poitmna, uf 
which the heaviest weighed hardly more tlian 2 tons. Tbe cylinders 
were 9 inches in diamtter, witli a length of stroke of 16 inches ; and the 
wheels, of 3 fuot diameter, were placed 4 feet 6 inohea apart from the 
centres. The engiuea worked well, although of course only at mi>deralo 
ap«edt. 

Mr, Jamea Brunleca knew the Festiniog railway well, and though he 
did not question the auceeas of working looomoliveaon so narrow a gauge 
mechanicaliy; he much doubl#jd ita success commercially. On tbe oth»T 
hand, he believed that, boyond a certain limit, tJio wider the gauge, the 
le«a would bo the dividends: he looked upon that as an cstabHshod 
fact. Somo years ago he conatrueted a narrow gauge line from Port- 
madoe to Gorsedda, the length of which waa 8 miles, and the gauge 3 
feet : tho total rise in the 8 miles was 900 feet, and the cost pur mile, 
including land, was £2,000': the sharpest curve had a radius of 400 feet 
and the down loads were worked entirely by gravitation ; but passengers 
were not carried on tbe line ; and altliough he had advised this lint* ti be 
made on a narrow gauge, he was not prepared to recommend iU further 
adoption, unless for exceptional purposes, or for purposes similar to tbe 
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one in question. The want of uniformity of gauge waa a gre«t dnwbadk 
to traffic in many parte of this country, and hence any depvtort from 
the ordinary g^uge would perpetuate and augment that drawback, 

Mr. Oalbraith auid, there was one principle involved in the paper 
which had been lost sight of in tbe queatioit of the g^augca ; that wii^ 
waa there no room in this country, partlculAry in the agisoulltiial 
districLs, for cheaply constructed railways on the gatige of 4 f6ei 8| 
inches } He thought there was. There ware m&ny caaoa whcav, by 
adopting sharp curvca and a light permanent way, with light engiinct 
and level croaaioga at public roada, a railway might be laid down fat 
£4,000 or £5,000 per mile, which would pay a fair dividend upon the 
outlay ; and he hoped it would be impreased upon the membera oC tha 
Board of Trade, that in respect of branch lines, on which the traffic waa 
light, they ought to relax the stringent requirements with respect to 
expensive permanent way, and costly works to avoid level croadoo. 
Ho hod been engaged in laying out a line in Bevonahire, of £e 
character he suggested. If heavy earthworks and bridgea were to be 
encountered^ it waa impossible that the line could be oonitnicted to pay 
a dividend at all. In porta of Devonshire there were amall pabtio rcidt 
the traffic on which did not exceed two Tehiclea or three vebiokt per 
day. To maintain, at a heavy cost, the principle of irvoiding \ew6L i — ~ 
ings in such cases was, he thought, unwise. In many caaety id 
companies erected cottagea along the line ior the plate-Uyexa to bsi 
their work; and there could bo no objection to ihe wives of the : 
attending to the gatoa at such level crodsings, in conaideratioa for Hi ^ 
rent free. He thought curves of 10 or 12 chaina radiua, and level ' 
oruasinga where tho public tra^Sc was light, might be fairly admitted on 
branch lines, which, when constructed at £4,000 or 5,000 a mile, might 
be made to pay a dividend. In such eaaea, a light rail of 401ba. or 60 wa. 
to the yard might bo laid down^ which would carry the vrdiiiarf 
carriages, if not the ordinary enginea ; but for abort branchea of 10 miks 
or \2 miles, one engine or two engines might be specially provided \ff 
the company, to work tho branch alone. Such a plan as that waa ftt* 
preferable to an exceptionally narrow gauge causing a bredc between th* 
branch and the muin line, atid the consequent trans- ahipment of the 
tr&QicT and the supply of fresh plant in the shape of carriaget aad 
wagons to work the iruMc when so transferred. This question having 
been now fairly raised, he thought it was a point which ought not to be 
lost sight of, and which was well worthy of consideration. 

Mr. Peter Barlow said, that though he was not of apinioa thai the 
gauge of 2 feet was expt;dient, or ihat any gauge at all approaching il 
was correct, yet he considered, that the same gauge could not be suited 
to every description of traffic. The gauge adapted to the coatermoages'a 
cart would not answer tor Picitford's vana, and the gauge of oeeaa 
steamers would not suit the penny boats on the Thames, He thought 
the oost of constructing a line waa very little influenced by the widtJi of 
the gauge; but was rather influenced by the width of the oarrti^«i. •It 
waa desirable that a uniform gauge should prevail all over the ooontiyy 
and good reoaona ought to ba shown for deviating trom tho eatabUihvd 
gauge. At the same time he hardly concoivtd it waa a gauge suited lo 
all circumataQces, and casys might arise in which tho local traflic mi^t 
bo better provided fur by a narrower gauge. What led hiiu to think a(» 
was the rei^ylt given by tbe Author, who had shown that an engine 
weighing only 74 tons could take a load of 60 tona up a gradient of I in 
no. On the metropolitan Jinea, enginea of 40 tons were often employed 
for less loads ; but tho cxigcncice of a metropolitaii traffic required 
frequent and light trains, with power to get rapidly into speed, ana thua 
re&embled the ease of the puony boats on the Thamea, He agreed with 
Mr. liregory that there was little economy in tho construe tiou of thcta 
exceptional gaugea, and be thought what was done upon the 2 (eet-gaiige 
might poaaibly be done upon the gauge of 4 feet 8 J inchee. Stiii tAt 
fact of what had been performed by the locomotives on the Fcatiiiigi^ 
line waa worthy of attention, and he thought the Institution waa mtUth 
indebted to the Author for having brought the subject lorward. 

Sir Cusack Roney had aeon the gaugea of Canada and the 0mted States 
andh adtravoUcd upon coo tine ntal Imea in various partu of Kuropa, Be 
had also had the opportunity of seeing the working of many branch 
lines, atd he wtia thoroughly convinced of tho deairability of a uni- 
formity of gauge in all eases, between the branchee and the main linca. 
He considered that the gauge adopted in this country was the corrcvt J 
and reallv practtuable one. In most parts uf Europe he had mei withl 
nothing but the narrow gauge : with one eJLCcptioo — where tho liat * 
was worked by horse- power. 

Mr. liobcrl Mallet begged to offer one or two obaerratioiu ia 
explanation. He had not iotendi^d lo say, thai m choosing a ^ugotba 
choice depended upon the purely physical considerations ho had brougbt 
forward, but, on the contrary, that the choice of gauge must depend f^^ 
prudential conditions, and, amongst other things, primarily ape 
question of traffic. To put au obvious example : If the whole 
were to bo of cubes of grantte, or other stone, each of 20 tona weight, i 
railway of even more than 7 feet gauge might not bti aufficient. 13ki 
at the harbour works at Holyhead the oontroctor'a gauge waa 9 feet < 
10 feet, being employed for the transport of blocks of Id tout. But l( 
certain conditions and amounts of traffic, a narrower gauge than i taill 
8| inchts would not only bo suffieicnt, but would bo found the n«ai 
economical and advantageous. What he had stated with reUmoM ^ 
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gftuge wui tbat it was ft genend plijgical fact, that both the first cost 
of m« workftf uid of the rolling atock of any flimilar milwayft^ bzlcL aUo 
the workine cxpenBoa for the haulage of aoy total of traffio, must 
Inereav with tJie width of the gauge, and at a high function of it, and 
thftt this fuQction would probably be very nearly Id the ratio of the cubo 
of the gauges. English railwaTa with a gauge of 7 f«^^t, and thoso with 
• gauge of i feet 8;^ iuchew^ could not bo compared, in those respectA* not 
being aimilar eirJi<?T in way, or in rolling eiock ; thus, aa respected tho 
wheels and ailea* those of' the Great Western were rather lighter, being 
obnoualy wenker than those U8<!d on the narrow gauge, and having only 
|h« Mine width of tread. In the case of the passenger carriages) as a 
wbolei he found the bodies were nearly of the same breadth on tha 
narrow gauge as on the broad, on the former the overhang was greater. 
It was thus impossible to establish any ratio whatever between the 
width of gauge and rolling stock, where there was no situilority of con* 
■truotion on the two different gauges. 

With respect to the remark that if the width of the gauge were * nil ' 
^e oott of working would be eUo * nil/ it should be remembered, that 
aa each an tussumption the traffic also became *■ nil ' at the same moment \ 
» tbat while the mathematical deduction might be true, it did not in the 
i teueb the question of the relative economy of the narrow and the 
wide gauges. 

Mr. George England said, be did not for a moment apprehend^ that 
tlie narrow gauge of the Festiuiog railway was regartlcd as having been 
brought forwai^ as a pattern for univerBal adoption. Tbat line had 
b»en made tifteen years, and it was not originally contemplated that it 
vould ever be worked by locomotives. During the time that tho 
txtclioti was performed by horses, the owners were satisfied^ both with 
^e mode of traflic and the dividend the Uno yielded; audit was only 
when another Company wished to take a wider gauge into the district, 
tbat the working of so narrow a gauge by locomotive power was 
determined upon. It was done solely in self-dence : and he was applied 
to, to carry out the object of drawing a load of 25 tons up an incline of 
1 in 60 at the rate of six milca per hour. The finit engine that was 
Started took a load of 50 tons up the line at the rate of 12 miles per 
ikoar. That was simply the statement that the Author had brought 
bofore the Institutioa, The line was 14 mites long in the incline : the 
Wlgoai were takeo into the slate quarries, and the locomotive was only 
adopted in order to suit local circumstances. 

The valuable paper on the Festiuiog Bailway, whicli appeared 
in oup Ifljit number, was reiul by its nuthor, Captain Tyler, lt.E., 
before the lui^titution of Civil Engineers, atid the foregoing dia- 
<nii»ion thereon will be read with interest. 



MAJN^CHESTEE ASSOCIATION fob the PEETENTION 
OF BOILEE EXPLOSIONS. 

Thi ordinary monthly meeting of the executive committee 
of this ftss<x^iAtion was bold at trie ofliccsi, Corporation-street, 
itfanch ester, on the Slst of July, 1M66, William Fairbaini, 
C,E„ FM.S., LL.D., President, iii the clmir, when Mr. L. E. 
Pleteber, chief engineer, preseated his report, of which tho 
following \n an abstract : — 

*" Dunog the b«t month 182 engines have been examined^ and 
340 boilers* as well as two of the latter tested by hydraulic 

fressurc. Of the boiler examinntions, 2Ul have been external, 
D internal, and 129 entire. In the boilers examined, 87 defects 
have been discovered, 7 of those being dangerous. 

** Corroaian — ^//i /er»ci/.— Some corrosive waters not only waste 
and indent the surface of boilers intenmlly, but also destroy the 
vitality of the metal, so that the edge of the overlap may be cut 
awav with a few slight blows with the hammer, and the rivet 
lieada knocked oflT with a hand chisel only, and easily pulverised. 
Sueli wa* the character of the detects found in one oi the boilers 
examined during the past month, which was at once laid otl' by 
the owners, and condemned as soon as its condition was pointed 
oat by the association. The above shows the importance of 
carefuUy testing corroded rivet heads with a hammer. 

** Corrosion — Ext^muL — Both the dangerous eases referred to 
in the table arose from leakage at the jointn of boiler mount- 
ings, in consequence of tlicir being bolted to the shell instead of 
xivetted. The plates were so eaten away that in one c^a8e the 
inspector seraped a hole through with his chisel, while this 
comd easily have been repeated in the other. One of the 
mountingB was a cast iron man- hole mouth-piece of somewhat 
large si^e, and as the corrosion extended in a groove aU round 
ittne boiler was clearly unsafe to be worked, and was imme- 
diateJjr laid ofl'. This encircling gr<xjve was not very easy of 
detection, since, although nearly eating through the plate it was 
only three-eighthfl to half an inch wide, and ahnost buried under 



the edge of the casting, added to which it was filled up with tar 
with which the boiler had been coated. There may oe others 
in a similar conditioa for which this may be n caution. AU 
mountings, instead of btmig bolted to boilers, should be attached 
with suitable titling blocks ri vetted to the shell. 

** Dfjident^u of Water- — Tliis arose at night time when the fires 
were banked up, from the attendants omitting to close the feed 
stop valve, there being no self-acting back-pressure valve, and 
the feed inlet being below the furnace crowns. The importance 
of every boiler being fitted with a good self-acting feed back- 
pressure valve, as well as of tho feed inlet being above the level 
of the furnace crowns, lias been frequently pointed out in pre- 
vious reports. The furnace crown was fitted with one ol those 
fusible plugs in which the alloy is in the shape of a washer 
about the size of a penny -piece, having a copper Imtton in the 
centre of it. This did not. however, prevent tlie plates becom- 
ing red -hot. The phig did not put out the fire, or, properly 
spi^aking, go oil" at all. A little piece of the alloy melted away 
on one side end allowed a slight escape of steam, which for- 
tunately attracted the attentiou of a workman, who at once ex- 
amined tho boiler and found the furnace crown red-hot, 

TijauLi^B BTAxainvT of BxrLOSioira vaoit Juin S3, to JrLT 2r. ISM, urcx^usiTH. 
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** No, 33 explosion occurred at a oollierv at half-past three 
o'clock on the morning of Monday, July 2ua, and resulted in the 
loss of four lives. 

'* The boiler, wliich was not under the inspection of this asso^ 
ciatiou, was of the plain cylindrical externally- tired class, ita 
length being 30 feet, its diameter 6 feet, and the thickness of 
the plates three-eighths of an inch, while the pressure at which 
tlie safety valves were loaded was 301b- per square inch. From 
the evidence given at the inquest it appeared that the boiler was 
nine years old, was set with a wheel fiue, fed vc\i\\ hot water, 
and had been cleaned and repaired, when five new j>lates were 
put in, but a week before it burst. Al*o that at the time of the 
explosion the boiler had plenty of water in it, and that the 
pressure of tho steam did not exceed 27 lb. on the square inch j 
while, on subscqueut examination, the plates were lound to be 
of good quality, and to present no evidence either of flaws or of 
having bt»en over-heated. The engineer to the coUiery, who 
8l:ated that he had hfld tho position for sixteen years, was ' very 
well accustomed to boilers, ' and had the superintendence of all 
the enginemen, gave it in evidence tbat he could not in any way 
account for the explosion, and thought that there must have been 
something more powerlut than steam to produce it. The jury 
brought io a verdict that * the four lives were lost by the explo- 
sion of a boiler at the Cidliery, but what caused the eiplosion 
there was no evidence to show.' 

** Such evidence and such verdicts, thou^jh but too common, 
are not only unsatisfactory but positively mischievous, and can 
only tend to perpetimte explosions, as is shown by the occurrence 
of the one under consideration. But five weeks before a very 
similar explosion occurred to another colliery boUer belonging 
Uy the same proprietor and under the superintendence ot tho 
same engineer ; while at the inquest evidence io the same efiect 
aa tlmt just described was given by the suncrintending engineer, 
the smith who had repairett the boiler^ and the engineman, aU of 
whom considered the uursting of the boiler to be unaccountable^ 
so that the jury gave it in their verdict that * what caused tho 
explosion there was no evidence to show.' The tendency of such 
evidence and verdicts to reproduce rather than to prevent these 
disasters was pointed out in a previous report in the remarks 
on this explosion, which ranks as No. 24 for the present year, 
though it was hardly exxx'Cted that they would be corroborated 
by a second explosion at the same worts within tho short space 
of five weeks. 

*• As long as explosions are considered to be altogether unac- 
countable by those who have charge of the boilers, and this view 
is indorsed at coroner's inquests, it will be seeu that nothing is 
done for their prevention, and boilers sijnikrly daogeroas to 
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tkose wMcli hare exploded will be worked on tiU other explo- 
sionfl occur and more IWen are lost, when at tiie inquests tho 
Bmne stereotyped cndeni-e will in all probability be repeatud, 
viz. : Tliat the Doilers were very good, yvTY strong, and perfectly 
ttouml ; tliat tLe explosions were altogether unaccountable tuid 
cowJd not be helped. 

*' There i«i Dotliing, however, cither unaccountable or unavoid- 
able in these eiplosions. The majority of those at collieries arise 
simply from tlie use of plain cjhndrical crternally- fired boilers, 
which, as has been repeatedly pointed out in previous report s» 
arc 80 dangerous and treacherous as to be entirely untrustworthy* 
Everj- fresh explosion which occurs to this class of boiler is an 
additiODal illustration of this. The two explosions recorded in 
last month's report both took place very shortly after the boilers 
had been repaired and passed as sound* one of them having been 
cleaned and examined out the very day before it burst, whUo 
the boiler in the present ease had worked but five days and 
nights since being repaired and cleaned, when it is stated that 
the boiler was found perfectly sound and considered safe* Tliis 
treacherous cla«8 of boiler slionld be discarded altogether, and 
until this be done these so-called imaccountable and unavoidable 
e3q)lo«ionB will continue to recur as at present, with their at- 
tendant loss of life month after month. 

" i5everal explosions, the particulars of which have not yet 
been reported, have occurred duriujtj the last (ew months to 
inteniolly-fired single^flued or Cornish l)oilers, all of which 
might hive been prevented by strengthening the furnace tubes 
witli eucircling hoops or ilangcd seams. The particulars of fire 
such explosions may now be given. whUe two others have been 
reported to me which, there is little doubt, arose from the same 
cause, but sufficiently full details have not yet been received 
to enable mc to speak quite positively. Not one of the lioilera 
in question was under tlic charge of this association. The five 
explosions referred to are ]Sos. 3a, 10a, II, 17, and 26, while 
the details are as follows : — 

**No. 3a explosion, which resulted in the loss of a life, occurred 
on the afternoon of January 9th, at a saw-mill, to a boiler 
28 ft. long, 6 ft. 6 in. diameter m tlH- shell, and Z ft. 6 in. dinmeter 
in the furnace tube, which was made of f*iur plates in its cir- 
eumferencet three of which were tliree-eigliths of an inch in 
thickness, and the fourth seven-sixteenths of an inch, the 
ordinary working pressure being 451 b. per square Inch, The 
boUer wur in good condition and well equipped with mountings ^ 
while the plates of the furnace tube are reported not to have 

f resented the slightest a])p(^aranco of having been overheated, 
t seems that the engineman had noticed, on several occasions 
when getting up steam, certain vibrations in the tube, and 
imagining that the.He arose from its dcilection consequent on its 
weight, hung it up to the top of the shell by a couple of 9inj 
rods. These, however, proved of no avail. The furnace tube 
coUapsedin an inclined direction, midway between the vertical 
and horizontal. Had encircling hoops been added to the tube, 
instead of the stay rods, the explosion would have been prc- 
Tented. 

" ^o, 10a explosion happened at a gnarter before twelve on 
tlie morning of Mondavr February 26th, to a boiler employed at 
a currier's factory, fortunately no one was killed, unci only 
one person injiu-ed. The boiler, which was a second-lmnd ont% 
had just been rc-set, and been at work but a few hours before 
the furnace crown collapsed, on which the steam and wuter 
nished out from the rent and did considerable damage to the 
surrounding properly, reducinjg the boiler-house and adjoining 
ftheds to a wreck, and scattering the dcht^k to a eonsidtTable 
distance. The length of the boiler was 21 tt., the thameter of 
the shell 5 ft., and of the furnace tube iJft. 11 in., the thickness 
of the plates being three'cightlis of an inch, while the pressure of 
the stcJim on the square inch shortly betbre the explosion was 
641b. A furnace tube of such dimensions, especially when not 
perfectly circular, is quit^* unfit to be worked at as hiEfh ji 
pressure as this one was, viz., 64 lb., und all similar boilers 
ahould at once be strengthened, or they ^ill onl^^ be worked at 
the risk of failing in the same way as this ime did. 

*" No. 11 explosion happened at a mine on Saturday, March 3rtl, 
and resTilted m the death of one man. The boilerwaw 2\ W. id, 
in b-ngth, and had a diameter of 6 ii. 9 in. in the shell, and 3ft. 8 in. 
in the furnace tube, the thickness of the plates being three- 
eighths of an inch, and the load upon the safely-valve 40 lb. on 
the s(|uaro inch. The tube collapsed laterally, frctm which it 
^pcjurs prohAhle that it was not truly circular ; but, ctch if it 



had been, such a flno could not be prudently worked at a 
pressure of 401b, on-the sqtiare inch unless strengthened wiih 
encircling hoops, or other approved means. 

**No. 17 explosion, which was of a much more diaastroui 
character than either of the preceding, resulted in the death of 
five pcnsons, as well as in injury to five others, occurred at t^^n 
minutes past six o'clock on the evening of Wednesday, April 4th, 
at a tin-plate works. In this instauc4; not only did tne tnh« 
coUapse, but both ends of the boiler were completely torn nway» 
the body of the shell being blown in one direction and a con» 
siderabfe portion of the furnace tube in another, while tlio 
buildings of the works were seriously damaged, the roofa di»-' 
mantled, and the whole thrown into utter confusion, Th« 
length of the boiler was 30 t\.,the diameter of the shell 7 it., and 
of the furnace tube 4 ft., while the plates were seveo-sixteenthf 
of an inch in thickness, and the pressure of the steam 43 lb, per 
square inch. 

*' This pressure, in the ahtence of any atrengthenin^ rings, 
was excessive for such a tube, and more particularly so if at all 
out of the circular shape, which is generally the case in those of 
BO large a diameter^ unless of first-class workmanship, whidl 
could liardly be expected to be met with in a boiler made in ihe 
locality in which this one was, 

** At the inquest somo rather curious views were expressed. 
An aj>plieation to the Board of Trade for a government inspector 
to assist in the investigation had met with a refusal, coupled with, 
the anggestion that the coroner should, if he considered it necec- 
sary, obtain the assistance of some duly qualified engineer in tbQ 
neighbourhood. This, however, the coroner stated to the jnry 
he deemed unnecessary, since several of them were practicaJly 
acquainted with the construction of boilers, and able, he con- 
sidered, to got at the whole facts of the case themselves. Ona^ 
of the jurymen stated, for the information of his feUow jurom, 
that a furnace tube of a boiler would withstand the same prej- 
suro of steam as the shell, if only half its diameter and made 
of the same thickness of plate ; and as in the boiler under oon* 
flidenition the tube a little exceeded half the diameter of tho 
she^ll it was somewhat weaker, but that had nothing to do with 
the erplosion. It need scaroely be said that this rule is as 
empirical as it is false and dangerous. Another juiyman under^ 
took to estimate the precise per«e<*ntage of strength that furnace 
tubes lost from being overheated from shortness of water ; whil# 
in the opinion of a third juror, if the plates became overheated 
the steam would oxidise the iron and blow up the boiler. The 
coroner stated it was clear the explosion had arisen from neglect 
in one or two ways, either in generating too much steam or 
giving the boiler too little water, but no one pointed out that 
the explosion arose fn>m the weakness of the furnace tube, or 
called attention to the fatal defect in its constniction of omitting 
strengthening rings, Jtc. The jury returned a verdict of 
* accidental death, caused by the oxplo«ion of a stcjini boiler in 
consequence of the smallncss of the aafety valre, and thus 
closed the inquiry without having thrown any light on the tma 
ca.use of the explosion, so that it is feared that in the neighbour- 
hood in which this explosion occurred makers will still continue 
to turn out unsafe biilers, and firemen to attend to them in 
total ignorance of their danger, 

** JN^o, 26 explosion took place at a mine on Monday, Maj 28tll« 
one person being killed and three others injured. 

'* The boiler was of the single flue in tern ally- fired Conush 
class, its length being 30 ft, 8 in., its diameter tjft. 8 in. in the 
shelh and 4 ft. in the furnace tube, some of the plutes of which 
measured scven-sixteentlis, and others from that to threc-ei^hthi 
of an inch in thickness. There were two safety valves on the 
boiler loaded to a pressure of 401b, on the square inch, on« 
glass water gauge, and two gauge taps. 

** The intemal flue tube collapsed from one end to the otheTi 
with the exception of about 4ft. at the front end over the fire, 
where the tube retained its original shape almost uninjured, the 
collapse taking place ui a vertical direction, the crown tUttening 
down to the bottom of the flue, while about 8fl, of the tube tit 
the back end of the boiler was severed from the remainder and 
thrown to a distance of about thirty yards, the shell, with the 
other part of the flue tube, weigmng about nine tons, l»eLOg 
thrown in an opposite direction for about seventy yards. At 
the moment of explosion the engine was standing, and had hcth 
doing so for twenty minutes, the dampers being shut, and tfeo 
steaiu it is reported blowing ofi' gently ; while the attendant, 
who ia stated to be a trustworthy and perfectly compctt^nt ifxui- 
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man, gays that wlien tlie engine stopped there were 9 m, of 
water in" the glass ; and, also, that he tned tho top gauge tap.' 

** A good &oX of discussion has arisen as to the cause of this 
explosion, and it has heen attributed, m usual, to sliortness of 
water. Had this heen the case the plates of the furnaee crown 
imm&dlatelj over the fire would have heen the first to have 
metL way, whereas* as already stated* the tube failed at the 
back end, and retained its original sbape at the front, added to 
which the ,tube was of such dimensions that it could not he 
prudently worked at so high a pressure as it was, so that it 19 
thought there isi no reason to doubt that the explosion arose 
from weakness of the internal flue tube* and not from ahortnesi 
of water. It must not be forgotten that when an engine is 
standing and the safety valves are blowing off, as was the ease 
in the present instance, that the steam pressure will alwaya 
exceed the load on the safety valves more or less* and it must 
again be repeated that it has a mont important influence on the 
atrengtlt of^intemul fiue tubes* whether they be trulv circular 
pff not ; which is a consideration too much lost sight or, while it 
explains the apparent anomaly of one boiler exploding and 
another of similar dimensions working safely. Tubes made 
with plates overlapping can never be truly eircidar. Many of 
those HOW under inspection are made without any lap at all* the 
ends bcmg welded or else butted with a joint strip, so as to 
accurately maintain the circnilar t^hape. Also a belt of T iron* 
welded up into a soHd hoop, is introduced at each ring seam of 
rivets. With this arrangement plates three-eighths of an inch in 
thickness* in sttmd of those seven-sixteentha or lialf an uieh* are 
found to be ample, and to be perfeetly safe at a pressure of 60 lb. 
per square incn or even higher. Had this arrangement been 
adopted in the present instance the explosion would not have 
happened. 

** It is feared that in the district in which this explosion 
occurred many boilers of very similar proportions are at work* 
and imder these circumstances it is no kindness to the steam 
user and especially to the poor fireman, to enunciate li^lf truths. 
It must, therefore* plainly bo stated that aU such IwUers are 
dangerous* that they should be iramediately stopped and the 
fnmacc tubes strengthened. This* in some cases, may be done 
in place by the addition of angle iron hoops; while in others, 
where the furnace tubes are much out of the circnlar shape, it 
might be better to remove them altogether." 



O:^ THE SCULPTFRE IN WESTMINSTEB ABBEY. 

Br PaoFBSSOB Westmicott, E.A, 

{Concluded from page 220.) 

I WILL now refer to some of those productions which claim 
attention for such art qualities as they exliibit when they are 
employed for a higher purpose than mere architectural orna- 
ment. This is in iOustrating scenes in Script lire or other 
history* and it then comes under the class of *' suliject " 
sculpture. Tliougb there are works in the Abbey of an earlier 
date than tliose now to be brought under notice, there are none 
of greater interest, in their way, than the series of stone reUeri 
which decorate tlie screen on the west side of the chapel of 
Edward the Confessor, They comprise a variety of subjects, 
real and imaginary* in the lite of that pious monarchy de lived 
from A chroniele i^Titten byiUfred, an ecclesiastic of the time of 
Henry II. This record was presented by its author to that 
prince in the year 1163, when, atter his canonization* the remains 
of the Confessor were removed into a new shrine. The subjects 
are fourteen in number* and they are separated from each other 
by trefoils* rudely formed by a running ribbon. The wbole 
length of the sculpture is 38 a. 6 in., bv 3 t\. in height. The 
principal figures are about 1 ft. high. The relief is very bold, 
tlie irregular concave ground bein^ much hollowed out behind. 

There is no evidence to assist In settling tlu* disputed question 
of tlic date of this curious work ; and it is from circumstances 
only, connected with other erections in tliia part of the Abbey, 
that any probable conclusion can be arrived at. It is now 
generally attributed to some time in the reign of Henry VI, in 
3ie fifteenth century. It was not later than this* and reasons 
might be adduced for giving it a somewhat earlier date. This, 
however, is not a matter of any great importaneo ; for the few 
years only, of less or greater antiquity, would not materially 



affect the interest that attaches to the work ; and this consists 
rather in its being ** subject," or flJustrative* sculpture than in 
any merit it possesses as a work of art. The execution is ex- 
tremely rude. The figures are short and thick, ill proportioned, 
and utterly deficient in anatomical correctness. Of course it \n 
impossible to judge of the expression* as the surface is every- 
where greatly injured* but the stories or incidents are told in 
the most primitive and clumsy manner. This frieze* which in 
its time, must have been considered a production of no slight 
pretension, both from the position it occupies, and the subject 
treated, shows the very low condition of art in England* at four- 
t^^en hundred years after Christ. So far from exliibiting anything 
like progress or development, it bterally is suggestive of 
retrogression ; for it is, in every respect, inferior in art-qualities 
to sculpture near it» of a much earlier date. It is curious to seo 
how little care was paid to what may be called kepptng in theae 
designs. In two of the subjects a church is represented ; one 
refers to a miracle operated on an occasion of the king receiving 
the sacrament* when, it is recorded, the water was converted 
into the figure of a boy, who gave his benediction to the Con- 
fessor and his attendant. The other is said to represent the 
dedication* by himself* of Edward the Confessor's church. In 
both instances the church is in a styk^ of very advanced Gothic 
unknoTi-n till at least three centuries after the Confessor's death. 
AJthough these works can take no rank as good art they liave 
an interest of another kind. They are valuable as illustrations 
of the condition of art ; but they have a further claim to atten- 
tion as exhibiting the tone of feeling of the time. The traditions 
of the holy hfe and experiences of the Confessor were thoroughly 
believed in ; and here art is exercising its true mission in giving 
expression to ideas that were familiar and dear to popular 
feeling. Without entering into the mcaBure of truth attaching 
to Abbot Ailred's cbn>niele, sculpture is here employed in one 
of its most legitimate functions, especially, as in this case, in 
association with a sacred edifice. Jiude and incomplete as it is, 
this work may justly bo referred to as a mode in which subjects 
of similar importance and character might be eflectively and 
advantageously presented in the decoration of Chri stain churches. 
In another part of the Abbey* between this (Henry A^II/s) 
chapel* and the chapel of the kings, as it is called, is another 
very interesting work of a »ome what similar character, though 
the subjects in it are fewer. This is the screen of the shrine of 
Henry V. . The decoration consists chiefly of statues in niches, 
bnt there are groups of figures in two compartments * which 
come legitimately within the category of suojects. On© is a 
coronation, comprising several figures* with the king seated in 
the centre. It is right that attention should be directed to their 
treatment. That on the north side is by far the best ; but here 
again the sculpture is extremely rude, and exhibits no tmo 
feeling for art. In other parts of the church— for instance, 
in some spandrels of the chapel of St. John^ — ^thcre aro 
also examples of what may be classed a^ subject- sculpture 
(as distinguished from mere arcliitectural decoration), which 
fully bear out the above remarks as to the rudeness of the art of 
the time. The more important one may, probably* be a repre- 
sentation of our Lord giving judgment at the Eesurreetion. 
The centure figure of the Saviour, if this inteqiretation be 
allowed, is represented seated, and is of Inrgcr proportions than 
those near him. The left hand appears to be raised ; the right 
is broken ofl^. The figures behind him ore variously employed. 
One seems to have a pastoral slaif; another* as far as it can be 
distinguished, is suppbcating : there are three on each side. 
Another spandrel exhibits a draped female standing on a dragon, 
the hands are placed together on the breast* as if in prayer. 
Behind her appears to be a cross. She is surrounded by foliage, 
and on one side is a second dragon. This design may Tie 
intended to represent the A^irgin treading the dragon under 
her feet. The arches of the spandrels spring from human 
heads. From what remains of the figures, draperies* and com- 
position of these designs, the art exhibited is of a very rude 
quality. The figures want proportion, and they are rather 
packed than arranged in the space they are made to oceupr. 
Two of them in the larger composition are falling on their baeCs 
evidently to accommodate them, in the ustial Gothic mode of 
treatment, to the curve of the arched moulding against which 
they are placed. Of the details it is im|Htssible to give any 
opinion, owing to the injury to the surface of the work ; but 
beyond their use in fiUing in and enriching the space occupied 
by them, they evidently have but little claim to attention. 
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There is a class of subjcct*»cTilpture especially associated 
with what may be caUed ecclesiastical decoration, which may 
not bf* entirely overlooked in this paper. Strange to say, it is 
only found in religious hiiildingjj ; and vet it is uaually of a 
character that renders it quite untitted for flueh application. 
This is in the incident!* eliosen for the ornaments of stall-seats 
and bnickets, and especially in gargoyles and drip-stones, where 
the jealoii8y that existed between the regular and the pecalar 
clergy was shown in the grotesq^ue and often higldy indelicate 
carvuigs in which one body satin;sed the other. It is diflicult 
to understand how the representation of sueh coarse bui!"(X)ncry, 
and even of the most scandalous subjects could be permitted by 
those who controlled ehureh decoration ; at a time, too, when 
«om*^ ardent admirers of medifevali»m insist that the most 
exemplary religious and pious impulse directed all art. It is 
thus breitl? referred to in tliis place as a part of our subject, and 
because Westminster Abbey is not witliout examples of thiis 
strange and himentablc ollence against propriety ancfgood taste. 
It may be added, however, that with very few exceptions, the 
instances found here are rather of the broadly humorous than of 
the indecent type. 

Before closing this subject, the attention of the meeting may 
be directed to tlie very remarkable series of statues that are 
found in the chapel of llcury VII. Here, indeed, may be seen 
works that, in certain qualities, niay challenge comparison with 
the production of any school. They are oi* unequfil merit; but 
the iH^st of tlicm are fine examples of the success of the mediffival 
artists in treating drapery, and in the impressive simplicity of 
}njH% in single figures. At the same time, they preserve all tho 
distinctive eharticteri sties of the Gothit* school, so carefully and 
ao curiously maintained during the whole j>eriod of its eristeuce. 

The works referred to constitute a portion of tbe decoration 
of this exquifiite architectural triumph of the sixteenth century. 
The nave of the chapel is divided from tlie ttialvH liy four arches 
on each side, and similar arches divnde it from live small chamois 
at th^ east end. Immediately under the arches, and extcnuing 
entirely round the chapel, is a range of demi-angels, crowned, in 
high relief. They are rather grotesquely treated; some aro 
draped, some are represented with their bodies feathered; and, 
genendly, they have rich, curly hair. Their fuuction is to 
jsupport, on shieldj*, the royal devices of Henry VII. — the rose, 
portcidhs^y/iet/i* de //*, *&c. Over these angels are octangular 
pedestals and niches, enriched with traeery and foliage, con- 
taining statues about 3 ft. Iiigh of snints, martyrs, and other 
venerable persons. There is here great variety of action and a 
fine f(^eling for art- The draperies especially are hirgely and 
grandly arranged. In the heads, also, there will be observed a 
remarkable attention to the proper expression, as well as to 
character and form. The action of the hands is, generally, well 
studied. When the naked form is introduced, as in the St. 
Selmstian, it is conventional, and as usual shows no intimate 
acquaintance witli the study of nature ; but m all other respects 
these works possess merits of a very high class, and have justly 
been noticed by all the best judges of sculpture as examples, of 
their kind, thorougldy deserving carefid study and iniitarion. 
It may be noticed that though the statues in the nave average 
about 3 ft. in height, those in the chapels are nearly hfe size. 
They are arranged in threes, over five demi-angels. It is to bo 
lamented that ^odig of these interesting works have been injured, 
while some have beeu removed, and tho niches and panelling 
destroyed to mako way for monuments ; as, for instance, those 
of two ducal houses ol Buckingham ; of the respective familiefl 
of ViUiers, and >Shcliield. The statues, of all sizes, employed 
in the enrichment of the chapel of Henry VII., are said to have 
amounted, originally, to nearly three thousand. Many of the 
smaller ones, espedally those in gilt meLai» havet no doiibt, been 
stolen. 

The Jfonumfftt^. 

The earliest examples of sculpture in the Abbey Church of 
Westminster — and thc»y are believed tv>be the oldest monumentfl 
in England — are seen on some tomb or grave stones in the cast 
cloister. They are of abbots of the church. One of these is 
aaid to be of \ italis, who died about IQS2, Jwo others are of 
Crispinus, about 11 H, and Laureutius, who died towards tho 
end of that century. The etligies n( these dignitaries, carved on 
gravestones, are represented in their robes. That of Vitalis lias 
a mitre on his head, and in oue hand are the remains of a pastoral 
flt&fll The exeeutiaa of these works is extremely rudei and the 





relief very fljit. They possess considerable antiqnarian mter«»sl ,^ 
but they offer no peculiarities to arrest the attention of the loverj 
of art. 

It may be observed here, that all the earlier monuments in 
which effigies appear are of ecclesiastics. This may, at fintgil 
appear strange, wtien it would seem to be so much more natniil' 
and fitting that crowned heads, kings and rjueens, princes, ^ 
great nobles and knights, warriors and statesmen, should be 
honoured, and not tliat such distinction should have been 
exclusively conferred on the clergy* But here is seen one of 
the great uses of monumental art, when it is exercised under » 
real and true impulse; it shows the cliaracter of its age. Th^ 
earliest Christian art, resembling in this impulse all the early 
monumental sculpture that exists, was employed exclusively in 
illustrating subjects of religious iiitt^rest j and when applied a«^ 
decoration on the tombs of holy persons or martyrs — prior to th^ 
representation of the deceased in an effigy — the subjects of thi 
designs, whether pidntings or sculpture, were always tiiken froi 
Scripture or from some sacred tradition. The chsr-i'^*" .»f 
art was rude, and examples often occur of the pn j 

the debased Koman schools being adapt^^'d to Chr: ..^ m 

tion, — a new meaning being given tnem to lit them for this 
appropriation ; but, however expressed, the motive was un- 
doubtedly religious, and such decoration w«s felt to bo the otdy 
protjer accessory on the tombs of departed Cliristians. At first 
no personal or secular element was prominently put forth in 
such works. 

The cause of a change in this tTeatment as appHed to morn 
ments is not difficult ofexplanation. 

In the eleventh century, the period when the efHgy of 
deceased was iirst introduced, the Church exercised very 
power, not only spiritual, but pohtieal. Its dignitarica 
many of the highest offices of State, and the clergy gem, 
occupied the influential position to which their eancatioii' 
attainments — ^great indeed, compared with the umversal ign< 
of the laity of all ranks — justly entitled them. It is noT, th( 
fore, to be wondered at, that tlie most eminent of its Tnemb<*TS 
shotdd, on their decease, receive marks of honour at the hands 
of their brethren, especially, too, when these could be cDuterred 
upon them in the very edifices in which they had held tha 
highest offices. There was, also, a great f#pn/ de corjta in the 
mem Ws of each foundation, Such memorials testiiicd. in the 
first place, to the importance of the religious house, ^ hilo th 
tomb of its bishop or abbot attracted attention, invited thi 
devotion of the pious, and procured for the church itself many 
substantial advantages in the way of privileges and oOeringi 
from all classes of persons who frequented them, according to] 
their position and means. It must also be borne in mind thatj 
aU religious edifices were entirely and exclusively under th< 
guardianship of the clergy. Ecclesiastics alone controlled every! 
thing connected with the arrangements within the building. In 
some societies, it is well known, their own members were ccmi' 
petent to act as architects, painters, and cnrvers, and uf\cii wen 
the sole artists employed in the design and the dec»:>ration of tha 
church, or monastery, or whatever it might be. It follows iWna 
this, that in erecting monuments of especial honour, the mem 
bers or chapter of a religious house would, naturally, first paj 
this mark of distinction to one of their own body ; and thus tha 
bishop or abbot, or other high dignitary conuect-cd with tJit 
particular church would, when tho practice of persoDAl repri* 
ecmtation came into fashion, have his effigy placed ore? hif 
grave. For a hundred years and more this character of tomb-^ 
monument seems to have prevailed. There is not an instance 
even a royal ^iM^ during this period, tho firsit regal ntonnraent 
which is found in England no treated, being that of King Johfi* 
in Worcester Catheoral. Its date is probably early in tka 
thirteentli century, as John died in 1216. 

Though the previous strictly religious cliaracter of momi- 
mental sculpture, admitting only Scripture or sacred subjects in 
tho accessories, was, as has been shown, invaded when the cfilgr 
of the deceased was represented, there still was a soleninity^^ 
repose in tho design of such works pecuhnrly appropriate lo 
their place in a church, and to the intention of tue metaoriaL 
Tho figure was represented recumbent, as though ext^^nded 
his deathbed. Habited usually in the full costume of his m 
with his crozier or pastoral slatT by his side, the chalice in hi 
hand, or sometimes with the hands in the action of prayer, 
bishop or abbot, or whatever his title, appeared simply ai 
dead or dying Christian priest. It was a record, a mi^morial 
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the individual — do more. Tlicre wan no oHtentations display of 
worldly distinction and titles ; no vain* boasting epitapli, Xlte 
name only— and sometmiea not even thatr— witli a date, was in- 
scribed round the margin of tlie stone, and this was followed, 
occasionally^ by a simple petition for divine mercy, or asking the 
prayers of the passers-by. 

The principle which is so conipicuonaly «?xhibit<»d In these 
earlier works continned to inflnence monnmental design when, 
subsequently, ench memorials ceased to be confined to the 
dersfy, and were erected to the noble and distinguished among 
the laity. The recumbent effigy of the deceased surmounted the 
tomb. The attitude \vm still extremely simple, and in perfect 
reposCt excepting when the slight action of trie bands, raised on 
the breai^t m prayer, showed how the departing spirit was 
occupied in its last earthly momenta, IMicttier the figure was 
tliat of a prince, knight, or lady, it was dressed in the costume 
of the day ; and it gives great antiquarian interest to these 
monuments to have the assurance that the effigies on them really 
represent the individuals whom they record in the dreflses worn 
at their respective dates. In a number of instances in which 
tombs have oeen opened, the costume in which the deceased was 
buried has been lound to correspond with that given to the 
sculptured figure. The monument before alluded to of King 
John* at Worcester, was examined late in the last century, and, 
aUowing for the changes consequent upon its great age, tho 
dress in whirh the boilv was entombed was clearly identical in 
ita forms with that sculptured in the etligy. 

The first regal monument in "Westminster Abbey, in point of 
date, and having an effigy on it, is that of the foimder of tho 
i^liresent edifice, Henry iTl, who died in 1272-3. The tomb was 
erected a few years later by his son and successor, King 
Edward I. The king is represented recumbent, crowded, 
habited in royal costume, witn a mantle reaching to the feet. 
The head, witn its crown of Jtenr de. Us^ rests on two small 
pillows. The long curls of Imir fall from imder tlus coronet ; and 
the face, which appears small and delicate, and is no doubt, a 
portrait, ha>< a beard and mouBtaehea* Tlie action of the hands 
suggests tJiat the figure may originally huve held some object, 
probably sceptres, no loager remaining. The feet have shoes 
un them, enricjhed with a running pattern of diaper giJt. As 
late as 1681 there was a lion against which the feet rested. 
This has disappearedt as well as &omc architectural decoration 
over the tomb. The material of this extremely interesting 
statue is bronze ; and it is said, by Walpole, who does not, 
however, mention bis authoritj'. that it was considered the first 
exjtmple of metal casting in England. Both the statue and the 
table oeneath are richly gilt, Imtthe hard coating of dirt that has 
been suffered to accumulate over it entirely conceals this 
decoration. The latter is diapered with lozenges, each enclosing 
a lion pan^ant ^nantant : this design may be plainly distin- 
guis heel near the pillows. There is great dignity in the simple 
pmc of this statue, and the draper)" is very graccfidly composed. 
The workmanship and materials throughout arc remarKablc. 
The panels at the sides of the tomb are of polished poqdirry, 
surrounded by a border or framework of mosaic, with gilding 
and coloured stones. At each corner there are twisted columns, 
(innhirly enriched with variously coloured marbles. The lower 
portion, or baHc of tho monument, stiU e3diibits the signs of its 
former lavish enrichment, in its loasenges of green jasper, and 
the remains of elaborate ornamental carving. It is said that 
Edward had the precious stones employed in its decoration 
brought from France in 1281, 

There is a peculiarity in tlie base of this tomb, which is 
worthy of remark. On the south sidc^that within the chapel — • 
there are three sunk comjjartmcnts. The centre one lias a 
pediment supported by pilasters, with an architrave. The side 
recesses have tri-foil heads. It is supposed that these recesses 
were used as '* ambries '* or lockers, in which sacred vestments 
or other objects, and possibly relics, were kept. At the back of 
ipftch is a cross in masoic. It wiU be observed that the style of 
JatJiitecture exhibited in this work is of a very mixed character, 
and is highly suggestive of a foreign origin. It is known that 
Cine Pietro tavalini was employed in the execution of this tomb, 
ai well aa that of Queen Eleanor, and it is not improbable that 
tlua may fully accoimt for the non-Gothic treatment of tho 
arehitectunil portions of the design. 

The immeaiately adjoining tomb, also, in the Chapel of the 
Confeswor, merits attention for the extraorchnary elegance and 
beauty displayed in some of ita dctuila. It k tlmt of Eleanor, 
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the wife of Edward I, She died in 129L The figure is recum- 
bent, habited in the royal costume. The hands arc designed 
with the utmost grace, and there is a cnlm, gentle expression in 
the face, which is extremely touching. There has been a. 
question as to the authorship of thifi very beautiful work, as 
well as the monument and statue of Henry III.» and a patriotic 
desire has been shown to attribute them to native artists, but 
others, and Flaxman among the number, think that foreign 
sculptors were employed here on many of the works, and that 
the name of Torell. goldsmith, which occurs in a document of 
the time, should be Torelli. It may be so, but tlie cx|jresBion 
*' jfoldsmith *' may refer to the gilder of the bronze figure, and 
this may have been done by an Englishman. The best argument 
for beheving that foreign artists were employed in the more 
important parts of these designs, especially in the figures, is in 
the general inferiority of those decorative portions \^'hich wotdd 
necessarily be executed by such workmen as t^uld commonly 
and easily be found in this country ; and the mention of 
Pietro Cavalini in a contemporary work gives b trench to this 
opinion. This i.*« a subject of very great interest to Englishmen, 
but it is not possible at this time to give it the consideration due 
to it. The occurrence of unquestionably English names in the 
documents connected with public works proves the existence of 
native artists ; and it is natural that art-historians shoidd en- 
deavour to show that some of the most interesting works of art 
were prt>duced by native sculptors. In some of these, as at 
Wells, there certainly is no appearance of foreign interference, 
They are as original in style as they are nide in execution. 

Toe next monuments especially worthy of remark for their 
sculpture, arc in memory of King Edward III,, his Queen 
Pliilippa, and two of their chUdrcn. This king died in 1377. 
The royal effigy, of bronze, lies on a table of tho same metal, 
and the whole has been richly pit. In this statue there is 
e'i'idencc of great care in the portraiture of tlic deceased monarch. 
The face is long, and there is a remarkable faU in tho lower Up* 
Tlie hair is also, doubtless, represented as worn by the king. It 
is long and slightly curly, and the beard is ample and flowing. 
Altogether it is an interesting example of attention to nature, m 
transmitting the likeness to posterity of one of England's greatest 
sovereigns. There are at tlic same time those conventionalisms 
of treatment which, while they give its character to Gothic art, 
remove the works out of the category of really good sculpture. 
The long drapery in which the king is habited, though extentling 
to i}w feet, shows a want of truthfulness in the diw posit ion or 
fall of the folds. They are composed, in straight parallel fines, 
as if the figure were standing. Among the careful details the 
shoes are "rights and lefts," erroneously believed to be a very 
modem fashion of shoemaking. This tomb lias suffered greatly 
from age, neglect, and no doubt intentional illusagc. Much of 
its enrichment has disappeared, and many of the numerous small 
statues that decorated the tomb have been stolen, 8ome of 
these representing the sons and daughters of Edward were in 
solid brass gilt. 

The tvmh of Queen Philijipn, the consort of Edward HI., 
still shows proofs of its former magnificence, though it is one of 
the most injured of the monuments in the Abbey. The efiigy of 
this princess happily remains in a condition to aflbrd a good 
idea of her person, as well as of the art of the daj". Tlie por- 
trait is evidently carefully studied, and the sculptor who was 
able to give so much natural character in the treatment of the 
details was no mean practitioner. Such a work proves that 
there were artists of widely different schools employed in these 
productions, though it mil be seen they were still under the 
influence of a peculiar mode or style which makes all. even the 
best, of Gothic sculpture. The costume of this effigy gives 
great antiquarian value to this monument of Queen Philippft. 
There is a small tomb of Pet worth marble in the chapel of 
St. Edmund which may here be noticed, on which repose two 
very small alabaster figures of children of the above ting and 
queen. They represent WiOiam of Windsor and Blanche. This 
interesting memorial of these young persons stands near the fine 
monument of John of Eltham. It has been much damaged, and 
the feet cut off. The costume of both is characteristic. The 
prince had flowing air, Mrith a fillet ; the princess, who died in 
134<), a raised or horn head-dress, now broken. In these per- 
sonal monuments, if they may be so called, from having the 
figure of the deceased upon the tomb, the e^gy constitutes the 
chief interest of the sculpture. But small accessorial figures 
were introduced, either as attendant angels or statues m the 
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apostles, saints, or other peraona, to enricli the side?* of the 
tomli or the architecture connect*' d with it. The aiig(*ls appear 
ministering, sometimes at the head of the figure, on each siae of 
the pillow, uometimesi at the feet. They usually are represented 
kneel in>j, and holding the chaliee, or, as thttnferi^ throwint^ in- 
censje from censers. Thej are less frequently seen at the feet, 
where either a lion or a dog, aonietimos hoth,rt?MrA^in/^ arc made 
to HUpport the feet of the etfigy. With rt^spect to technical 
tr*^atment, eonsidemble improTement will here be obsen^ed in 
the jiH'acefiil manner in which certain detailfi are represented. 
The hfinds of the figures are frequently of jgreat beauty, and the 
draperies are most carefully studietl. They are farge and 
broad u\ tlieir masses, varied in deai^, yet remarkable tor sim- 

Slicity ; and where action or moTement is to be shown, arS in 
ying or floating angels, the proper character is most admiral>ly 
expressed. Of course there is no display of the nude figure ; 
and where any indication of it appears, there is evidence of tlio 
usual absence of knowledge of the human tbrm» 

Amongst the older monuments to be especially noticed are 
three in the choir — namely, tiiose of Edmund Crouehbaek, earl 
of Lam-aster, son of Edward II. ; of Aveline, hi;* wife (died 
1275); and tliat of Aymer de Valence, earl of Pemlmvke (died 
1323). They are admirable illustrations of the elegant and yet 
rich style of monuments of their time. The precise diite of 
their erection is not known, but from the general treatment, tlie 
costume, and the nrckiteetural details, they may ]>robably all bo 
tilaeed .it lu'tween the middle of the reign of hfdward I. and the 
heginning uf tljat iA' Edward III. There is also so much 
Kimilnrit}^ in the general design, that it miglit be fairly imagLned 
that the same artists were employed on all the tkree works. 

Crouehbaek died in 129»5. His effigy lies on an aUar-tomb, 
He 18 clad in cliain-mail, and wears a close round helmfe»t. Tho 
figure is slightly turned to the right. — a movement that Tcmy 
hare been intended to convey the idea of IcMjking towards tho 
altar. This monumeut exhibits the peculiar sculptured enrich- 
ment that began at this perit>d to characterize these designs. 
The 8 ides of the tomb an* filled with .small figures in niehes, 
Tind IT canopies J and the (hflerent portions of the loftv canopy 
which suriiiounts the whole work abound with cleeorafivo 
detail ?;. hi the large trefoils, in the apex or pediment, are 
figures of the earl on horseback, anued in mail. The whole was 
gorgeouslv coloured and gilt, and remains of this may still bo 
disctfvercd in some parts of the monument. 

The moinuncnt ot Aveline, his wife, the daughter and heiresa 
of William dc F<5rtibus» earl of Albemarle* consists of an altar- 
tomb» upou T^hieh, under an elevated canopj^, reposes a recum* 
bent figure f>f this lady. The head rests on two cushions, 
supported by angels. The dress and dnipery of this nionunu^ut 
an^ remarkable for the elegant taste displayed in their eora- 
position and execution. She is represented in a hood and coif, 
which fall over ber arms, her bands being raised in the act of 
prayer, l^e other part of her costume cxmsists of a loose robe 
aucf long flowing mantle, reaching to the feet ; and in the 
grac-eful arraugement of these the sculptor has shown himself a 
consummate artist. With carefully studied form, there is a 
character of t|uiet repose quite in liarmony with the subject. 

The tlnrd nitmument referred to, of Aymer, or Andomar, of 
Vah'uee. resembles in its general features that of tbe Countess 
Aveline. but its dimensions are greater; it is more lot1ty,and the 
enrichments appear to have been more elaborate. As m the 
otlicr examples, the figure is recumbent on an altar-tomb. The 
earl \* in cbain armour, with a surcoat of his arms. The hands, 
which no hunger exist, wire evidetitly raisiHl on the breast as if 
in prayer. TIhtc is an interesting passage in the introduction 
of two smalJ half-knecliug angels at the head of tbe earl, 
»upp<.»rting on their hands a tliird figure draped. Tlii,s is ton much 
injured and broken to alTord any details, but it has been thought 
lo represent the soul of the Jeccased being thus held up by 
angels on its ascent to heaven. "So rnvn^ description would do 
entire justice to this very remarkable work. In its details it 
exhibits the peculiarities of the Gothic style, in it. s fanciful and 
c^lftlKjrate accumidations of crtu-kets. foliated cusps, varied 
trefiMls. and similar enriciiment j but if the purpose of the artist 
was to produce a striking cflect, and to impress the sjK'ctator 
with a soh»mn yet pleasing train of thought while etmtemplating 
thi.s noble rind beautiful memorial of the great earl, tbore can bo 
no question that this mouuinrnt deserves to be eousidered. of its 
i*lAjiK, u most ryJuable work of art. The sides of tlie tomb are 
£UL'd with slMuvB, noWf aks I much mutikted, and in a large 



trefoil panel in the pediment of the canopy appears a knij 
fully armed, on horseback. The wholo of the monmncnt ^ 
bc^m richly gilt and painted, and, like the works previgu; 
describetL was studded, in every part that would allow of 
with i?hields with heraldic bearings painted or embbiLZon< 
These tombs are surmouutcd by lofty, enriched canojjies, taper- 
ing upwards with every variety of acces**orial di'comtion 
Crockets run along the exterior lines, while foliage, diapen 
prounds, trefoik, quatrefoils. enriched cusps, gilduig, enamt 
mg, and eohmr, now much dilapidated and defaced, formed ti 
costly details of these memorials of raxik and greatness. J 
^Itar-tomb monument, in the chapel of 8t. Edmund, having on 
a recumbent efUgy of William de Valence, earl of Pembrok 
whose death occurred in France in 12yjl. deserves especial notii 
here. The body of the earl is believed, from an expression g 
the old inscription, now no longer existing, to be deposited n^ 
the stone tomb which forms the lower part of the monument,^ 
but the efhgy is phiced above this, on a long wooden chest. The 
figure is in chain annour. with a surcoat extending to the knees. 
An enamelled embkjioned shield suspended by a richly -deoorat*^ 
belt, is on the left side. The head, dressed in a close skuU cap 
.surrounded by a flowered fillet, in which are sockcta whicfi 
formerly held precious stones, rests on an enamelled pillow, uid 
a lion, much mutilated, support s tlie feet. The hancli are raised 
as in prayer, aud the portions oi' the dress that can be examine 
closely are diapered. There is also much gilding and enamelling 
8tdl perceptible in the enrichment of thi.s interesting work. "* 
the circumstance that calls more particularly for notice i^ 
that the statue itself is made of wood (oakj covered with 
of metal (copper) richly gUt, while the eflect of the chaiu mail 
given by engraving on the metal. It is said this monumcsut 
erected by Ayraer de Valence to his father's memory. 

The much-injured monument of Johu of Elthiuu, earl of 
Cornwall, (son of Edward IL), who died in 1334, merits altc 
tion as a good specimen of the treatment of such works, T 
efligy is made of alabaster ; and the details, of platc-anaoi 
surcoat, gorget, coronetted helmet, with the other prtti 
accesfloriea, give great antiqiuirian interest to this work. 1 
ooronet is of the ducal form, having alternately small and lai 
trefbU leaves ; and it is thought that this is the earhest Buth^irii 
for its being so represented. Tliere is nothing unutiual in 
style of art exhi luted in the sculpture; but with the st 
attendant angels at the head, and the figures in niches on t 
side of the tomb, it afibrds another of the numerous valuabl 
examples of the monumental style of the fourteenth centu 
There was formerly a very beautiful canopy over this tomb, bi 
there are now no remains of it. The accessorial statueii are mud 
broken, and many portions of the monument have doubl 
been stolen. 

The introduction of knights fully armed and moantod, 
presenting no doubt the nol)le persons whose larger etfigies 
placed on the tombs, in the decoration of the canopies of t^ 
monuments of the two Earls of Fembroko, is the otdy instant 
in this church of a reference to the worldly deeds or occupatK 
of the subjects of the memoriah There are examples in equall'^ 
early works iu other places of a deviation from this rul^ it 
confining the accessories to religious objects only, as angels And 
attendants, sometimes relations, but more frequently ecclesi- 
astics, but none occur here except in the slight degree referredj 
to. Kor is there any example of the double representation 
the subject; Erst, in the figure on tlie tomb, habited in t 
usual costume ; and. secondly, sho^ving the corruption and deoij 
of the body in death ; either i^-ith the skin shrivelled on tli 
bones, or the bare skeleton laid out. 

These characteristic examples, selected firom the lajire nmn- 
ber of interesting monuments of the Gothic or Media-^ f 

of art, are sullicient to convey a notion of the beat m< i 

sculptTire prevading in \\ bat has been thought by many the best 
peri mi of Gothic architecture. Judged as proauctions of 
arf, it need scarcely be said thej fall I'ar short of the ex( 
that the remuius of sculpture ot a much older date shoi 
was capable of attaining. They have, however, their 
peculiar merit, arising out of the sentiment which pcrvvdti 
them, and the prtuiriety of their design ; as expressive of ctftain 
feelings, and for its appropriateness, both to plac« and object. 
There is a truly serious and religious character in the tr^'-^^ 
these works, which subdues tmd tnmquilhjtcs the fee] 
those who contemplate them, carrying the reflectiomt 
thoughtful to objects beyond the present. In this respect, how- 
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ever deficieot tliey may be in technical qimlities, they fulfil a 
gretki purpose, ftnd they stamp tho monumental desigii of the 
loarteentn and dtteonth eouturu^s witii & principle wluch must 
be admitted to be one of high value, and worthy of praise and 
imitntion. It will not be desirable here to multiply the speci- 
mens of the immediately following dates after those already 
particularised ; but it may be observed, in support of remarks 
already made, that the subsequent mouumfuts were not prLM.4a 
of progress in sculpture. Theteehnical deHvieneies of the wurka 
of the two eenturies just surveyed were not replaced by any 
valuable develojjnient of style or beauty of lorm, even where a 
wider practice may have induced some greater rendiness and 
facility of mere execution. Tbe monumental form, of recumbent 
deiMi or dying and praying figurci* was i*till preserved. Either 
byprescnption, habit or teelin^, this style of treating the subject 
wa«t liappily and properly maintained ; but, it will be seen that 
a Dew and not an improved feature was admitted into tkeso 
designs, which interfered disadvantageoualy* with the spirit of 
the okl ty]>ej!j, 

Tlie tomb of the royal founder of the chapel, upon which oro 
placed the efBgies in bronze pilt of Henry \ IL and his Queen 
Mizabeth. is so well known, that it woidd unnecessariiy intrude 
upon our limited time to describe it in detad. The statues, as 
well as tbe accessories, were designed by a celebrated sculptor 
of Italy, Pietro Torreggiano, the contem]>oriiry and rival of 
Michelangelo, Tliese figures, in royal costume, are placed on a 
tomb of black marble, at the corners of which, somewhat uneasily 
balanced or sitting, are four nude cherubs or angels. The 
monument is inclosed within an elaborately enriched screen or 
" closure," also of bron/Ai gdt, but now, like the statues, 
blackened b}-' the rusit of ages. 

This might properly conclude our necessarily brief notice of 
this marvellous chajvol ; but as the name of Torreggiano has 
be*?n mentioned, it will be right to direct attention to one other 
work, said to be by him, in connection with this chapel. In the 
south aisle is the etEgy, in bronze gilt, of Margaret, countess of 
Richmond, the mother of Henry Yll, The aged and noble 
lady is represented in the dress of a nun, with a mantle over all. 
The details of this figure deserve careful examination. The 
bands, in the aet of prayer, are very true in character ami form, 
and give the idea ot having been cast from moulds taken from 
nature. 

It need searcely be said that the accessories of Torreggiano's 
works exhibit much of the bastard Italian style of his school as 
opposed to true Gothic ; and there can be little doubt that the 
fusion of styles, as the mixture of the classical orders with 
certain Gothic traditions, are to be traced to the emplo^Toent of 
foreign artists on the more imixirtant monumenrs erected in the 
diurclieg of this country. The recumbent eihgf was still in- 
sisted on, but the accessories were not strictly required to 
harmonize with any particular style of architecture ; and thus, 
eBpccially in the designs of the period succeeding the Per- 
pendicular phase of Gothic, are found the most capricious 
introductions of Corinthian and other architecture of the debased 
forma of the classical orders, — precisely us they occur in con- 
tinental design of the time. As this corrupt style was introduced 
in f liifi country about the time of the Eetormation, it has been 
Baid, without any reason, that the Ecformation wiis tbe cause of 
the change and fall of religious or ecclesiastical art ; when the 
fact is, the same bad and even worse taste is found in Italy, 
irom whence it reached England. The sixteenth century gives 
a date to this false stylo of design ; but the corruption of taste 
u to be 80Ught for, as numerous monuments show, in the 
productions of those countries which, at that time, were much 
more advanced in art tlmn England. 

The peri(xl of true Gothic scidptiire may bo considered to ho 
completed at tins date, the miodle of the sixteenth century. 
Alreiady sinilptiired monuments of a mom mixed style were 
executed, and it will be fseen that this, in a very short time, 
entirely superseded the old simple character of J^edifflval and 
eoclesiastical art. 

It has already been seen that lofty, highly enriched canopies 
formed a striking leature in the early monuments of the Gothic 
period. The same protecting rcmt or shrine is found in the 
, monumental design of the post- Media? val time» and equally 
exhibiting a preat quantity and variety of decoration. Colour, 
gilding, inlaid marbk^s, armorial eintdazonment, scrolls, were 
profutely employed, as in the same class of design in the tbur- 
teenth and £fteeuth eentuiies -, but though there is quite a^ much 



meaning in the lojcenges, twisted columns, urns, and other orna- 
ments in these monuments as in crockets, tininls, cusps, trefoils, 
and the other fanciful devices of tbe Cfolliic canopies, the latter 
were part of, and m harmony with, the architecture witii which 
they were associated, which the ponderous vagaries of the 
sixteenth and seventeenth centuries were not. This indepen- 
dently of other circumstances, constitutes the great dillerenc^ 
between the two ; and it must be admitted that, ui an art point 
of view, the latter offer no compensating (|ualiti<'s. Two 
monuments in Westminster Abbey, of great historical interest, 
at once ofler themselves in dlustratton of these rcTiMrks* They 
arc the tombs of Mary Queen of iscots, and of EUisabeth ijueen 
of England, The former stands iu the centre of the south aisle 
of Henry VII.'s Chapel; that of the English queen in tbe north 
aisle. As in the monuments of the earlier style, the etligies of 
these princessea form the main subject of the design, Tlie 
inferior eharacter of the sculpture, generally, is at tjnce evident. 
Mary is represented in full dress, with her hands raised and 
pressed together, as if in prayer. The dress is clab< irately 
worked, but is wanting in true artistic treatment; the folds not 
falling gracefully, but composed in heavy and straight Unes, as 
m a standing figure, and then gathered in unseemly confusion 
at the tect. The hands have sutlered injury^, some ot the fingers 
being broken o0'; but they are small and elegant in form ; and 
the ikce, young, and having a gentle expression is of a pleasing 
character. The architectural portions are cumbrous ; and every 
species of decoration that could be crowded into the design i» 
lavisldy introduced. 

The monument of Queen Elizabeth is not on quite so large a 
scale as that of Queen Mary, but it is composed on the same 
principle, exhibiting pn)tuse and cumbrous ornamentation totally 
devoid of taste. The cfBgy surmounts an elevated table tomb. 
The Queen is in royal costume, with a small crown on her 
head. In her left hand she holds a globe, in the right a sceptre. 
The drajjcry is in large quantity, ill designed, and, hke that of 
Queen MarVf stands up stiffly, instead of falhng over to the 
ground. The order, if it can be so called, of the architrecture of 
these two monuments is Corinthian ; and therefore entirely out 
of harmony with this beatitiful chapel of a most enriched 
eharacter of Perpendicular Gothic. 

This, however, must be a ihtllculty with regard to all works 
of later date that are to be placed in older erections. Unless 
the style of the arcliitecture be imitatet!. the more modem 
work.s must always appear anomalous. Yet the mere copying, 
in part, of an older style dc^^rives works of anything like a 
character consistent 'nith their own date. They lose all con- 
tenmorary distinction, wbilo they ore no trustworthy authority 
of the style tbey imitate, 

A modern statue represented recumbent and in prayer is as 
fitting a type of a Christian in the present day as it was five 
centuries ago ; but placing such a figure under a Gothic canopy, 
with aU the accessories that mark the peculiar art of a particular 
and past ago of architecture, though it may be very Uke the 
^Ider work and very pretty, is, atlter all, incongruous. The 
statue expresses a sentiment, and a beautiful because a tnie 
one ; but copying the architecture of another age is an 
anachronism. Every work of art should be truthful ; and one 
of tbe most valuable recommendations of art is its p<>wer to 
illustrate its own age. If the age has no distinctive exnression 
in its architecture, the ditficulty is only inerea:^ed ; for then 
there can be no real or original design. It must be factitious, 
and borr^jwed. 

Two of the most important and, to Englishmen, interesting 
monuments in the Abbey, have been selected to illustrate the 
unfortunate taste that was now introduced. So long as the re- 
cumbent figure of the deceased was made the first object, a 
principle was preserved which gave character and int^^rest to the 
design ; but, soon after the introduction of this style, allegory 
was ifsorted to, and the monuments not only exhibft the enigy 
of the principle subject of the monument, and occosionally me 
figures of deseendanta, as sons and daughters of all ages, bnt 
semi'classical figures of the virtues, as Temperance, Prudence, 
and the personification of warlike or learned attainments, in 
statues ot Mars, Minerva, and other heathen images, overload 
the design, and deprive it of all character of repose. 

Three very remarkable examples of this mixed character offer 
themselves to notice iu this (Henry VII/s) clmpel. They are 
the nmnuments of Villiers. Duke of fiuckLngham, and his famdy ; 
of Sheffiehl, Duke of Buckingham ; and of the Duke and Duche«a 
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of Lcoor, in three of the chapel § at the east end of the nave. 
These fully illustrate aO the periiliarities referred to, and they 
arc, also, very good speeimena of the state of art at the time- 
In the large eorapoaition of the Lenox monument there is much 
to arrest attention in the superior qimlity of the seulpture. 

The Gothic monuments exhibit attendant angels at the head 
and foot of the effigicg, miDistering in various ways ; and small 
figures of holy persons, and even of relations, introduced as 
mere accessories, are seen arranged in niches in the lower part 
of the tomh. In the later montiments these accompaniments 
assume a much more pronounced character. Big, naked, chubby 
boys, wingo*! and fluttering about, or sitting or standing in 
diflea^nt parts of the monument, take the place of the small, 
draped, kneeling figures that supprirt the pillow of the deceased 
in the Gothic monuments ; while lines of sons and daughters, 
sometimes life-size, are placed in the base, or in the background 
of the design* kneeling, or praying against a lectern. The males 
usually are arranged on one sine, the females on the other. 
Another peculiarity is often seen in these family tombs ; and 
that is the introduction of deceased children, wrapped in 
swaddling or grave clothes, Iving horizontally, on the Kicie of the 
sex to which they belong. The monuments of this st^yle, — like 
the older works, again, in this respect. — are usually richly gilt 
and painted ; and a variety of materials is used in their oom- 
position, as coloured maroles, alabaster, and brasa^ which, at 
Iea>!t, produce a gorgeous effect, if they cannot be reconciled 
with good taste. 

Tlie Abbey poi^sesses many eianiples of these designs, in 
which, notwithstnnding the indifferent art exh-ibited in tho 
sculpture, we still recognize a respec^t for the old religioua 
traditions. The recumbent effigies, with uplifted hands and 
serious expression, arrest attenrion and are aids to reflection ; 
but the time came when the more personal honotur or glorifica- 
tion of the subject of the monument was to be illustrated, and 
the quiet tomb character of the design was superseded by the 
endeavour to give prominence to the worldly dignity of tho 
deceased. The figures are now turned on their sides; some 
lean on their elbow, Icwking out from their resting-place, as if 
inciting the notice and adniirutinn of the passers-by. Tho 
various chnpels, to be visited after this lecture, oflcr many 
examples of this class of monimient. It will be remarked tliat, 
almost universally, the sculpture is bad. The dresses seldom 
are designed to suit the recumbent attitude of the wearer, the 
folds nsuaUy running, as if stitBy starched, in parallel and 
horizontal lines, instead of falling with their own weight. In 
this n*spect they are curiously similar to the stiffness of Gothic 
art. There are some remarkable examples of designs of the kind 
in the chapel of St. Nicholas; they are, however, of various 
degrees of artistic merit. Many of these tombs are in memoiy 
of persons eminent in history, and have great intert^st apart 
from the illustration they af!ord of the monumental art of the 
period. The neighbonring chapel of St. Edmund also contains 
8ome examples worthy of notice. 

Before noticing a few other works of the sixteenth and seven- 
toenth ccDfuries, it will be propter to make particular reference 
to two striking monuments in the united ehnpols of St. John 
Evangelist. St. Michael and St. Andrew. The first is that in 
memory of Lord and Lady N orris, early in 1600. The eiligies 
of both, in alabaster, lie recumbent on a raised tomb. A canopy 
is above them ; on each side of the composition, at the base, are 
three kneebng figures, life size, dressed in the armour of the 
day, representing the six sons of the above. This monument is 
very striking, not merely on account of its great size, but for 
the sentiment expressed in it. Although the sculpture is not 
fine, ^Mflcr// style and technical value, the motive of the design 
is gfKjd and appropriate. The effigies of the heads of the family 
re]>osing in death, T^"ith their sons kneeling and praying around 
them, is a tou<'hing and beautiliil subject, welt fitted for a 
mortuary chapel. 

The next monument in this ehnpel to which attention may be* 
called in a few words, is that of Sir Francis Tere. one of the 
eminent worthies and warriors of the Elizabethan era. Sir 
Francis, habited in a loose gown, is recumbent on a low bed or 
table tomb. At each comer is a knight, in lull armour, kneeling. 
They support on their shoulders a large table, which forms a 
canopy over the principal figure. On this are placed various 
pieces of armour, .supposed to be that of the great soldier lying 
beneath. The treatment of this design, in which the accessorial 
£gurcif are made to contribute so promiwitly to the ex|)re3sion, 



is as rare as it is effectiTe, They evidently are secondary to 
the main object, and though the figurei are life-si^e, they take 
their proper place simply as attendants of honour on the great 
general who reposes in the centre of the composition. 

This chapel contains a monument by Roubiliac, which always 
is pointed out by the guides as one of the wonders of the Abbey. 
It IS in memory of Mrs, Nightingale. In the lower part of the 
pyramidal compositioD, a skeleton, partially draped, issues from 
a dark recess or tomb, in the act of hurling a dart at a female 
above, who, fainting, is supported by her husband. He en- 
deavours to ward ofi* the fatal stroke, leaning forward and 
extending his hand as a shield or guard between the sinking 
lady and the weapon of death. The execution of this work is 
well worthy the great reputation of its author, and there are 
many points of excellence in the details of this remarkable work. 
Tlie expression of the dying figure, and the action and form of 
the falling hand, deserve the highest praise. The poetry of this 
conception makes its instant appeal to the feelings. It is full 
of patJios and touching sentiment. But here is seen the danger 
of not observing the proper limits between the ideal and me 
real, A mere skeleton, which could not by any means be held 
together, is here represented with life, power, and expresaioo, 
grasping an ordinary speajr, with which he intends to slay hii 
victim. The dving wife and her protector are supposed to see 
all this impossibility, and the husband endeavours, by a common 
action, to ward off the threatened evil. But a skeleton is not 
that broad, mysterious visitation called Death ; it is simply a 
distressing and repulsive residt of dissobition. The aUegoiy, 
therefore, is both extravagant and fal^e. With all its exeeUexiee 
in point of intention, and especially in its marvellous executioii 
as a piece of marble -carving, tlus monument ofienda a^Eainst 
artistic propriety and good taste. Koubihac is the author of 
another remarkahle and, in many respects, superior work, in the 
monument to the Duke of Arpyll, who died in 1743. The duke 
is represented falling at the base of a pjTamid. Around him 
are stiitues of Minerva, History, and Eloquence. The latter is 
fidl of action and expression ; and. with extended arms, appears 
to be addressing the spectators. It is a characteristic work of 
the time, and shows the great powers of Boubiliae in invention 
and execution ; but, like almost all his works, it is utterly di- 
ficient in the repose so essential to give ike proper effort u> 
monumental works designed for a place of worsiiip. The same 
criticism applies to a composition by the same master, near the 
Argyll monument, in the south transept, in memory of Handx^h 
the eminent composer. The expression of rapt attention with 
wliich the great master apjx'ars to be iistening to celestial mu^ic 
is admimbty rendered, and the execution of the work is, as usual, 
wonderful ; but the whole design is too theatrical for its destina- 
tion. It is a composition more adapted to a music-hall UiAli ft 
church. 

SaiTcely any of the works after this time, however remarkable 
for other tiuafilies, preserve the characteristica appropriate to 
church monuments. It is rare that allusion is made Uy death, a 
future state, or to the prayert^il last moments of the Christian. 
The statues have a mere portrait character. The action of the 
figures have reference only to their worldly business and occupa- 
tion, and the inscriptions record the virtues, the abilities, the 
prowess, and the accidents of life. The compoattions aft 
crowded with allegorical figures, more or less good, as they arc 
founded on or copied from the antique. There is nothing to 
arrest the attention of the ordinary passer-by ; and the recondite 
classical allusion ean only be understood by the few. Such 
designs as those reprcsentingMr.Thynne attacked and mordervd 
in hi.s carriage ; of Admiral Tyrrell ascending out of the sea to 
heaven, while on all sides are the most preposterous aceesaorief, 
including several fife-size allegorical figures, — only require to he 
aUuded to as being totally unfitted for church monuments; 
while they have little or no reoommendationa aa works ef 
sculpture. 

It scarcely is necessary to multiply examples of the art that 
now characteri^ed monumental seulpture. Promin^it iUustra* 
tions have been pointed out, by which the iotelligent ri«t0r 
t\411 be able t^ realize for himself the leading peculiarities of the 
styles of the diifercnt ages. Hitherto, it is to be observed, the 
motive or purpose of the generality of works, however strangely 
expreased in some cases, has had reference to the repose of 
death ; with suggestions of prayer and resignation ; and with 
such accessories as are fitting in memorials, of the kind, ptaeed 
in a Christian church. Less simple, indeed, thaa tlte earij 
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Modiffival monuments, still, the later moBTuncnts continued to 
ahov the relififious impulse, and invite seriouK reflection. In the 
eighteenth ecntnry this principle bei^an to he lost sight of, and 
in the end utterly disreij^Arded. Truthfulness and imlividualTty 
were, a* has been shown, first .^acri fitted to the absurd fancy of 
introducing classical details in the mounnienta. l?V>m orna- 
mental tlie artist proceeded to personal 7y.¥r«</fl -classical decora- 
tion ; and we find the deceased English nobleman, Ktatcsinan, or 
soldier, dressed in a Eornan cuirass, or toga, or pahidamentum, 
mixed up with modem costume. The large monument of 
Sheffield Duke of BucklnglmuK before alluded to, in the chapel 
of Henry VII. ; that of Sir Clondesley ShoTcI, in a Jtoraan 
enirasB, sandals, and a full-bottomed wi^, in the south niyle of 
the nave ; and many others, will show the extent to which thia 
absurd fancy was carried. It may not be amiss, to notice 
another class of monumental design, in which it is difficult to 
trace any motive. One example of tliiH utterly unmcaniag 
application of art, — if, indeed, it can come into tlie c^teRory of 
art at all,— is the huge monument in the ehanol of St. Paul, in 
memory of Lord and Lady Hunsdon. The aatc is about 1600. 
This composition, measuring between 30 ft, and 40 h. in height, 
and occupying one end of the chapel, consists of various stages 
of merely arcliitectural details over and around a sarcophagus ; 
while obehsks, columns, with capitals, architraves, and a 
Tariety of details, crowd the work from the navement upwards ; 
the most striking object being the lar/^.' shield with the em- 
blazoned coat of arms of the faniilv- The whole has been 
ppoftisely decorated and enriched with colour ; now, in ibo 
course of time, sobered down to a most sombre blackness. 
Another unmeaning work of the kind is a niilitary monument in 
the north aisle of the nave. It consii»ts entirely of vanous arms 
n»ed in military Life, and haa more the appearance of an 
advertising eara of an army accoutrement maker that a 
memorial record of a deceased soldier. These works are simply 
referred to as belonging to our general subject. It will neither 
be necessaiy nor profitable to continue the review of such trifling 
and unmeaning art. 

Having now rapidly reviewed tbe monnmenta preserved in 
Westminster Abbey trom tbe earliest regal monument^ — that of 
Henry III., of the thirteenth ccntur}", down to the end of the 
eighteenth eenturj^ — it is not neccRsary to mnke particular re- 
marks upon the monumental prtiductions of a metre recent time. 
It may mcrt^ly be observed, generally^ thut while they often 
exhibit very advanced knowledge and technical power in sculp- 
tnre, highly creditable to their authors, tbey are usually simply 
personal memorials, and have no serious eecleaiastical character 
or treatment to make them tit ting objects to occupy places in a 
church. The more ambitious designs are made up'ot classically 
draped or even of nude statues, imitations of the antique. Others, 
expressing the Wews of the realistic or naturalistic school, ap- 
pear dressed in the ordinary coats, \^aistcoats, anrl breeches of 
their day. Some are represented in the full vigour of life, 
making speeches, brandishing swords, or calling up their troops. 
Some are standing, in attitudes more or less gm(*efid, doing 
nothing. Some are sitting comfortably in their arm-chairs, 
nnoccupicd, or, it may be, thinking. In none of these is there 
the slightest idea of fltnesg or pr<:»priety, -with reference to 
place. Indeed, there are instances in which the extreme want 
of harmony with nurrounding monumentit and associations 
makea such productions not merely inappropriate, but positively 
offensive to jjood taste and teeling*. I hey ought never to have 
been placed in the positions lliey occupy ; and it is even now 
mnch to be desired that the more prominent of these statues, 
e«pecially the single ones,— the most eaisily dealt with, — should 
be removed to other sites where, while the deserts of their 
originals may be honourably recognized, and the statues raised 
to their memory be seen by their adniirrng countrymen, they 
should no longer be permitted to crowd the flocir ot a place of 
worship; where the mind shotdd be occupied witu other 
thoughts than those likely to be suggested by such incongruous 
associations. 

It is not intended, nor is it desirable, that works once admitted 
into the Abbey slioiddbe removed with anything like cnntumely 
and disrespect, simply because tbey do not bannoniite with 
reli^ous Hcntiinent, or are out of kr* piuij with the architecture 
of the church. Honourable pites might stdl be found for them 
within the »iujctuary, ay it were, A cloister, for cxainple, might 
easily be erected, fitted to receive them, or they might be ar- 



ranged within the restored Chapter-house. Mnny of the detached 
etatues, especially, might so be placed with great propriety, and 
with distinguished eftect. Many of the larger composition!!, 
which interfere fatally with the architecture of ibe church, 
cannot, it may be feared, be removed; but the floor or pavement 
of the church itself would thus be freed, in a great measure, 
from tlio crowding of works as inappropriate as they are ob- 
structive. 

♦ 

THE JTEW CHEMICAL LADOEATOHIES AT BO^^ 
IlSIj EEELLN^ 

The thirteenth report of the Department of Science and Art 
has an appendix commvmicated by Professor Hottinan on the 
laboratories now being built at Bonn and Berlin under his super- 
intendence. The professor'^ report is interesting for the special 
information wJiicb li contains, and remembering the intimate and 
increasing connection between chemical science and our manu- 
factures, is very suggestive of what might be done in England 
for similar purposes. The foUoTi^ing abstract of the report refers 
to the laboratory at Bonn. 

Dr. Hoflinan states tliat of the six Prussian imiversitiea, two 
— ^and these the most important ones — the L^nivcrsitics of Bonn 
and Berlin, had hitherto remained without chemical institutions 
in keeping with tbe advancement of science and corresponding 
to the demands of the present day ; and after referring to the 
difficulties that stood in the way of tbe realisation of this great 
undertaking, expresses his belief that the fuundatioTi of the two 
great chemical institutions now being carried out under the 
auspices of tbe Prussian Minister of Pubbe Instruction, has a 
significance far beyond tlie more immediate impetus thcj are 
sure to give to tbe prosecution of chemical studies in the uni- 
rersitiea to which tfiey belong. By the gr.mt of means unusually 
large for the organisation of these new schools, a tribute of 
recognition has been paid to the influence of chemistry on the 
modem aspect of the world that cannot n^main without, effect^ 
upon other departments of physical science which have not been 
less productive of useful results. 

Side by side with tbe two new c*hemical schools now springing 
into existence, other institutions are sure to be founded, similar 
in nature and appointed with tbe same bberality, for the prose- 
cution of the two other great branehes of natural science, physics 
and physiology, to which, as well as to chemistry, the future 
belongs. 

Thia subject is already being freely agitated in the Pnissian 
universities, especially tnose ot Bonn and Berlin, Th<' leaders 
in the several branches of natural sciences arc pursiiad«Ml, tliat 
the great etibrts at the present moment being made for che- 
mistry will, sixmer or later, benefit their own departments. It 
is not, however, in Prussia, or in Germany alone, that the 
wholesome influence of this example appears to be felt. The 
exertions of tbe Prussian Ministry of Pubbe Instruction in the 
cause of chemical science have attracted the attention even of 
foreign govemmentfi. Inquiries respecting the new institutions 
have already been nmde by several other countries, more 
especially by England and France, and it is not uidikely that 
the nobie precedent set by Prussia will soon be followed hj the 
establishraeut of similar schools elsewhere. It is in tlua sense, 
at all events, that the writer ventures to interpret the desire 
expressed bj* Her Majesty's Goveniment to obtain information 
on the subject of the two institutions in process of organization 
in the Universities of Bonn and Berlin, which, at the request 
of the Prussian Minister, be hns endeavoured to supply by draw- 
ing up the following statement. He would, inaeed, consider 
himself fortimate if this reix>rt, which, from the nature of the 
case, cannot be more than an outline, should assist in augment- 
ing the intercf^t already felt for the establishment of n great 
chemical institution in the metropolis of the world, an institution 
which England can no longer <hspense with, since no country ia 
more deeply interested than she is in the rapid diflusion of the 
latest results of chcmicjil inquiry. Tlie renorter proposes, in 
the first place, to give an account of the laboratories of the 
University of Bonn, which were earfier conceived and earlier 
begun, and are, consequently, in a far more ttd\Tinccd stage than 
those of the University of Berlin. 

The first negotiations respecting the bnildiri '" i \\- labor- 
atory in Bonn go back as iar aa ISOl. In tl < if that 
year the reporter was invited by his friends, Inur^sin- Piiicker 
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and Sell, to an mteiriew with Mr, Beseler, the Curator of the 
UniTersity of Bonn. But little time dapst^d before the first 
steps for the foundation of the new chemical Bchool were taken. 
Th^ negotiations akeady pending between the Minister of Pub- 
lic Instruction and the Curator of the University were soon con- 
cluded, and in the beginning of 1862 Mr. Beseler was comniis- 
i»ioned by the Minister to inquire of the reporter whether he 
would undertake the organisation and direction of a chemical 
laboratory to be established in the X^ni versify of Bonn, on a 
magnificent scale, and UberaUy provided with all tlie require- 
ments for modem investigation. The qiie*?tion thus opened led 
to a aeries of negotiations which ended, in the spring of 1863, in 
the reporter complying with this proposal, 

'Hie important duty of drawing out the plana of the nc^w 
institution devolved on Mr. Augustus Dicekhoff, archit^?ct to the 
Universitv, and in preparing the programme, the composition of 
which fell ti> the lot of the reporter, it appeared all-important to 
gather information as exact as pofisible respecting the chemical 
inatitutiona already in existence, and the reporter was fortunate 
enough to obtain drawings and plans of nearly every existing 
laboratory. The chief experience, however, was ^thered dur- 
ing a journey of several months through Germany, in the 
autimm of 1&63. On this trip nearly all the Grerman labora* 
torica were studied, from that of Giessen, the first German 
university laboratory, wliich the father of the reporter built 
more than a quarter of a century ago for Liebig, down to the 
more reeently-founded chemical schools in Karlsruhe, Munich^ 
Zurich^ Heiuelberg, and Gottingen, and the splended institu- 
tion just completed in the University of Greifswald. 

ntimatcly a plan, the detailed contract for which amounted 
to 1H3,000 tattlers (£18,450), passed, with scarcely an alteration, 
the several a^gea of iupervision, and was sanctioned by Govern- 
ment. 

The fir«t turf wa9 turned lat* in the autumn of 1864 ; the 
spring of 18<j5 saw the foimdation stone laid ; and the buildinj^, 
tiie construction of which was entrusted to an able young archi- 
tect, Mr. Jacob Neumann, who had already eificiently assisted 
in laying out the pkns, is at present being roofed in, m that in 
the summer of 1867 it can be handed over to the imiversity. 

The new chemical institution is provisionally intended for 
60 students ; the space, however, has been 'meted out $o 
hberally, that accommodation could be supplied witliout incon- 
venience to a nmt^h greater number ; besides this, the building 
has been so constructed as to allow of eidargemciit at any future 
time, by raising a second story, without detracting irom the 
harmony of its Btmcture, 

In addition to the various apartments required for educational 
pur|K)aes, for practical analysis, for scientific and technical in- 
vestigations, and, lastly, for the lectures, there are in the new 
building sets of rooms for the ea'^t^^llan of the institution, for 
ihc/ftmitlus and servants, apartments for three assistants, and 
also a magniticent residence for the director, consisting of a 
suite of rooms which as regards number and extent, couhl be 
very seldom met with in a private house. Lastly, there is a 
considerable mmiber of welbjighted basement rooms, which 
liave as yet no special use assigned to them, but the couHtruction 
of which could not be avoided. 

The various departments of the building art^ spread over three 
floors, the basement, tlie ground iloor, ond the first fioor. The 
first floor, however, extenos over but a small portion of the struc- 
ture, and is exclusively occupied by tlie privufe apartments of the 
director. But few of the rooms devoted to the purposes of the 
institution are foiuid in the basement, as. for instance, the store- 
rooms, the rcK»ms for metaUurgical and other operations requiring 
large quantities of fuel, those for medieo-legal and chemico- 
physiofogical research, &c. All the remaining space intended for 
educational purposes, viz., the la!)oratorie8, witu their adjoining 
rooiiiM for special operations, nud side-rooms, baknce-rtxims, 
rocmis for vohimet rie aiialysiH, combustion-rooms, lecture- 
theatres, the hall forcoDections, the study and private laboratory 
of the dirertor. the apartments of the assistants and other 
oUiccrs of the institution, are, one and all, oti the ground fioor, 
an advantage which woidd not have been obtained biid the site 
of the building been of more limited tlinu^nsions. 

A% the ground floor had to c^mtain no leas than 44 rooms, 
cxc*hiHive of vestibide, corriilors, and closets, its diraeusions 
necessarily became very considerable. Four outer wings enclose 
an area of very considerable size, dirided into four quntlrangles 



or cv)tirts by a rrueifonn interior building. Those part« of th«1 
edifice surrouudmg and two back courts are exclusively devoted 1 
to the purposes of practical instruction in chemical aoaljTita iodj 
researclu The wing of the central structure which sep 
the two front courts from each other includes the 
theatre, with the rooms pertaining thereto ; in the §outh 
side wing of the left front court is the private laboratory c€ i 
dirootor, with the rest of the rooms devoted to his use, 
corresponding north-east side wing of the right front court 
occupied by the apartments of the assistants and other officers- 1 
The ground floor of the front part of the building, lastly, is 
devott^ to the scientific collections of the institution and a small 
theatre for special lectures. 

The main entrance for students, as well for those workiaij in 
the laboratory as for those who only attend the lectures, Im 
the principal side-front facing the city of Bonn. 

Alter ascending the stairs we enter a largo vestibule richll 
decorated. Before the spectator gtretchea a lon^ corridor i 
considerable width, the main artery of the entire building«j 
brilhantly lighted by a number of ^windows on the left sida 
The large folding dwrs at the further end of the cf»rridor, rifiibia 
from aud directly opposite to the main entrance, lead to thtf 
director's spacious study, which is provided with a largo bow- 
window for microscopic observations ; from this central sitUJ^ 
tion the various parts of the great building an* qulcldj r*''* 
easily acceRsible. On the right-side the great corridor branc 
out into three side-corridors leading to the entrances of the < 
prieipal laboratories, each lighted by ten windows, symmetil 
arranged on the two sides, and providing 2u students with i 
than suificient space and every convenience for work- 

Permanent working-places for 60 students, which, as 
mentioned, the in.<«titution is to acconmiodate, were thus Mccurcd 
According to this dispKJsal of the space, the students range them- 
selves in three classes :— 1. Beginners, tliat is to sar* tho»e wha 
having become acquainted with the rudiments of chemistry 
attending lectures, enter the laboratory to become exerci"^^ 
ehemieai manipulation, to make preparations, and to go tl 
an elomentary course of quahtative analysis. 2. Adf 
students, or those who, havmg acquired practice in qui 
ex|HTimcnts, are occupied H-itli quantitative analysis, Ik 
dcral and volumetric. 3. Young chemists, sutticiently 
versant with the principal department of chemistry to engage i 
the original experimental investigations, either suggested ^ 
the director or chosen by themselves. 

A division of this nature, whereby the three classes i 
distributed in separate rooms, seemed expedient for more j" 
one reason. Kot only was it posaiblo to nt up each lab 
in a mamier auitablo to the wants of each particular ch 
the situation of the rooms themselves eould ue so adapted f 
remaining parts of the buildiug as to offer the greatest fa 
\o each di\-ision. And higher still- must Ix' rated the adva 
as regards readier supervision and increased means of i ^_ 
ing discipline in ail parts of the institution afforded by * 
arrangement of this kind. 

The good arising from a large number of students working^ 
together in an extensive institution is unmistakiibU^. If wm 
student have but his eyes open to the work of his neighbourll 
he has opportunities of gaining, in a comparatively short time,] 
an amoujit of experience which, working alone or in companjj 
with oulv a fs.nv, he could scarcely gather during years 
diligent labotir. It is the chemical atmosphere iu which h*^ 
works that promotes his progress^ 

These advantages, on the other hand, cease when the ntimber^ 
of learners exceetls those limits within which personal super 
vision is still possible. As soon as the beginner is no lo 
conscious that he is able to procure help at any uioinentr 
soon as the more advanced student no longer feels thai 
receives individual attention — lastly, as soon a« the you 
chemist, though working independently, is no longer sadsfi 
that an experienced eye watches over iiis steps — Uio chemical 
institution, liowever excellently it may be organised Ln other 
respects, mil yield very small results indeed. It is, ther«»fore, 
of the first importance for the director of such an inatitadon to 
have the necessary teaching power by his side. Aeoori" 
the reporter's experience it is not possible for an assist 
superintend, for any length of time and with sati-^V 
the labours of more than twenty students, A n 1 

experience, the Minister of Pubhc Instruction deciucu iu opp 
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for the Institntion of Bonn three Bcientific assistanta, who, 
imder the guidaneo of the director* are to watch over^ the ex- 
ponmental studies of the students. The disposal of the Htudents 
in t)irec separate lahora tones seemed to accord particularly well 
with this prorision- 

la thes£* throe laboratories the students have their permanent 
working places. To each one ia allotted, for this piLr|)0se. a 
table amply supplied with ^as and water, as well as lock -up 
"rawers and cupboards in winch to keep apparatus, rc-ajrcnts, &c. 

t these working benehcH all ordinary cliemical work and aU 
tperations, not requiring the special arrangements provided in 
other parts of the mstitution, are carried on. 

Turning now our attention to the side apartments attached to 
the three laboratories, wo haye, in the first place, to mention 
three closets in direct eommumcatiou with tho main rooms. 
Thej are in charge of the respeetire assistants, and are int^ended 
for preserving delicate and costly apparatus, platinmn and silirer 
▼easels, expensive re-agents — every thing, m fact, of which 
special care has to he taken. 

There are certain operations wkich cannot he well conducted 

the three laboratories referred to. On this account they are 
■eonnected with a scries of rooms devot^'d to special purposes. 
There arc three rooms, directly communicating with the 
liiboratories, called " operation rooms ; " and here all kinds of 
work, snch as distillations, making of gases, heating of bodies in 

Imrticular gas atmospheres — in short, aU experiments requiring 
argo and coraphcated apparatus, are conducted at the benches 
fitted up in these ro<:>m& or in the "evoporation niches '* let into 
tho walls. In ease, however, on any particular occasion, even 
more space should be required, each operation room communi- 
cates with a covered colonnade, opening towards a back court, 
and fitted up with gaa and water and all the rcmivjiitcs for work. 
From these colonnades the basement of the building, containing 
a variety of rooms devoted to the objects of the institution, and 
more espectaBy the metallurgical laboratories, is accessible by 
means of spiral staircases placed in spacious Bemi-cireular pro- 
jections from the outer walls, Mignts of steps on the other 
hand, lead from the open sides of the colonnades down to two 
back courts lying between the three laboratories, and here the 
ntudcnt finds an additional supply of water in large central 
servoirs, the tabular parapets of which serve as working 
l^enches for a variety of operations. 

Tlie three operation rooms, situated behind their respective 
laboratories, are not of equal dimensions. In apportioning their 
size especial attention hacitobe paid to the wants of the beginner 
and oi the independent worker. The bc^nner who practises 
|Ebe various forma of chemical manipulation, preparing gases, 
Hmking chemical preparations of all kinds, &c., requires ample 
tpAee m which to devtdop his activity. In like manner the young 
cbemiBt engaged in actual research may at any moment want to 
fit up new or reconstruct old apparatus, often of a compHcated 
nature, for the particular obiects of his investigation ; tools of 
the moat various description, hammers, files, rices, &c., are thus 
constantly required, not to mention the blowpipe-table scarcely 
ever at rest. For him too it is of vital importance that he should 
not be cramped in space. For this reason the operation rooms 
t»omiect^d with the two wing laboratories, and expressly intended 
for the classes just mentioned, are made aa large as possible. 
The students of the second laboratory, principaUy occupied with 
qtianttttive analysis, have therefore liad a less spacious operation 
room allotted to them. 3y this arrangement an adchtional small 
apartment was gained^ symmetrical ^vith this operation room, 
aod Hcrving as an approach to a very important part of tho 
institution, viz., the mWatory for giis nnalysia. This spacious 
apartment projects from the middle of the building at the back, 
and is thus almost equally accessible from the three laboratories ; 
it is on the other hand sufficiently removed, more especially by 
the intervening ante-room, from those parts of the building wnere 
the chemical business of the institution is most active, to allow 
of the dehcate measureraenta here mude being carried out with- 
out disturbance. It is lighted by two large side windows and 
also by three smaller windows situated in a central projection; 
bnt all the light coming from the south csm be shut out by means 
of strong well-closing shutters, thus securing to this apartment 
the uniform temperature so important in gaa anaiysis. 

Along the main corridor lies a series of rooms opening upon 
it, and lighted by windows looking into the back courts of the 
institution. Close to tho vestibule, iramecUately to the right and 
lying between the entrance to the first and second laboratories. 



IB, first of all, the volumetrical analysis room, where are kqit 
the standard solutions, daily increasing m variety, as well as the 
graduated vessels. 

The balance room, the next in order* is not only intended for 
the reception of chemical balances, but also of the more deUcato 
physical instruments made use of in analysis, such as air-pumps, 
Ibarymeters, &c. 

Noxt follows a room for fiisions and igmtiona, capable of being 
carried out by means of gas. Here are the necessary appliances 
for the various heating operations occurring iu mineral analysis. 
This room is also fitted up with all the requirements for orjjanic 
iLnalvsis (carbon and nitrogen determination), likewise exclusively 
eouducted by means of gas, and carried on in special '* combus- 
tion niches ' let into the wnlla, and communicafmg directly with 
the outer air by means of wide tubes of glazed earthenware. 
This room also contains the ranges of water ovens required for 
drying the substances to bo submitted to analysis. In these 
ovens, which are heated by the steam of the stula for distilled 
water in the basement, every student has his own compartment 
under lock and key. With respect to the uses of these three 
rooms, they are more especially intended for the workers in the 
middle laboratory j they are, however, accessible to the beginnem, 
Tho balance-room is purposely situated in the middle, and sepa- 
rated firom the laboratories by the volumetric analysis room on 
the one side, and the room for fusions and ignitions on the other, 
BO as to protect as effectually as possible the costly instrumenti* 
of this room from the fumes which, in spite of all ventilation, 
at times escape in a laboratory. Tho situation of the balance- 
room, between tlte two others, afibrds an additional and a by no 
means triihug advantage ; numerous operations preceding the 
weighings, such as drying substances in the water bath, heating 
crucibles, collecting the combustion products in organic analysis, 
Slc, all take place in the immediate neighbourhood of tho balance, 
whilst on the other hand the preliminary weighings, invariably 
forming the first step in volumetric analysis, can be made in 
close pi'oximity to tho room devoted to the subse(^uent stages of 
volumetric obserration. The three rooms thereloro communi- 
cate directly with each other. 

Between the second and tliird laboratories are, in addition to 
a small flight of steps leading to a nimiber of attics over the 
ground floor, three precisely similar rooms, accessible from the 
corridor, and with dciors opening into each other. Of these, the 
one nearest the second laboratory is intended for the hbrary. 

The iimin results of chemical investigation are duly registered 
in treatises and manuals, and are therefore easily within the 
reach of students. But the statements to be found in books of 
this de3cri])tion cannot be more than abstracts, always very 
considerably condensed, and often more or less garbled, from 
the memoirs of the first observers. As soon, therefore, as the 
student has got beyond the first rutUments he can no longer dis- 
pense with original sources of information. The main bulk of 
chemical observation is collected in a series of periodicals and 
journals, the volumes of which are counted by hundreds, and if 
all were collected certainly by thousands. Again, many im- 
portant investigations have oeen communicated by their authors 
to the various academies and learned corporations, and are 
printed in the transactions of these societies. Thus it happens 
that tho btcrature of chemistry, though the youngest of sciences, 
has already attained to very considerable dimensions ; and to 
eolkct the works which have to be consulted in the prosecution 
of even limited investigations in most cases far exceeds the 
power of any single individual. These books could of course 
be readily procured from any public library, but reference to 
original commumcations is but too frequently omitted if the work 
is only to be had by specially sending for it. On this aceoimt 
every chemical school possesses a hbrary, more or less complete, 
offermg to the student a copious collection of original memoirs, 
which ne can consult at the very moment he may requirt? their 
assistance. The use, it may be said the necessity, of such 
libraries is so apparent that students themselves have in a great 
many instances most materially jiartieipated in their foundation 
and subsequent development. In this wtij, from but small 
begimnngs, some most complete collections of chemical works 
have been formed. The reporter, when a young student, had 
the good forttme to take part in the establishment of such a 
laboratory collection, under the auspices of his illuHtriouH mas- 
tor. Baron Licbig, at Giessen ; thia is now the oldest and pro- 
bably the Urgest chemical library extant. In later times he iiad 
the pleasure of assisting in the inauguration of a similar coUcc- 
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tion for the Hoyal College of Chcmiatry, London. Sucli a library 
it is of course in conteraplation to estahltsli for the Bonn lubora- 
tory, nnd already, long Wforo its opening, a number of books 
Imve t'ome in as presents. The sitnation of the room set aparfc 
for their reeeption, between the se«x>nd and third laboratories, 
i> pr M'ldiarly appropriate, becauiie it is more especially to tho 
srijilt ritsonhcsetwo laboratories that the library will be of use, 
wliiLst its slight distance from that part of the institution where 
tlie director carricH on his own researches is likewiao a great 
convenience to him and his assistants. 

The two remaining rooms lying between the second and third 
hibfiratories are a balance room and a room for fusions and 
itTTiitionfJ. With these rooms, on the right-hand side of the 
].'iincir)al eorriddl', terminate the ground-floor apartments in- 
U!nded for practical instruction. We have now only to glanco 
at the theatre and adjoining room;? for preparing leetiires and 
pTe.^erving apparatus^ models^ drawings, imd colleetiona of 
all kinds. 

The students attending chemical lectures in tho German tmi- 
Torsitiefi are always much more numerous than those who work 
in the laboratories, and, therefore, more accommodation had to 
be provided in the lecture^ hall, A lecture room capable of 
liolfliiig 250 students appeared to meet the requirements of tho 
I'nivcrsity of Bonn. An area of 40 feet sq?iare was foimd 
iffullicient 'for tliis purpose, and at the same time to afford araplo 
space for the lecture table, as well as for the free movement of 
the lecturer and his as^ristants. 

In the great leetiiro ball, the seats are arranged like the tiers 
of an amphitheatre, and in the lower part, just opposite tho 
entrance, is placed the lecture table, 40 feet long and 3 feet 
4 inches wide. In the lower part of the wall, behmd the table, 
are the evaporation and ventilation nicbes for experiments^ whilst 
on its upper part drawings and diagrams can be exhibited* Tho 
lecture room is lighted from both nides. so that neither professor 
nor audience is obliged to face tho liglit, an advantage sure to 
be appreciated by any one who has been either lecturer or hearer 
in a room of differt^nt construction. The fourteen windows 
which supply light on either side are arranged at a height of 
rdne feet above the floor of the ball, except tlie two next the 
lecturer, wluch descend to the level of the table, enabling him 
to exhibit many colour-phenomena by means of transmitted light, 
and to employ sun-light, tmder favourable conditions, as an 
agent in his experimental illustrations. 

The theatre communicates with the Inborntory of the lecturo 
assistant by means of two side doors, and a large niche in tho 
centre of the wall. Here everything required for the lecturer is 
got in readiness, and for this purpose all the necessary furnaces 
and benchei4 are provided. In this room larger pieces of 
apparatus can be fitt<"d up upon a table moving on rails, which 
c^n be run through the niche already mentioned in the thcatm 
during the course of the lecture. * This laboratory is lighted 
from two sides, on the north-east by a large window, and on the 
south-west by a glass door coromunicating with a platform \ 
whence a staircase leads down to the front court. These steps 
also communicnte with the rooms of the basement nndemeatb, 
for the storage of compounds req^liring a low temperature, 
sealed tubes containing condensed gases, &c,, and likewi«ie give 
access to a well -ventilated closet immecbately under ihe lecture- 
table, containing a large galvanic battery, the wires of which 
pasf through the ceiling into the theatre above. The room 
where the ex]>eriments for the lectures are prepared is of course 
in close cimnexion with the store-room for apparatus, models, 
drawings, and dingrania; this room likewise is lighted frctm 
both sides, Ftirther on we come to tlie last r<x>m of this series, 
having but one window, which is used for the pre*»prvation of. 
the various documents belonging to the lectures, such as printed 
forms, registered lisU oC students attending, &e,, and where the 
]^r< ifessor may stay before entering the theatre, and receive those 
>;udeut.H after the lecture who wi^h to consult him. This room, 
euUed the lecturers* waiting-room, communicates with the 
mineralogical museum, one of the great halls assigned to the 
?icientilic coUectiona of the institution. This hall, as well as the 
one next to it, which being profusely bghted by six windows 
symmetrically disponed on botli sides, is intended for iho 
|chcmicji! muHcum, is iu the front block of the building. Close 

the mineralogical museum is a small lecture n>om for re- 
apitidations and special lectures to be conducted by the 
t^Hifistunts. 

AI/ the rooms for ipparatus, chemical preparations, &c., used 



in tho lecture* are eituated betweea the two rooms dcroted to 
oral demonstrations, so that all requisites for the lectures cjin be 
conveyed with the greatest ease either to the larger or ihc 
smaller theatre, and back to the collections. It wat* not without 
intention that the museums were somewhat removed from the 
bulkier departments of the institution. The experience of the 
reporter, which is not unUkely to receive conhrmation from 
others, has taught him that the love of research and jteal for 
diacorcry in young chemists, however praiseworthy in itself, is 
at times anything but conducive to tne increase of scientific 
collections. 

The large halls for tho mineralogical and chemical coUcction^^ 
together with the smaller theatre and its preparation room» 
occupy almost the entire ground floor of the Iront block of the 
building. In addition to these are still to be mentioned two 
vestibules, leading the one to the main staircase, the other to i 

the back staircase ascending to the apartments on the first floor ; ^M 
then immediately to the lei't of the north-cast entrance a lodge ^H 
for the house porter; and, lastly, clos« to the south-west ^^ 
entrance, apartments for one of the junior assistants of th# 
Institution. 

Of tJie two sideways, the one stretching out at right angies 
from the left of the main vestibule in the north-cast front con- 
tains the porter's lodge and other apartments while the other 
aide \ring is entirely devoted to the scientific purposea of the 
director, with whose study this part of the building is in 
immediate communication. Of the rooms situated in this wing 
mention must first be made of the private laboratory of tho 
director, which is lighted by four windows. On one side of this 
lies the director's waiting room, accessible from tJie main 
corridor, and communicating with his study by a short prit^le 
passage. Beyond the other end of the pnvate laboratory are 
two smaU apartments, one to be used aa a balance-rot:im, the 
other as a room for ignition, fusions, and combustions. The 
latter has egress to a little portico for experiments required to 
be performed in the open air. , 

The basement is, to all intents and purposes^ a repetition of 
the ground-floor, the great-er thickness of the waUs, however, 
lessening the amount of space to some extent. The r^xiins in 
this part of the building are 12 feel in height from the flt»i>r to 
the top of the areh, aud are sutficiently Itgnted throughout, by 
nTjjnerous windows of comparatively large dimensions. 

Along the main corridor of the basement are two spadoun 
rooms, of which the first is int4?nded for the storage of solid, the 
other for that of bquid re-agents. Both i^tore rooms are close 
to the flight of stairs leading on one side into the ^^o^^r■t^ ,,r, the 
other to the ground- flcxjr, whereby the carriage of to 

the store rooms, and thence to the main body of th Liion 

is greatly fseilitated. The same access ibdity to the floor above 
pertains to the other two rooms along this corridor, and has 
determined tlieir especial uses. In the one nearest to the 
staircase a steam boiler will be set up ; while directly commu* 
nicating with the steam boiler room, and at the same time 
accessible from the corridor, is a large and well light^^d apartment 
intended for rougher kiuds of work, and especially for a general 
wash-room, where apparntus of all kinds can be readily cTeaned- 
For all these purposes the close proximity of the ste^m boUer is 
an especial advantage. In this ro<:»m, moreover, a large press 
will be fitted nji, in the use of wliich tor hot pressing purposes 
tho steam, close at hand, may hkewise be turned to account. 
At the extreme end of the corridor is a fine weU-Iighted room, 
corresnonding in form and size with the director's wt udv on th*? 
floor abf*ve ; this i.s a store-room ibr the large stock of glass aud 
porcelain, under the charge of the castellan. 

The two room** next, in succession are provided for chemier^ 
physiological researches ; the large welbbghted room at the end 
being the lalxiratory for physiological chemistry, whilst the 
adjoining room is fitted up as a stable for the houaiug and 
feeding of animals rcuuired tor the investigations. 

In addition to this laboratory, the basement of the back block 
of the building contains two furnace rooms for smelting op-ra- 
tions, carried on l>y means of coal and coke. The larger of 
these, that situated m the middle, is for students of the seennd 
and third labomtories; while the smaller one i^ T ' ' i.^r». 

These laboratories are purposely located in (he 

greater height of the chimneys of this flat eu- li*r- 

able increase of draught. They are, movcover. i.dy 

UHcd than the rooms on the ground floor. La-kj> , mm uu t and 
dirt invariably attending the use of coal is thus almost cntiwdy 
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excluded from tlic flat above. The furnacefi and appliances set 
tip in these laboratories are of a Taried nature ; among them 
specially protected niches for operations carried on xmdeT great 
pressure, such tkn digestion of substances in s*ealed tubes, &e*, 
deserve particular attention. 

For the storage of the fnel required for the faruace-roomSt 
four coal cellarB haTo been provided* 

With rejijard to the courts themselvoH, it deserves to be men- 
tioned that the two front eo\irts eommunicate by means of a 
thoroughfare cuttiriif the front wing of the cross btulding 
immedfatelj under the landins^ of tlie tlicaire staircase ; in tliis 
manner any one of the four courts can he reached tlirnuijh the 
carriajre-way facing tlie t-own» without entering the interior of 
the buildinjT, Such a disposition is of great use for the preser- 
vation of cleaTdiiiess! throughout, and of absolute necessity in 
order to render all parts of the building accessible in case of fire. 

Attention must still be directed to some of the rooms situated 
CO the basement of tlic front jmrt^ of the middU* wiug. 

On descending from the ground floor to the basement, we 
pass through the vestibule into a large workshop lighted by 
three windows. Here the rougher work required for the 
lectures is performed; here liquid carbonic acid would be pre- 
pared, and here, in a well-ventilated niche, ^jtamls the large 
galvanic battery already mentioned* the wires of wliich, pasiiiBg 
through the floor of the theatre above, communicate with the 
electric lamp, nnw rapidly becoming an indispensable appliance 
of the lecture-table, farther on is a small laboratory for 
medico-legal investigations; it is lighted from both sides, and 
being accessible only to the director and the lecture -assist ant, is 
effectually protected from all xindcsirable intrusion. Beside the 
room for\hc rougher lecture work there is a Bmall cellar com- 
municating with the vestibule, in which compounds requiring a 
low temperature* cx|dosive bodies* such as gases condensed in 
bermetieally-sealed tubes* like sulphiuv^us acid, chlorine, Ac., 
are preserved. Substances readily undergoing decomposition, 
gencratiug corrosive vapours, or in any way dangerous, can thus 
be conveniently excluded from the general collection. 

The external aspect of the new Inbonitories is in perfect keep- 
ing with the scale of gnindetir of the gtvjund plan. The street 
frcmt is 181) feet in length ; tlie side- front, with the main entrance 
for students, has a depth of 250 (vv\. 

Only tlie fi-ont bloeic of the Imilding has a second story; this 
contains a most splendid suite of apiirttuents provided for the 
director of the institution. This residence is richly ornamented, 
and will in all respe(*ts be worthy of the institution to which it 
belongs. The reporter **mnst not enter intu any details upon 
this siibject* but hecannot leave imnoticed the imposing entrance 
Jiall, illnmiiiated by a glass cupola above, and tlic splended ball- 
room, extending through two stories, amply satisfymg the social 
requirements of a chemical professor of tlie second naif of the 
nineteenth century*" 
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By W. E. Cabbett, Enginbbb* 

Tn the general detaU of mining operations, the nitting away 
of the under portion of a valuable seam or bed of mineral te 
facilitate its subseqmmt removal* is at all timt^s one of the most 
lalicrious and dii!icult operations, and is often effected by the 
miner under the greatest physical disadvantages; more especially 
when the seam oi ooal is very thin, and is cut on the ** end " to 
improve its saleable qualities, Thii* ** holeing," or *' bareing/* 
or **kirving," or ''undercutting." is usually performed hy abont 
40 blows per minute from a pick* handled with such experience, 
aii to cut 3 to 4 feet under, at the rate of 1 to \\ yards lineal 
per hour, and destroying mudi of the eoal to make room for tho 
operator, and enable bim to work partly into the hole, to pro- 
duce the reouisite depth for a talJ* 

Tlie speeci and effort with whie!i tkis picking tool is moved, 
combined with its weight, represent the power of one man ap- 
plied in tlie shape of " percuj^sive force/' and this, under advan- 
tageous circumstances, is equal to about one-sixth of a horse 
power. The miner co^ild not, with liis Umited power, toreo his 
pick, or any other .*?liape-d tool into the coal as if be were cutting 
cheese ; be is like the meelianic, who has to chip all his iron 
work with hammer and chisel for want of a nlaning or slotting 
maeliine, and must reduce it by little as best he can, ** in lieu " 
of suitable mechanical expedients to concentrate and apply power 
in a continuous, undeviating. and determined line. Yet the 
mtroduction of planing or slotting mar?bines has not injured the 
mechanic* nor the morticing machine the joiner ; there is amnio 
work which the machine cannot do ; and there are inuumerablo 
mines where no machinery can compete ^ith the skilled miner* 
To apply the power of horses in lieu of manu-motive jyower, even 
tLougfi one horse is as powerful as six men, is practically very 
ditlicult. The power ot both is dependent on the produce of 
cultivated lands ; and the fewer horses required the cheaper the 
necessaries for human sustenance. 

There is yet a far more effective substitute for the power of 
both man and horse, which has been inviting our use for cen- 
turies, in the form of what George Stephenson conctHved to be 
■' bottled up sunshine." A coal-led steam engine, of one horse 
power, is twelve times cheaper tban one animal horse power, and 
our obedient servant for 24 liours daily, consuming the produce 
of uncultivated lands on which the sun shone ages ago* 

Now it is desirable that in many favommbfe circumstances 
this *' undercutting '* operation of the miner should be accom- 
plished indirectly by this steam power» and one of the practit'ftl 
mcthoils of accomplishing this oDJect is tho subject of present 
consideration* 

If one collier had the power of say 18 men, and when necessasy 
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eoidd Ttiake liimself 2 feet liigli, and hold kimself down upon the 
floor of the mine by pressing Lis head against tho roof, and hold 
firm in his hands a kind of cheese scoop in lieu of a piek» and 
eould force it steadily into the coal at the necessary heiglit from 
the floor, and to the required depth, he would then be exactly 
what is in many cases wanted : he would be a traveBing morticing 



mnthino, and do more in one minute than 700 Mows from a bond 
wrought pick cau do, and would, in fairness, demand a Terj stiiT 
wape, winch lie would undoubtedly obtain. 

This Li what tho Iron Man or Hydraulic Coal Cutter acoom- 
pliflhes. '* He " is, if necessary, two feet high, has four legs, of 
adjustable length ; his head is also adjustable to touch the roof^ 
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Fio. 1.— Gioinrs Flaji. Sc^li, | tvcx to i 7oot. 



and he weighs one ton. He is fed by a 2 inch flexible pipe witli 
sober drink, at 3001 ha, pressure* and at the rate of 30 ^edlons 
per minute. 

This water pressure acts vertically on a 5 inch piston pressing 
against the roof, and horizontally on one about the name si^se* 
redprocatiog 18 inches and 16 i<y 20 times in a minut-e. There 
is a pressure of 5000lbs. against r*x»f, and the same pressure 
acting horizontally, forcinjj three " cheese scoops " into the coal. 
These cutting tools are 3 inches wide, and penetrate 4 feet, with 
n power eqim to S horses or 18 men j and this is efTected by a 



consumption of 501b s. of coal per hour to feed the boiler of thf 
engine, which makes the water pressure, and pumps the sanw 
over and over again. Thus this Automaton Iron Man is deid 
fast when forcing the cutters into the coal, and only requirve tf» 
lower his head 1 inch at the return or bock stroke, and adTance, 
which he does algo self-acting, at its termination, half-an-inch U> 
one inch, and then again he elevates his head and is ready for 
the next cutting stroke ; his sober veins being filled by incouh 

Sresaible if not cxhilirating ** water," and retamed therein by fi 
eep Yalye, for the necessary time^ enabling him at that momfat 
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[to defy the roof to crush tim. Tliis Sdf-artiDg, Hrdraiilie, 

I Coal-ctitting Mncbine, or ** Iron Mad," whifli has now been two 

I years at work, h the mrnvTa' b<^st friend : it cloeH not dispense 

VVilh hu labour, bnt perforniR for liim the uiulernittintr, wlndi is 

JIJIKll^^^^s operation, cither in the end or face of eoal, and 

tiBim efficient and economic manner than he con do it bim- 

Belf, The eoal 80 operated on by the Machine does not fall 

forward when beeomm^ detached from the roof, but settles on 

LtKe lower bed, thereby avoiding serious aecidenfs. Tlic saving 

fin coal alone more than pays for the outlay ; and it is pmcticablo 

to cut with the most perfect ease into tlie floor of mine, thus 

prerentiEg all waste of coal whatever — {See Fi^. 3). The size 

of the eoal is improved, the amoimt of slack is considerably 

redueed» and a single seam will yield more by one thousand tons 

of eoal ptT acre, than when worked by hand labour in the usual 

manner. 

Tlie Machine undercuts " holes/' or " kirreg,*' with a man 

and boy em attendants, and completes the work with once going 

over, at tiie rate of fifteen yards per hour, and at any angle ami 

height from floor or rails, being suitable for either *' dip " or 

**rise '* workingfi, and is capable of cutting the thinnest seams, 

I The pressure of water which actuates this apparatu!* can be ob- 

Itamed either from the stand pipes in the pit, or from pumps 

[ attached to any existing engine, or from an engine and pumps 

specially made for iJic purpose. The quontity necessary is only 

what is sufficient to fill the circuit of the pipes, using it over 

again when desirable, as in the Bramali press. Any idea of a 

large volume of water being necessary may therefore at once be 

dLjpellcd. There is also tio leakage whatever. 

Each Machine uses thirty gallons per minute, at about 300 lbs. 
pressure, according to the hardness of the coal or mineral to be 
operatt^d upon, lu cutting the shale of the Cleveland ironstone 
bond, a somewhat greater pressure is found to be neceaaary. 



There is no limit to the pressure of water that may be U8ed» nor 
the distance it may be forced without loss of power, beyond that 
due to its friction along the pipes. The same water pressure is 
also applicable to work pumps and rotative eneines for hauling, 
<&c., ajid other rerpiirements in the rniiu?, at a cGstance from the 
engine power. In cases where there is a fall of water, say of 
lOO lbs. pressure, it can be ** intensified '* by a self-acting Machine 
to 40CUi?s. pressure, to work the coal cutter, but aacrificiiig 
thrive -fourths of its bulk, which is thereby set free. 

The water is supplied in a enntinuous stream ; it is, in fact, 
the medium through which the mechanical power is applied 
direct from the first coal- fed motor, (a Steam Engine and 
pumps) in lieu of the usually -developed power derived from 
vital energy, and applied to tlie hamlle of a pick, eflecting the 
desired object by a series of percussive blows or impacts. The 
power of six men is equal to one horse, and is six times more 
costly ; and the power of one horse steam motor, or engine, is 
eighty times cheajwr than six men. The machine is about three 
horse power; and weighs one ton, and will work either right or 
left. (See dotted lin<!S on ground plan). It is self-acting in aR 
movements, and will ascend the steepest gradients ; being 
simple in all its pnrts, it is not liable to get out of order, and is 
easily managed by an ordinary miner, and transported from 
place to place, on the ordinary rails, about the mine. 

Although the length of stroke of each cutting tool is eighteen 
inches, the practical cutting length is sixteen inches, ana, con- 
Bcquently, the three cutters jointly give a total cflective depth 
of lour feet at each stroke of the machine, finishing the work as 
it goes along. The mechanism employed consists of an 
Hydraulic reciprocating Engine, adjustable to any height and 
angle, havmg a self-acting valve motion. The cylinder is four 
and a-half inclies diameter, and lined with brass, and the piston 
made tight with ordinary hydrauHc leathers, easily renewable. 
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ithin the piston rod is attached the cutter bar of steel, 
cwrying the twds or cutters. These can be varied in number 
to suit the depth to be holed at one operation. The cutting 
tools are of double sheer steel, easily made, and very strong, 
and can be removed and replaced in a few moments ; they are 
readily sharpened on an ordinary ^rindstono» Tlie cutter bar 
ifl also removcablo, when transporting the machine from place 
to place, for which purpose the main cylinder is, for the time 
being, placed longitudinal with the rails. (See dotted lines in 
Fig. 1)^ , , 

The machine in operation fixes itself dead fast upon the rails 
during the cutting atroke, and relea.ses itself at the back or 
T«*tiim stroke, and traverses forwards the requisite amount lor 
the next cut» without any manual labour. Should the tools be 
prevcutcd making the full stroke at one cut, tliey wiU continue 

make more strokea at the same place, unt U the maximmn 

'pth is attained, when, " only *' the Machine will traverse 



itself forward tho ref|uired amount for the next cut. Tlius, at 
one operation, a uniform straight depHi is attained, paraUci with 
the rails, inducing an even fracture when the coals ai-e brought 
down, and thereby a straight line for the new coal face. There 
is no percussive action, either against the nxjf or into the coal, 
but smiply a concentrated pressure, ppcMlucing a steady recipro- 
cating motion, at titeen strokes ucr minute. There is conse* 
quently, no dust or noise, and uttle wear and tear. For the 
same reason, when cutting pyrites, the tools throw out no sparks, 
and the workman can hear any movement in the coal or rtM>f, 

The required height from tiie hne of rails in the ** holeing," 
" kirving," or *' burcing," varies in different mines, it follows 
that the hydraulic cutting cylinder, and its direct action cutting 
tools, have sometimes to be arranged above the carriage, and 
sometimes beneath the main carriage, or close down upon the 
sails , as is 11 Ins I rated in Figures 1 and 2. Figure 1 is the main 
carriage, with four wheels iar enough apart to allow the machino 
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to be placed long^itudinally when bein^ transported from pkce 
to ^laec. Tlie screws tV arc? for raising and loweriug the 
carriage and its cylinder and cutting tools. The pinion z and 
the segmental rack h re^nilate the desired angle of tiie tools 
cuttin)^ into the coal faee, and the two nnts at each end of 
carriage, xj*, repilate the angle reouired, when necessary that it 
aluUl not be in the fiame plane as tlie rails. 

JUA arc the cutting tools, I* the cutter bar, K a guide roller 
for the !»ame ; d h the main cylinder* with its self-acting 
hydraniic vbItg motion, which passes a purtion of its water 
altematively above and below the piston of the holder on, wliich 
thua rises and falls without percussion, and follows the luieren 
line of the roof of mine, so that the required stability is given to 
the machine for the time being, an instant before the cutters 
enter the coal, llie " holder on piece " can be any length ne- 
ce^ftary to bridge over gaps in the roof: it in lo<:»se on the pin f 
and droops at its ieathng end to enable it to ride over the 
Tttrying proicetinns in roof. The traverse motion is actuated 
by the pm b, which connects cutter bar with pittton rod* and at 
the termination of each end of its stroke actuates the lever d in 
lK>tli directions, whicn operates on the pall e which causes the 
ehaiu-pulley to revolve on the chain i, made fast ahead by an 
anchor-prop between door and roof. 



ON TliE HEIGHT OF EOOMS. 

TO TBI ll>lTO« Of "TRJI CTtlh 13tOt3r«E» IKD ABCBmCT's JOV*JtXU'* 

Sill, — I forward the enclosed paper to yoii, thinking tlmt it ia 
likely tc» be of intt^rcst to architects. 

My object ha^s been to show that perfection, or something 
approachmg thereto, is possible, in fixing the proporHous of 
rooms, by which word is to b*^ understood not only all kinds of 
private apartments, but also public halls, thentrea, &c, I am 
perfect!}^ aware thatthe theoretical perfection of the cube, the idea 
mtveloped in the first part of my paper, is no novelty ; but, since 
it forms the comer stone of my theory, I have deemed it 
advisable, before going further, to demons! rate that it is a sound 
8tc»ne and one on which we may safely build. 

As to the practical results to bo looked for, I venture to hope 
that the sugge.'ilion I 'make will be found to extort an inlliience 
on the design of public buildings and country houses ; but, su 
lon^ as the staircase forms a necessary 1^'ature in a house, t he 
limit of available space must unavoidably dwarf the rooms in 
town structures. 1 am, &c., 

1, Dorset Place, N-W. H. N. Cbellin, Ju>\ 



lu order to solve the problem of finding the ratio which 
should obtain between the plan and elevation of a room, we 
have tirst to ascertain whether there bo any «>uch thing as a 
body of perfect propurtions. 

Ivow pi^rfeetioa, we must bear in mind, is completeness ; a 
»tate in which there is neither dcfcc^l iiorri'diuidancy ; a syinmt'try 
such that nothing can be cither taken away or added without 
deterioration, if not destnictinn. Making use of this definition 
as a test, we discover two forms, each perfect ; the cube, amimg 
those bounded by straight lines ; and the sphere, among those 
bounded by curved liues. For our present purpose we have to 
do only with the first. 

The cube is a form the proportions of which Eire perfect, inas- 
much as it atlmits of no alteration ; there is perfect hnrranny 
among all its parts — each side is equal to eveiry other, each line 
to every other, — so tluit no one part can be eilher diniinislicd or 
increased without causing absolute destruction of the cube. We 
adopt this form then as our standard. 

Il therefore the four sides together with the top and bottom 
of a room be made ecpial each to each, the proportions thereof 
will of course be perfect. But that all our rooms should consist 
of a nnmber cubic spaces would be not only monotonous but 
praciically imnossible. We have then to discover some for- 
nuda by whicli we may determine the pertect hc*ight, or the 
height which in proportion to other measurements moat nearly 
ap}>ronrlies perfection, of any paralle!oniped whether cubic or 
not. And we enn discover tins only by observing the ratio 
which the height of a cube always bears to the area of the base 
or «ide on which it stands. Now we know that this is in- 
rarittbly : As the sciuare niot of the area of the side is to the 
. ^rt*a of the side j consequently, given a superficial square, we 



SCO at once that the line of height to be adopted, in order 
erect upon it a cube, must be the square root of its iirr&. W^ 
apply this to any parallelogram. 

Let It be a mom, the length of which i a to be I*, and 
breadth of which is to be B. LB is then the area of its floor! 
and V L ^ should be its height. For thus, not only does thj 
height ^'^LB bear tlie same ratio to the area of the floor LH 
whether those letters represent equal i*T ime<jual quantitiefi, m 
whether the room be cubic or not, but also, the volume LB^ 
-v/L B bears the same ratio to area of floor L B, whether that 
flotir be a square or other parallelogram. 

I append the following as illustrations:^ 

House of Lords : 9U feet long, 45 feet broad. 4o feet higk 
Height according to formula : 90 x 45=4050. y '^*^*^=*53'tiS fL 

House of Commons; 75 feci long, 45 feet broa<l, 4l feet higk 
Height according to formula : 75x45=3375. v 3375=58'09 ft, 

Guildhall : 152 feet long, 50 feet broad, and 65 fret high.. 
Height according to formula : 153 x 50=76UO. v^7600=87-l7 iu 
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Effjfptian ^r/cl'jr.— Professor linger, in a paper reeentlv coniH 
mnnicated to the Impt^rial Academy of Sciences at Vien 
shows that Eg^'ptian bricks possess a !ip€»eifll interest, 
they cimtnin a variety of evidence preserved, a* it see- 
in an imperisliable form. In his latest researches he 
examined a brick from the pyramid of Dashonr, which dati 
from between 3,4<X) and 3.300 b.c, and found inb«'ddi* 
among the Nile mtid or slime, chopped straw, and sand 
which it is composed, remains of vegetable and aninlal fot 
and of the manufacturing arts, entirely unchanged. So \ 
feetly, indeed, have they been preserved in the romp, 
subslance of the brick that he experienced but little or 
dillieulty in identifying them. By this discovery Pn^f. UnjL,, 
makes us ac*ciuainted with wild and ciUtivatod plants which wcfi 
growing in the pvramid building days ; with tresh wator shelh 
fishes, remains of insects, and so forth, and a swarm of orgai " 
bodies, which, for the most part, are represented wilho 
alteration in Eg^^it at the present time» Besides two 8i:>rta i 
grain —wheat and bariey— he found the tclf. the field pea, 1 
common flax, the la!t^?r uavmg, in all prr^babUitv, been cult* 
a.s uu article of food, as well as for spinning, the weeds \ 
the familiar kinds: wild radish, com ehrysanthcmum, wart 
nettle-leaved goosefoot, bearded harems ear, and the eomniO 
veteb. The relics of manufacturing art consist of fragments < 
burnt tiles, of jjottery, and a small piece of twine, spun of fla: 
and sheep's wwil, significant of the advance which eirilizatio 
hnd made more than five thou!*and years ago. The presence 
the chopped straw confirms the account of briekmak rug as | 
in Exodus and bv Herodotus; and the whole subject is 
interesting that it is pleasing to know that Prof, Unger intend 
to follow it up. He is of opinion that, by careful cxaminatiool 
of a large number of bricks, some light may be tlirowu om ihtl 
origin ot Egyptian civilization. 

Public Worla in Nem S^mtk Wales. — A sum of £10,000 having 
been voted hj the Parliament for the improvement of the rivet* 
Miirray, Murrnmbidgecand Darling, active measures have been 
taken for carrying out the work. Clearing parties hare been 
formed for cutting away and removing the snags and otherobfttmc- 
tionsthat impede the navigatioiioftherivers. An extensive schenw 
of improvement to Darling Harbour has been proposed by the 
Engineer-in-Chief for Harhonrs and Eivers, and submitted 10, 
the Government. It is nropoHcd to eonstriiet a range of wharvn 
to enelose the whole of the head of Darling Harbour, with a vinr 
to the establishment of a railway terminus there, and in eonnee" 
tion with it to dee]>en the whnlc of that part of the had 
twenty feet, so that vessels of the largest class may lio ati 
the wharves to diselui rge or take in cargo* In the event 
sehenu* being carried out, many of the large London shi] 
goods tor the country would doubtless discharge at oue o\ 
whar\^cs, where they would be enabled to transfer cargu frvca 
their holds into railway trucks without any intermeiiiate r^irnnie; 
and they would also be in a position to take in, from t! 
trucks, the produce of the country. It is the intend 
chiefs of the works di'parlmi'nt to have, if possible, all die im^rd 
important public works in the colony photographed for thf }\ni 
Exh i hi tio ii of 1 8R7 . Th i s wo u I d un th > u b i ed I y be one i ^ 
eficctiial means of exliibiling the importance of tho t. 
the progress made within the hiat few years. 
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STAIKCLIFFE CHUECH, YOKZSHIEE. 

{With on JEngrttving,) 

TiTE iMJCompanying riew sLowb the exterior of a church now 
commoncing at StaiDclifie, in the parish of Batley, to supply the 
WTints of a new district. The architect is Mr. CrosslaDcl, of 
Leeds, and the contracts* which are let oat to difl'ereut trades, 
a« is the local custom, will, with some additions, render the cost 
of the building about £'7,0<)(>. Of this num, £5,000 lias been 
already rained in the n(*iehhourhood. The walls are of «lresHcd 
at4>ne, and the roofs will be e*:)vered with Westmoreland slate. 
The Rite, and a donation of i^OO, have biitm given by J. B, 
Greenwood, Esq. 



EECENT IMPEO^^EMKNTS IN THE APPLICATION 

OF CONCEETE TO FOiEPIiUOF CONSTilUCTION • 

By Mb. J. Ingle. 

Amongst the various methods of fireproof construction aR 
applied to the floors, eeilings, and roofs of buildings, which 
have been in use within the last twenl j or thirty years, those in 
which concrete forms the fire-resisting medium have been most 
frecniently adopted. The main rea**on for this preference, no 
dotiDt, is that the horizontal form in which it is generally 
diMpoHcd suits lK»Ht the requirements of modem construction. 

Brick arches, though used almost without exception to carry 
the fliDors of the large fire -proof mills and warehouse b of the 
manufacturing districts, have disadvantages which almost pre- 
clude their use in buildings of a more general or domestic 
character, The^ require walls and ffirdera of great strength to 
sustain their weight and to withstand the outward thrust which 
they exert, and the depth which they occupy on account of their 
rise, when added to the board and joist arrangement above, and 
the ceiling underneath, is so great as to involve a considerable 
increase of height in the building to obtain the same clear space 
between tlie floors and ceilings of the rooms. Of the systems of 
firr proofing in which concrete forms the chief element, that of 
r^. Fox and Barrett is the one wluch haa been moit 
^ -ively used. 

It consists of a series of bght rolled iron joists fixed 2 feet 
apart, nptm the lower flanges of which are placed fillets of wood 
at inteirnJa of an inch or an inch and a-holf Upon these a 
soasfl gf (concrete is thrown^ the depth of the same being 
reflated to some extent by that of the iron joists, the concrete 
being generally brought up flush nith their upper flanges. 

The whole is (lim pavi-d, or covered with an ordinary wood 
floor upon light sleeper joists. The underside of the floor 
recctres a second series of wood fillets nailed transversely to the 
first, and at intenals of 12 in. or loin,, and upon these the 
^e^Oing is then formed in the ordinary manner. 

The concret-e used in tbijji construction, in common with all 
others in which ordinary lime forms an ingredient, is not strictly 
irpeaking, a fire-proof body. The cementing matenal which 
occupies the interstices between the fragments vf «tone or gravel 
becomes, like ordinary mortar, in setting, a weak carbonate of 
lime, and like the stone, from which it was onginallv burnt, is 
lanced by calcination to a state of lime. This eflect would 
undoubtecfly be produced upon nny lime concrete which formed 
part of the constniction ol a floor exposed to a severe con- 
BagratioD. 

The application of water to lime in the caustic state converts 
it, of course, to a hydrate ; and whde undergoing this change it 
assumes double its original bulk and falls to powder. The eon- 
■eqiienoes, therefore, which might naturally be expected to 
ensue from tlio play of water from the fireman's hose upon con- 
crete floors in a calcined statet would be the oierthrow or 
fracture of the outer walls by their expansion. ISonie of the 
numerous int*tances of the destruction oy fire of buildingsi, 
which were supposed to be secure from that danger, are 
probably owing to thi.i circumstance. 

I have more especially alluded t^ this radical defect of ordi- 
nnry concrete as a fire-proof medium, because, in the system 
wltirh I am abont to describe, a kind of concrete is employed 

* B«»d ftt Ihc UtiiiMh ^tiooiadoti, 2lottui|;haiii, Hm. 



which rct-ains its cohesion and a eonsidcrable portion of iti 
original strength, though water be thrown u^Kin it while in & 
rt'd-liot state. 

This method is a local inTention, and is known aa " Dennett's 
fire-proof construction." I shall i^peak first of the composition 
of the concrete, and then proceoa to describe the manner in 
which it is applied. 

Gypsum, known chemically as the snlphate of lime, and 
which iii one of the moat perfect non-conductors of heat, is the 
most important constituent of the concrete, and is used in lien 
of the ordinary lime as its cementinj^ material. This gypsum, 
however, unhte that manufactured into the plaster of jParis 
which is used for oniamental purjioseR, undergcics a thorough 
calcination. The latter is simply roasted in ovens, the finer 
lumps of gT|>9nni being carefully selected for the purpose. The 
effect of tniB roasting is merely to drive off so much of the 
wnter which enters into its chemical composition as to allow the 
gypsum to be ground by millstones. 

The rapidity of setting which is peculiar to this kind of 
plaster is owing to the fact of its hai?in|f but little water to take 
up in order to resume a Htate of oonsobdation* 

For the manufacture of the plaster used in Denni'tt's concrete 
the coarser qualities of gv^sum are used, such as in fact, except 
for this purpose, would be thrown aside as mere waifte. These 
inferior qualities are largely impregnated with clay, with the 
bedin of which it alternates, and this clay when burnt becomea 
the very kind of material which i.^ afterwards added artificially 
in the mixing up of concrete. 

For tliis purpose any hard material possessing a high degree 
of porosity is used : such as furnace drosses, oolitic stone, or 
broken brick. The latter being in most cases readily procurable 
is generally used. It is necessary that all dirt and dust should 
be carefully screened out ao aa to prevent the choking of the 
pores of the brick. 

The sizes of flic lumps are graduated so that the smaller ones 
shall fin up the interstices of the larger. By this means, and 
by considerable force used in consolidating the concrete, it is 
inade to consist of a large proportion of the hard material, and 
its strength is much increased by the proper observance of these 
precautions. 

Some coDsidenible time h occupied by the concrete in setting, 
as a great amount of water is required to be taken up by the 
plaster on account of its thorough calcination. 

When the setting j)roocs8 is complete a degree of hardness ii 
attaioed, however, to which that of ordinary plaster of Paris 
will bear no c^imparison, and wliich is equal to that of the best 
cements. 

The form in which the concrete is generally applied to the 
eonstruetion of fl(,)t«rs is that of an arch, or series oi arches, with 
smaU rise. These are formed upon temporary centres, which 
may be removed after an interval varying from two to six days, 
according to the itate of the atmosphere and the size of the 
arches. 

Spans of from 6ft. to 12ft. can be bridged over in this manner, 
the thickness of the arch varying fn:>m 3in. to Sin, in the crown, 
and from 5 in. to lOin. in the haunches. Rotled or rivetted 
iron girders form the intermediate supports of the arches, while 
the outer haunches rest Upon projections or corbel courses 
in the brickwork. Floors of corridors and cottage rooms can 
be formed, however, without the aid of any joists or girders 
whatever. Of course the arch form presupposes a certain amount 
of support from the abutments, but frf>m tlie transverse strength 
and thorougldy homogeneous character of the material very 
Lttle if any lateral thrust is exerted on the outer walls. 

If a wood iloor is required, sleeper plates and light joists and 
boards are laid in the ordinary way ; but if there i^ no necessity 
for this kind of finish, or if it is dcBirable to make the upper sur- 
face fire-proof, the haunches of the arches may be filled up to a 
horizontal line and pared with stone, tiles, cement, or aaphalte, 
a« may be desired. 

The ehenpe^t and best kind of paving, however, is that which 
may be tormed by the concrete itself To do this the poroua 
material I is graduated in size until the surface can be fijiished 
with the trowel. This surface can be executed in various tints, 
and with diflerent degrees of polish. 

For bedroom floors tliis method of finish is particularly 
adapted; it is cleanly, non-absorbent, free from vibration, and 
therefore comparatively noiseless ; and what i'a a very important 
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oonaideratioti, parti calarly in the crowded districts of large 
towns, afibrds no harbour for vermin. Any objection which 
might exiat againflt these floors on the score of coldness may bo 
removed by placing a sheet of hair felt or matting of cocoa nbro 
under the carpet. 

Floors of coarse plaster laid upon reeds or hithB on the 
ordinary joiRta were formerly very common, and are still used to 
Bome extent in Nottingham and other towns of the Midland 
district ; and it is no doubt owing to this CLrcumstaneo that the 
defltrnction of a dweUing-honse by fir© is liere a matter of very 
rare occurrence indeed. 

The mode of finishing the underside of these floors dependa 
upon the character and architectural requirements of the buililing, 
F't^r banks, oflic-es, hospitals, and maiiv other publio buildings, 
there is often no objection to the curvcLl surface which the somts 
of the arches present, and which are moreover, well ajlapt-ed to 
receive coloured decoration. Where, in buddings of a more 
domestic character, a flat ceiling is indispensable, a series of 
light joists to receive the ordinary lathing is affixed to tlio lower 
flwigea of the girders* Ah these form no part of the niaua 
oonstmction of tko floor their destruction in case of fire would 
not impair the stability of the arch, which forms the fire-proof 
medium. 

With regard to the strength of the concrete, very severe tests 
were applied to some of these arches at the new town-hall at 
Hackney, under the din^ction of the district surveyor, and with 
very satislactory results. These experiments were tried with 
reference to their capacity for sustaining dead pressure, and also 
with regard to their resistance to impact. In the latter case a 
rough block of stone weighing 2501b. wras dropped from a height 
of 14ft. upon the centre of an arch which was but 3 Jin. thick in 
the crown, and bruised but did not break it; while another block 
weighing 7501b., let fall from a similar height upon an adjoining 
arch, went through tinth a clean fracture, causing no disturbance 
of the general construction. 

Some further idea of the strength and capabiliticR of the 
material may be formed when it is stated that vaults and domes 
have been executed therein at the new Foreign Offices, of spans 
vitrjTnp from 10ft, to 36ft. The vault of the latter dimension is 
aemi-circulor on the section, and the concrete is 9 in. in thickness, 
with occasional ribs and groins to the side windows. 

Mr. G. G. Scott, who first adopted this method of construc- 
tion seven years ago for the thorough fire-proofing of Kelham 
Hall, near Newark, the seat of Manners Sutton, Esq., speaks of 
it in the folioinng terms : — 

**I have made use of Messrs. Dennett's material for fire-proof 
arcliing, and though I have happily had no practical experience 
of its efficiency as against fire, 1 can bear witness to its strength, 
and its extreme convenience of appUcatiou. 1 have made use of 
it in positions in which I should have found it difficult to intro- 
duce any other fire-proof material, and it has this atlvantage, 
that the arches constructed of it are so entirely in one mass that 
they cover the space bke a compact shell or inverted basin, and 
are consequently almost wholly free trom lateral pressure." 

The cost varies, of course, with the distance of the place whore 
the system is adopted, from the localities where the gypsum is 
ciuarried, but in most parts of the country it is found to bo 
Reaper than anv other method of fire-proofing, while in the 
immediate neighoourhfXjd cottage floors can be formed at a cost 
less than that of ordinary wood construction. 



TRACTION ENGINE. 

A train drawn 1>y a locomotive on the common roads has 
recently arrived at f^aris. The locomotive has a tubular boiler, 
carries a tender, a water-tank, and foot-plate in front of the 
engine. The engine is on the top of the boiler ; it has two 
cyfmders* with reversing gear. It is worked from the front, by 
means of a guide-wheel, which is moved by one man; it works 
with ease and perfect regularity; it can turn in curves of a very 
small radiui*, and can follow all the windings of the road. This 
engine, travcUiug on a level road, or on one that presents do 
gradients of more than three per cent,, draws an aetual load, 
after deducting the weight of the waggons, of twelve to fifteen 
tons, at a speed of 2 J to ijj miles per Jiour. It draws at high 
spiked, nine or ten mdes per hour, a clear weight of from one to 
four tons and a- half. The waggons nrc^ coupled one to another 
as well as to the locomotive, by a mode of coupling wliich allows 
them to follow all the movements of the engine, however much 
jt lunj der'mi^i ijrom the straight line. 



BAIL WAY ENTKEPEISE IN ITALY. 

I^ Italy there will be shortly working 5,235 kilometres, or 
about 3.271 English miles^ of radway. Eesides the oompLetiaa 
of the Venetian lines, which will reach in a few daji as far at 
the borders of Illyria, and 302 kilometres recently finiahad is 
the valley of the Tiber and the Arus, that is to say, AmxHiA^ 
Qrte, and Monte vncehi Torricella, within two months there will J 
be opened to the publie 317 kilometres of new line, namelypl 
those of Pavia and Cremona, Bresica, Mesina. and Oaiaiu^] 
thp completion of the Aretuna and Fcrrara and Rovigoy' 
which includes the temporary bridge over the Po. Within a 
month Florence wiU be dirootly umt^d by railway on the 000 
side with Ilome and Naples, and on the otlier side with Vcnetia 
and the Frtou ; the working of the Italian raUways wiU then 
begin to acquire a syatemafciG character- They wiU have ftjp 1 
basis two ^reat lines without interruption; the one, l»0eOl 
kilometres in extent. wiU traverse the peuinsulation Udine U>1 
Naples, by way of Padua» Ferrara, Podetta, Arezzo, Fohgno, ] 
an«I liome* ancf will cross at the Bologna station the other Enepj 
1,200 kilometres in length, and which already unites 8usa witl&| 
Lectje, by -tvay of Turin, Alexandria, Piocenza, Mode&a, Himininl 
Anoona, Ban, and Bridisi. 
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ON THE CONNECTION OF PLATES OF lEON ANBl 
STEEL IN SHIPBITILDING. 

By NathjlI^iel Barnaby, Assistant Conatruetor of H.M. Navy.1 

Mtrcn yet remains to be done to make iron shipbuilding 
perfect art, and there is» perhaps, no one step remaining to oe 
taken in the path of improvement more important than that of 
substituting? a yimple and efficient means of joining plates by 
welding, should it erer be discovered, for the present system ot 
rivetting* The lo3s of strength caused bv the present system is 
considerable in iron, but appears to be still more serious'in steel. 
It fornis, in fact, the great bar to the introduction of this most 
promismg material into ships of war. As an illustration of thiir 
one or two of tlie many experiments which have been made by, 
the Admiralty at Clmtham Yard on Bessemer steel of the besi? 
quahty may be given. A piece of steel 4 feet long and 12 inches 
broad was cut from a ludf-inch plate, of which the proof strength 
was 33 tons per sq^. inch. This piece was reduced to 5 inc£e« 
in width at the middle, was support^id at the ends by sqnara 
plates rivetted to it, and was carefuDy centred. I^ho plate 
should have broken at 82^ tons, and thLTongh the narrow p*rt* 
It actually broke at 95^ tons, and then, strange to say. broko 
through the wide port of the plate, tearing away throuj^h t 
rivet holes. Thus, whde the material in the middle of th« 
plate withstood a strain of 38 tons per square inch, it actual]/ 
broke through the holes at 16-38 tons per square inch, or h>s§ 
than one-half the strain. 

In a precisely similar plate, differing from the other only in 
the fact that the rivets connecting the end pieces were IJ inches 
from the edge instead of %\ inches, the plate broke in a gimilar 
manner at 7tJ tons, which is only 15 tons per square inch of tJ»e 
section of steel broken. The holes in both these caaes had be«i 
punched, and m order to ascertain whether these curious results 
were due to tlie injuries supposed to result from punching, an 
exactly similar arrangement of plates was again tried, in whidk 
the holes were, as in the first, 2^ inches &om the edge, but 
were drilled instead of being punched. The plate tlum broke 
through the narrow jmrt at 10675 tons, or 47*53 tt^ns per squiro 

inch of the «teel broken* I do not propose to drawTI 

inferences from the erperimenta detailed, or from the series 
which they tbrm part, turther than this, that all which I propos3 
to advance concerning the nccessitv of bestowing greater atfen. 
tion on the comparative strength of different modes of connecting 
plates intended to give tensile strength, is even more appUcable 
to steel than to iron. Admitting, then, that for the present at 
least, we must bo content to connect iron plates by rivets placed 
in holes pun(!hed or drilled out of the material, and, therefore, 
by the sacrifice of a considerable portion of the strength of the 
plate, it is manifestly the duty of the engineer and shipbuilder 
to study to make this connection with a^ Uttle sacrifice of, 
strength as possible. In every such connection, the tensilo 
strength of the plates across tlie outer Hne of holes, of the butt 
stTap or straps across the inner line of holes, and tlie resistance 
of tne rivets to sheajing, should bo all equal, Two plates may 



be (soimectedt for example, bj butt gtraps^ ao as to reduce the 
•trength of the plate by one hol« only. The strength of tho 
Beveral parts has in this case been estimat^^d on the assumption, 
verified by careful experiment at Chatham, that the shearing 
value of a J BowKng nvet, including friction, and taken either 
singly or in c^niunetion with others, u 10 tons, and that of 
riveta of other aiametera is in proportion to the squares of the 
dtameters ; also, that the tensile value of the iron uetweon the 
holes is reduced in proportion to the number of the perforations, 
and that this reduction h about 25 per cent, when tlie holes are 
pnncbed three or four diameters apart. 

This description of butt Btrap is of no value in shipbuilding, 
because the stringer and tie plates, t-o whieh it might otherwise 
he applied, have to be perforated between the butts by row* of 
holes to connect them with the beams. In such plates, in order 
to economize material, it h tlxerefore desirable to reduce the 
Amount of fastening at the beams as ranch as possible. I do 
not think it necessary to punch a way for this purpose more than 
t of the iron : the remaining strength of the iron would then 
probably be | X f ^ Jths of the wnole, so that the straps con- 
necting them should also give Jths of the full strength of the 
plates. Any greater strength at the butts would, of course, be 
thrown away. If the butt strap has to be caulked, this pro- 
portion of strength cannot be retained, as the rivet holes must 
then be placed ncjirer together. I take, for example, the con- 
neetion, by means of a butt strap, of two plates } inches 
thick and 12 inches wide, bi wluch the rivets are 1 inch 
di«iiet4>r, and are spaced three diameters apart. Tlien we 
pnnch out J of the iron, reduce the strength of the re- 
maining iron about one-fourth, and have left only i X f 
= ^, The tens do strength of the plate at 20 tons to the 
inch is 180 tons, and the tensile strength through the holes 
sbout &0 tons. If the connection is matlo by means of a f^ingle 
gtran, the value of the rivets will be about 71 tons ; and if by a 
double strap, 142 tons. No appreciable advantage ooidd be 
obtained from a second row of rivets in this case, unless the 
afpacing along the edge could be increased. If the rivets are no 
nearer together than is necessary for caulking, a second or third 
row could give no advantage, except in enabling us to reduce 
the thickness of the butt straps to less tlmn the thickness of the 
plate, by reducing the number of rivets in the inner row where 
the butt straps are obliged to break, None of these con- 
Biderations are new, but they have been so much n<?gleeted that 
those who are familiar with them will justify mc in thus ne- 
stAting them. But there are certain other considerations equally 
important, which have altogether escaped the notice of ship- 
builders. Let U.4 suppose that we have a stringer or tie plate, 
tlie strength of which is, at the beams, and at the butts, ^ of the 
full strength of the plates, and that we have no means of 
increasing tlic strength at these jJoints. Have we any means by 
which we can, without altering the strength at these points, 
increase the tensile power of the plate ? I think the auswer 
wcmld generally be, wo have not— tlie strength of the tie will be 
measured bv the strength at the weakest place, and this strength 
is fixed. Wliat I want to show is that this is not the case, and 
that we have overlooked an import^mt element of strength, 
which is conducive to economy of material. Take the case of a 
stringer or tie plate crossing a number of beams, say 3ft. 6in. 
4pert, at each of which the strength is reduced to Jths of the 
rail strt^ngth of the plate. If this plate is brought under the 
action of a steady stram it is a matter of indifference pn^etically 
how many such points of weakness there may be, and how 
much stronger the material may be lining between the weak 

r points. But when strains are suddenly applied, we have to 
consider not only the number of tons required to break the 
weakest section,*but the amount whieh it would stretch before 
breaking. It is, in fact, the work done in producing rupture, 
"vii. ; the force applied, multiplied by the distance through 
^whieh it acta, whicli is the true measure of the resistance to 
Lpture, Under these circumstances no elongation will take 
ioe in the strong parts of tlie plate lying between the beams ; 
mil aH be thrown on the weak points ; and if any one of these 
weaker in any sensible degree tlum the rest it wiE be con- 
d to that puint. Thia being the case a large increase of 
er may be obtained by reducing the strength of the plate 
reen tne weak points to the strength at these points, or even 
less^ than this, prorided we get long spaces of uniform 
to give elongation. 



To illustrate this I will refer to some experiments madd 
Chatham with armour botts, with reference to a proposal 
Captain Pallisor's. The proposal was to apply to armour liolts, 
having screws cut on them, the well-known principle that the 
bolts would bo strengthened at the screw thread, and become 
less liable to break by a sudden Jar, if the bolt, or a portion of it 
beyond the thread, were reduced in section to the same area as 
the iron left uncut at the thread. 

The experiments referred to> made under mj own careful 
observation, showed — 

1. That iron bolts of good quality and of uniform diameter, 
subjected to a steadily increasing strain, elongate before breaking 
about one-fifth of their origiiml length. 

2. If the diameter is not uniform, but is decreased through a 
portion of the length, then the reduced part elongates about one- 
nfth of its length before breaking, and the larger portion 
scareelj stretches at all. 

3. If this reduced part is very short, a^^ in the thread of a 
screw, the strain required to break the bolt, is the same per 
square inch of the unstrctched or origiual section as in the 
previous cases, but there is scarcely any elongation before rupture. 

4. If the whole length of the bolt is made to the reduced 
diameter of the screw thread, so that the thread projects from 
the bolt, the breaking strain {gradually applied) is the same 
before, but as the bolt wiE stretch one-fiftn of its length befc 
breaking, it becomes thereby less liable to rupture by a sudden 
blow, because, as akeady stated, the work done in producing 
rupture is in proportion to the weight or strain applied, midti- 
phed by the elongation or the distance through which it is 
applied. 

Tlie details of one portion of these experiments were as 
follows :— 

Four bolts were taken, all made of best selected scrap iron, 
for the purpose of the experiment, and all of the same diameter, 
viz., 2i mches ; screw thi^ads were cut in tlie ends of these, and 
nuts fitted. Tlie other ends were formed Tf^ith heads, leaving a 
length of 21 inches between the heads and the nuts. The four 
bolts being thus as nearly alike in every respect as they could 
be made, two of them were reduced Jc>wn on the anvil for a 
length of 4i inches in the middle of t heir length, to a diameter 
of 1| inches, whieh was the same as that of the iron remaining 
within the screw threads. The two other bolts retained the fuB 
diameter throughout. They were broken in the hydraulic pi 
with the following results :— 
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The fact tlmt the strains of p-eatest ma^itnde in a ship 
sudden in their nature, makes the principi*' under eonsi deration 
one of no alight importanee, beeause we see thiit by its application 
we are able to increase the time during whieh a given force must be 
applied in order to produee rupture. As the nrnt^^rial is disposed 
at present in iron decks, and stringer and tie plates, the plates 
are perforated in the lines of the beams, not oidy by the holes 
required for the rivets to attach the plating to the beams, bur 
by the deck-bolts which secure the wooden deck lying on tlii> 
iron plating. The loss from the iron punched out, and the 
weakening of that which remains, amounts, on the whole, to 
from 30 to 40 per cent, of the original strength of the platci 
These lines of weakness oceur at intervals of about 3 feet 6 inchc^i 
and between them the pkte has its full strenj^h, except where 
butt occurs. 

Tlu! consequence of thia is that when the deck is put in tensioj 
the Htretching is confined to these weak places, and the amofu 
of work which the whole combination is capable of doing befoi 
rupture is extremely limited. In order to remedy this state oj 
things, I propoao to remoro all the wcM>den deck fastening froa 
these wealt places, and put it on either side of the beam. Th< 
number of rivets for attaehiug the plating I also propose 1 
reduce i By this means a strength of pUting is obtamed acroi 






* At th» iJiOQUet vfh«t« there w«s m tUght dtftot* 
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the lines of rivotting of about three-fonrtlis of the ftill strength 
of the plates. The next thing to be done is to reduce the 
strength of the plating between the beams to the same amount. 
This might be done by cutting holes in the plates ; but instead 
of this 1 propose to omit the Dutt straps, and to arrange the 
plates so that in each of these spaces there shall be a contmuous 
series of butts and plates, in the proportion of one butt for every 
three plates. In addition to this reduction of material, I pro- 
pose to leave intervals between the butts of about one-third 
the distance between the beams, so as to get long spaces of 
uniform strength between the beams. 

The length of the intervals between the butts will be de- 
termined by the number of rivets which can be placed in the 
edge of the butted plate between the beam ana the butt, as 
there must be suificient to break the plate across the beam. 
A short piece of edge strip on the under side doubles the 
shearing value of the rivets, and allows about one-third of the 
distance between the beams to be admitted. The advantages of 
one system over the other are, I think, the following : — 

1. In the ordinary system one-fifth or one-sixth of the iron is 
punched away : by that proposed only one-ninth or one-tenth is 
punched out. There is from this cause a gain in direct tensile 
strength, to which must be added an increase of strength in the 
iron between the holes. These are together equal to about 12 
per cent. 

2. The strength of an iron deck under compression is limited, 
not by the area of section, but by its resistance to buckling 
between the beams. According to the ordinary mode this is very 
small, since it is quite free to bend downwards between the beams. 
But by spacing the deck fastening, as shown, at inter\'als of about 
2 feet instead of 3 feet 6 inches, the tendency to buckling would 
be reduced. The wooden deck would thus, both by its own 
direct resistance to compression, and by the support it gives to 
the plates, play a most useful part in compression, although it 
is powerless as against extension when in connection with iron. 
I therefore conclude that no loss of compressive strength is 
incurred by the holes in the plates. 

3. All the holes for receiving the deck fastening may be 

Eunched, whereas if the fastening is in the beam flanges, the 
oles for them must be drilled either in the plates or in the 
beams. 

4. The expense of cutting, fitting, punching, and rivetting butt 
straps is avoided. "WTiero the material employed is steel, the 
gain is more considerable, as all the holes in the butts of the 
plates and in the straps have to be drilled to prevent the injury 
done by punching. 

5. Tlie weight of material admitted at the butts amounts to 
one-seventh of the whole material employed. 

6. There is a gain in strength against injury and rupture by 
the action of sudden forces, the amount of which is not sus- 
ceptible of calculation, but which, being in proportion to the 
extent of the spaces of uniform strength which have been 
introduced, is, I think, very considerable. 

The novelty of this proposal may be said to consist in so 
arranging the iron or other metal plates forming the flanges of 
girders, bridges, and other structures, or employed in decks, 
partial decks, stringers, or ties in a ship or vessel, as to make the 
tensile strength of tlie imperforated plates, intervening between 
adjacent butts, equal or nearly equal to the strength of the said 
intervening plates taken together with that of one of the butted 
plates where they are perforated, i.e., across the row of holes 
made for the purpose of attaching the plates to the beams, 
angle irons, stineners. or other iron framing, and by this means 
rendering the use of butt straps in such combinations unnecessary. 
In other words, a section through the plates between the beams 
or stiflfeners is made to have, without butt straps, about the 
same tensile- strength as a section through the fastening at the 
l)eams or stifTeners, for the purpose of forming spaces of imiform 
tensile strength not greater than that of the wealcest place in the 
combination. In these intervals elongation will take place (to 
an extent depending on their length) before the materials can 
be ruptured, so that an increased amount of work >vill require to 
be done by the operation of a given strain in i)roducing rupture. 
.Vlso, in increasing the resistance to rupture under sudden strains 
in single plates, by reducing the tensile strength throughout 
certain intervals between the beams, angle irons, or stifleners, 
and approximating to that at the Ix^ams, angle irons, or stifleners, 
by cutting out portions of the plate. 



I am aware that iron decks are not nsed in merchant TesBels, 
although they are in all iron war ships built for tho Admiralty, 
and I consider it to be false economy to substitute, for guch decis 
or partial decks, stringers on the ends of the beams, tie plates 
near their middle, and diagonal braces between them; as I think 
it clear that from the round up of the beams, and other causes, 
a considerable portion of this material is unable to succour the 
rest when the top of the ship is put in tension or compression. 
Tho strength of wrought iron in extension and in compression is 
about the same, yet the bottom of the ship is usually made 
enormously stronger than the top. Some iron ships, indeed, 
have no proper top, or only a wooden one. Much of the 
strength of the bottom, which might otherwise be made available 
in giving strength to the ship, considered as a floating girder, is 
thus wasted. 

I hope that the economical considerations pointed out may be 
not only useful in lightening and strenthening ships designed, 
for war, but in inducing private shipbuilders to mtroauce partial 
iron decks, so formed, into ships designed for commerce. These 
proposals do not form the subject of any patent. 



THE PAEISH CHURCH, BIRSTAL. 

( With an Engraving,) 

BiBSTAL, a place of some importance a few miles from Leeds, 
has a large parish church, upon which the work of restoration 
and enlargement has been started. The plan is unusually large, 
and consists of nave and chancel, with an aisle on each side ex- 
tendina; the whole length of the building, while an extra aisle 
on each side occupies the length of the nave only. A small 
tower, situate Tvithm the building, rises from the west end. The 
style of architecture partakes largely of the " Perpendicular." 
but in the new features the " Decorated " style has been followed. 
This is particularly observable in the aisles and clerestory 
windows, which are being reconstructed. The chancel is of 
very " Late" character. The architect to whom the restorations 
are entrusted is Mr. W. H. Crossland, of Leeds. 



THE WORKS OX THE MOJS^T CENIS TUNX^EL.* 

By Thomas Sopwrrn, Jun,. C.E. 

This tunnel is to be the completing link of the Victor Em- 
manuel railway, which will put France in direct railway com- 
munication with Italy, and place Turin within eighteen hours* 
journey of Paris. In June, 1863, the railway was opened on 
the French side to St. Michel, in Savoy, and on the Italian 
side to Susa, in Piedmont. Modane, near to which is the 
French, or north entrance to the tunnel, is about 10 miles from 
St. Michel, on the * grande route ' to Turin. Thence the tunnel 
will pass imder the Col de Frejus, about 18 miles west of the 
actual Mont Cenis, coming out in Italian territory near Bar- 
donnSche, about 24 miles from Susa. The traffic is at present 
conveyed from St. Michel to Susa, a distance by road of about 
60 miles, by the * grande route ' originaDy made by the first 
Kapoleon, and known as the Mont Cenis pass, the lowest of the 
Alpine passes. When the tunnel is finished, it is not unlikely 
that postal communication and traffic with India may be ad- 
vantageously transferred from Marseilles to some Itahan port. 
By referring to a map it will be observed, that tho line of rail is 
nearly straight from Paris to Ma^on, Culoz, and by the tunnel, 
to Turin ; it afterwards continues by railways already opened, 
or in course of construction, to Ancona, thence to Brinisi. on 
the east coast of Italy. A north-west wind prevalent at Mar- 
seilles and in the Mediterranean, more particularly during the 
winter months, makes the entry and * beating up * to that port 
extremely difficult, and sometimes obliges the captains (^ 
steamers to abandon the direct line from Malta, and to keep 
along the coast by the South of Sardinia and Prance. 



♦ Paper read before the Institution of (Hril fngincen. 
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The advantages tliat ini|3jlit be e3g>ected to arise, from the 
eatablislmieiit of railway commumeation between Italy and the 
regt of Europe, have not been ondeirated ; and Italian cajt^tneeru 
hsLVBf for more than twenty years, considered various projects 
for OTercoming the natural ditfieulties whicli inteTcepted it. Of 
tbe proposed routes, that selected seemed to be the most feasible ; 
and, indeed, it wa.s only a question whether the mountain should 
be cTOB8«d by a aeries of inclines, with engines specially adapted 
to them, or whether atimnel should be constructed. 

In 1857. MM. Sonimdller* Grandis, and Grattom. engmeersr, 
who had already siurveyed the line of railway now adopted, and 
who were then engaged upon other worts in which compressed 
air was employed, broughtlx^fore public notice a plan for using it 
to drive machmery for replacing the ordinary method of boring 
by hand-Ubour. Expt*riments, at the expense of the Italian 
<5t)venmieDt, were made near Genoa with machines on this prin- 
ciple, and with compressed air as a motive power. These were 
no satisfactory that a Commission was appointed to examine how 
far these machines wer© applicable to tne proposed tiuineL as 
well as to ascertain if there was suiEcient water-power for com- 
pressing the amount of air necessary for workmg thera. An 
abundant water supply having been Ix^and to exist at each end 
of the proposed timnel, and the report being otherwise favourabk% 
the project was accepted, and, pending the construction and 
erection of the machinery, a commencement was made, at both 
ends, by ordinarjr mining, in the beginning of the year 1^8, A 
carefnl examination of the geological features of the district 
showed that no particular difficulties were to be apprehended Lu 
the rocks to be pierced by the tunnel, these being, for the most 
part, micaceous, and talcoae schists, traversed by strings and 
reins of lime and quartz. It was preditTted that a*Wd of quarts, 
100 metres thick, might bo encountered near the north enn ; but, 
so far as can be judged, the * forehead ' is already in advance of 
the place where it shoidd have occurred ; so it is to be hoped 
that some change of inclination diverts it altogether from the 
line of the tunneL The ordinary difficulties of mt^cing a tunnel 7| 
miles in length are in tlus case much increased, on account of 
the impracticability of sinking shafts on the line to ventilate it ; 
and its progress must necessarily be slow for the same reason, 
only two points of attack, the ends, being uvaOnble. Without 
being sanguine tliat, by the aid of macbineiy, the time which 
would be required to make it by ordinary means could be 
greatly reduced, the work would perhaps never have licen 
undertaken, as, judging from the Ui<ua! rate of progress in such 
eases, it must have required from thirty to forty years to com- 
plete it. It was feared, and tirgcd as an obiection, that the 
ventiktion before the tunnel was finished would be so imperfect 
as to prevent, or at least materiaOy to retard, iti construction. 
Hie Author never entertained any apprehensions on that 
account, as the ventilating air-current in many coal-mines 
pagttes over a longer distance* and far exceeds in quantity any 
possible recjuirement at Mont Cenis ; and by the mtroduction 
either of a norixontal or a vertical brattice, the tunnel may be 

f laced under the same conditions as many parts of a coal-mine, 
t would have been almost impossible to employ any other power 
than compressed air for worlang the machines m tte * forencad/ 
which affords, after its escape, a supply of fresh air to the work- 
men, and by expanding from a greatly reduced bulk to its former 
Tolmne, and consequent absorption of heat, the temperature, 
when the men are at work, is considerably reduced, seldom 
eiceeding 70** Fahr. It is nlso readOy applicable for general 
parposes, and small engines for pumping, tic, are driven by it. 
Ga8 made at the surface, is used for lijc^hting the tunnel at the 
Bardonn^chc end, and is introduced by pipes up to the * forehead.* 
The tunnel, on leaving Modanc, is of the following dimensions : 
26 feet 34 inches wide at the base, 26 feet 2^ inches wide at the 
broadevSt part, and 24 feet 7i inches in height, the arch being a 
•roieirele nearly. At Bardonnfiche the height is increased ll-J- 
_iches, and the arch is made elliptical, to resist the greater strain 
caused by a different inclination of the strata. The exact 
length between the ends is 7*^932 miles, or 7 miles, 4 furlongs, 
7 chains, 9 jrards. The present ends will not, however, be the 
actual entrances when the tiumel h finished* To avoid sharp 
cur^*es, the line will leave the tunnel alwut 415 yards from the 
tgc Modane end, and 273 yards from that at Bardonneehe. 
Tne tunnel at Modane is built entirely with stone ; at Bardon- 
neche the «ide walls only are of stone, the arch, with the 
exeeptioD of 327 yards at the beggining, being of brick. The 
northern entrance, at Modane, it at an elevation of 3,945 feet, 
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and the Southern entrance, at Bardonu^che of 4,370 feet, above 
the SG&. There is a difference in level thereibre of 434 feet 
between the ends. On this account the tunnel will lejive 
Modane with a rise of 22*20 per 1,0(}0, or about 1 in 45^, and 
will continue so for one-half its length, when it should attain 
the elevation of the rails from Bardonn^che, which are to have a 
rise towards the middle of 050 per 1,000, or 1 in 2,000 oidy. 
The highest point on the siirmce in the line of section is 
1^,525 feet above the level of the sea. When once the work ie 
completed it is expected that there will be a constant draught 
from the north to the south, as the latter is not only higher and 
the air more rarefied, but it is exposed in a greater degree to 
the heat of the sun. 

Before proceeding to state the rates of progress made by the 
ordinary means, and those obtained since the introduction of 
the machinery, the Author will give a brief description of the 
system of tunnelling pursued at Mont Genis, as a general idea 
of this system is indisjie usable for the appreciation of the state- 
ments which will shortly be made ; and he wiU reserve for 
subsequent consideration more detailed notices of the machines 
employed. The establislmiont at each end of the ttmnel consists 
of machinery for compressing the air, workshops for making 
and repairing machinery, othcea, storehouses, residences for 
the engineers, barracks for the workmen, forges, &c. At 
Modane the entrance is about 328 feet above the bottom of the 
valley, up which the railway passes, and where the workshops 
are placed. The railway, to gain this elevation, makes a 
* detour ' up the valley. The entrance is, however, in direct 
conmiunication with the shops, by an inclined plane, with two 
lines of rai.ls, worked by a water-balance, the inclination being 
about mf. 

Experiments and attempts have already been made, both in 
England and in America, with a view to introduce raaehinery 
for tmmelling. but never with complete SECoeBB. In England a 
machine introduced by Captain Penriee, BJS., was made and 
tried near Newcastle-upon-Tyne, and was afterwards used by 
the Ebbw Vale Iron Company. It was intended to bore a 
gallery about 4| feet in diameter, by means of a frame with six 
radiatmg arms, or ribsp finished with cutters Iked on a shaft 
worked direct ^m a steam cylinder, making as many as one 
Imndred strokes, or blows, per minute. By this system 
the wliole of the material extracted would be in the form of 
chippings and coarse grains, and in thus reducing it to so small 
a size, much Tuinecoiaary work would be pertbrmed. Any 
means of ttmnel ling by machinery, in which the power afforded 
by the expansion of gunpowder is not made available, must fail 
to be economical. M. Somraeillcr's system has the great 
advantage of using it. His object has been to apply machmery 
to bore small holes to receive tne charges of gunpowder, and to 
do this in less time than can be accomplished by hand labour. 
This has been effected by mechanism of very mgenious con- 
struction, Cjomposed of two distinct machines. One is a fixed 
rotary engine, and its duty is to work the valve of the larger 
cylinder, to advance or witndraw the latter on its frajne as may 
be required by the increasing depth of the hole, or to allow of 
the borer being rejjlaced, and, finally, to give a rotary motion to 
t]i(.' borer itself. The other uiachine comprises a larger cylinder 
for propelling the tc»ol, or borer, against the rock, the tool or 
borer being a direct continuation of the piston rcKl. The piston 
rod is large, and a constant pressure is kept on the annular 
surface of the piston* to return it after each propulsion, 
without the use of a valve with double action. The air for 
driving these machines is at about 5 atmospheres above atmo?»- 
pheric pressure, and each machine makes two hiuidred and 
fifty strokes per minute. The pressure on the piston in striking, 
deducting tliat required to overcome the constant pressure on 
the other side, is 216 lbs. Calculated bv the pressure of the 
air, and the number of feet travelled by tne piston per minute, 
each of these machines is of 2A H,P»; presuming, as the 
Author believes to be the caae, that the coujpressed air is not 
used expansively, or out ofl' before the end of the stroke. The 
teagth of the stroke may be varied from 2 inche?* to 7 J inches, 
ana the ihameter of the cylinder is 2 J inches. Each of these 
machines weighs about G cwt. A stock of the machines is kept 
on hiiTul to replace those that are injured. The work is so 
severe that, although simplified as much as jK)!5sibIe, the 
machines are still liable to frequent derangement. On an 
average, after eight or ten * shiils,' or, say, after boring from 
sixty to eighty holes, a machine needa repacking, and perhaps 
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tEo replacing of tome working part. It mav not perhaps be 
too much to say, that four machmes must be kept in renerro Cot 
one that w working. The cost of each machme is about £80, 
A Btrctng iron frame, weighing with tho apparatus it carries 
16 tons, pr^mded with levers, crossbars, adjusting screws, &e., 
moves on rails clo8e to the * forehead,* anti on it are fiiced tL<5 
machines. Each machine can be made to work at aljuost any 
inclination ; but us, in doing so, it is likely to interrupt the 
efficient working of the others, the holes may practicanly be 
consich^red aK bcMiig bored nearly horizontal, an increased number 
making np for ftiif loss on account of their not being so well 
placed as thi'y mignt have been. This is not so great a disad- 
vantage as it may appear at first sight. Miners consider it of 
great importancr that the holes should be so situated as, when 
explodi'd, to lead to the disruption of the largest quantity of 
matter. It is, howeverj of eotial importance at Mont Ceni», 
that the rock brought nwa}' should not be in large pieces, as a 
longer time woidd then be required to remove them, and possibly 
in some eases, the pieces might have to be again broken up by 
blastintr. The frame CArries at Modane eleven machinest and at 
BardonnAche nine machines. The size of the advanced gallery 
is ulM-mt 10 feet sqtiare : but an experiment is being made with 
a gallery of 7 feet fiquare, in which case the necessarily smaller 
frame can only cairy 7 machines* If this is puee*.»8sful the 
system will be much more |;ractieable, and will be an important 
consideration for mining proprietors; as the original size of 
10 feet square, if indispcnsiiblt? to the efficiency of the machines, 
is too great for ordinary mining galleries. Behind the frame 
there is a truck, bearing wrought-iron vessels tilled with, water, 
which is kept at a pressure of about 5 atmospheres, by biMUg in 
conmjUMieation with the compressed air, and is used for the 
jetSi one to each machine, which keep the tools cool, and 
remove the borings. The air is conveyed along the tunnel in 
pipes about 7f inches in diameter. 8ome distance from the 
• forehead ' a caoutchouc pipe conveys it to a small reservoir on 
the hinder part of the frame, from which it is taken by 
caoutchouc pipes, about 2 inches in diameter, to each macliine. 

Each time of working, or *shift.* about eighty lioles an* bored. 
Wlien the«e are completed, the frame and maelunes are with- 
drawn, and nnother set of men charges and lires them, again 
relieved by olhers, who remove the rock shot down. The 
divi$(ion of time amongst them is very variable. It may, 
howerer, be asatimed aa from 

6 to 8 hours for the machinist, 
IJ to 2 „ „ charging and firings 
3 to 5 „ „ removing * dt^blais, 
or harflly two complete 'shifts' every t went y-four hours. In 
Jtinc, 1863, during twenty-seven working days, forty -six 'shifts' 
were worked ; except, as in June, when there was a fete more 
than usually popular amongst the workmen, and when the works 
were suspended for three days, for the F6te d' Italic, the works 
are continued day and night, without interruption, Sundays 
included. An alignment is made once in three months, from an 
observatory at cnch end. As yet no error has been detected. 

The frame is provided with an engine, worked by compressed 
flir for advancing it intjO, and withdrawing it from, the * fore- 
bead." At the completion of a *■ shift ' it is withdrawn from 60 
yards to 100 yards, U> the shelUT of some doors, removed 
from time to time as the * forehead ' proffresaes. When it is 
again required, it can be taken to the * torehead ' in two or three 
minutes ; fm'ing to the length of borers used, 6 feet is quite 
near enough, and once there, little time is required for setting 
the machines to work ; within live minutes, two or three per- 
haps are in operation, and in ten minutes nearly all. Three or 
four large holes iJJ inches in diameter, are tiored about the 
middle of the * forehead ; ' the remainder are about IvV inch 
diameter nnd 2 feet B inches to 3 feet deep. The larger holes 
arc the same depth, but are not charged, their purpose bein^ to 
ease the olhers only, and to increase the eflectol their explosion. 
The holes r<:tund these larger ones are the first charged and 
fired, making a cavit}" in the middle, or * laying in ' as it is called 
by miners. The remainder are exploded in turn from the cavity 
outwards. Tlie workmen^Piedmontese for the most part— are 
hardy and courageous under circumstances which require more 
than ordinary pt*rseveranee. An inducement to work is given 
in a premium upon more than a certain advancement per day in 
the advanced galler}*. The distance on which the premium is 
}*ai*ei] varies i^ith the nature of the rock. The titaniWd ii^ now 
J mdtre per ihy. 



For liftr metres liV day's wages are paid 
n Xi . U 

II Iflf ,. Ittj „ 

„ li^ and above, \\ „ ^, 

This is reckoned and is subject to adiustment erery fortnight. 

For removing ' debUts * produced Oy explosion, then? are tw<? 
lines of rails at Modane, one on each side of the line whieh 
carries the support and the machines. It is removed in small 
wagons to the end of the advanced gallery, is there tipped into 
larger wagons, and i» thence taken by horses outside the tunncL 

The removal of the products of exx)fo8ion is very well organised, 
and coidd only be improved by a syiJtem of removing en mtut^e, 
which woidd be ditncult to carry out. It may be possible, 
however, to construct an iron frame running on wheelM. to ho 
placed at the * forehead ' at the time of explosion, which would 
receive the greater part of Uie products of eiLplosion. and tlus 
is now under consideration. Much time would be Bave4 if such 
a system were praetinible. 

Before giving some data as to the number of men enipl*jjcd, 
the progress, Ac, a few words must be said about the machinery 
for comprt^ssing the air. Water is the motive power for this 
purpose, and a system of applying it has been adopt*'d by M- 
Sommeiller, wliich though novel, is expensive in conatruetion 
and erection, and not very effective. A eanal, about 2 miles 
long, brings the water at Bardonn^che to a height of 85 feet 
above the level of the machines. At each end there are t.en 
machines of the kind about to be described. Each machinis 
communicates by a pipe, 24 inches in diameter, with the 
reservoir of water above, as also with a wrought-iron vessel, of 
boiler shape, and about 610 cubic feet capacity, one being 
attached to each machine. The air is compressed up to § 
atmospheres above atmospheric prt^ssure. The compressed air 
introduced into tlie reservoirs is Icept at a constant pressure of 
6 atmoapheres by a water pipe from a reservoir with tliat pres- 
sure* A pipe, 7} inches diameter conveys the air from tlw 
reservoir to the tunnel. Tlie joints of this pipe are very light, 
bt^ing turned and a caoutchouc ring compressed in each. The 
pipes rt»st on rollers, carried on stone pillars, and expansion 
jomts are introduced occasionally out^de the toimelj where the 
temperature is variable. 

This system of compressing air (a coup de beUer) i« al^ 
estabbshed at Modane; but there was a further dii'^ r 

tliat place, in not having water available at a suificieni 
although there was an abundant supply at a lower Icvti. M. 
Sommeiller therefore carried out the smgular idea of UHing the 
same machines as at Bardonn^che, to avoid the additional con 
of constructLnR others of ditfereut dimensions, although in doing 
so he was obliged to erect a large cistern, near the n " 
bouse, 85 feet above the machines, as at the other end 
tunnel, and ^nimp the water into it, for effecting the compi 
by means ot wat<?r wheels, at a greatly increased cost 
atruction, complication of machinery, and loss of poi 
more to be regretted as a subseauent intTtnluction of pumps ft 
compressing the air, worked direct from water-wheels, gavt 
better results and were cheaper. 

The system last introduced at Modane, consists of a horiiOtttal 
pump, with a vertical branch at each end, worked by eonnectiaj^ 
rods from the cranks of a water wheel; two such pumps hc^^ 
worked by each wheel. The pump is 21 i inches uiameLer, ain 
the stroke 5 feet long. Each makes 12 strokes per minute, and 
each is capable of sending more air into the reservoirs than an# 
of the other more complicated machines, and with a leas eip€iK 
diture of power. The piston is surrounded by watrr, which 
rises with each stroke of the piston, in the two vertical branche* 
alteniatcly ; the variation of pressure, or resistance agai 
wheel, is very considerable, increasing, of course, towai 
end of each stroke ; a heavy fly-wheel is therefore placed 
each water*wheeL This system is obviously to bu prefer 
the other, in any application of machinery to be uaed for 
pressing air. 

Such being a general description of the machinery, both for 
compressing air and for applying it to th© advancement of ' 
tunnel, the remainder of tins Paper wiH be oon£ued to _. 
ments of, and eonsidcrations on, the prc»gress actuallj msiie, 
to be expected, in comparison with that already madr« uaikf, 
nearly similar circumstances, by hand labour, — the pi ' "" 
duration of the works, — the number of workmen em^( 
and the principal points of an agreement mAde betweett 
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and Itatj, on the acquisition of Saroy by the former country, 

Lwhen nearly half the section of the timtipJ bpeanie Frent^h terri- 
toTv ; but the Italian Government imdertook the responsibility 
of fmisiiiijj? the whole of the works. 
The Author haa twiee had the pririlege of visiting the works 
on the Mont Ccnia. The first time was in the itutiimn of 1860; 
the Heeond wa« in »Tuly of 1863. At the dati^ ot* bis first vii^it, 
machines had not been applied at either end. The mnehinery 
"Wa;* fir!*t iipplied at BardonntVhe, in the be^nnin^ of 1861, and 
at Modane on the 25th of January, 18(>3. As before stated, the 
tunnel waa commenced by ordinary means in the beginning of 
^1858. 

^fe The following are the rates of progress in the advanced 
^gallery :— 

MODAITE. 

Hand labomr * From 1858 to end of 1862, 6 years, 1-655 feet 
per day. 
I Maehine.t From January 25th, 1863, to June 30th, 1863, 
^^L 166 days, but 153 working days only, advancement of 
^P 171-25 metres = 1119 metres, or 3'686 "feet per day. 
Bardonneche. 
^Haod labonr. From 1858 to end of 1860» 3 yeara, driving 

1724 mfetres = ;6612 metre, or 2;148 feet per day. 
On the introduction of machLnes in 1861, bnt little progresa 
was made, oiling to the breakage of comprfsning machinery 
(170 metres about). In 1862 tliere waa an advancement of 380 
■fetres ^= 1 040 m^tre per day, or 3*411 feet per day. 
The following notes of advance at IModane were copied from 
"the aliift book of the Mining Engineer, in which every detail 
relating to the progress made ia entered, and afterwaras taba- 



1863, January 25th 

31st ( 6 days; 



Feb. 
March 
April 
May 
J lint- 



28th (28 
31st (31 
30t!i (30 
31 St (31 
SCHh (27 



) 



per moutli. 

4-43 
23-31 
3444 
3143 
38-80 
38'85 



Total l<*ngth of 

Adt»nced GaUeiy 

eompIfrUod. 

931 metres. 

925-43 

9iS-74 ,. 

983*18 
1,014 60 
1,053'40 
1,092-25 






January and Febi-uary apart, when the men wen^ unaccustomed 
the new work, it seems that the mte of progress was r206 
>tre,or 3*953 feet i>er day, and taking June alone, 1-439 m^tre, 
or 4*719 feet per day. In June there were 46 shifts ; tlie mean 
pnigress pt»r shift must then have been '8445 m^tre, or 2769 
feet. Comparing the progreiss made from 1858 to 1863 by hand 
hour ('5047 metre per day), with tbat obtained during the 
entire time the nmchmerv lias worked (1*119 metre per day), 
the latter is in the proportion of 2-217 : 1. Or, what is fairer, 
considering the disadvantages the machines laboured under 
before the workmen wt^re disciplined in their use, taking the 
progress in January and February apart, 1206 metre per day i 
the proportion is 2*389 : 1, and taking June only, 1*439 mi^tre 
per day 2"851 : 1, or nearly 3 to 1 at Modane^J 

The above progress was, both in the case of machine and 
.aniial labour, in a gallery 10 feet square, 11 maehines being 
loyed, of an aggregate force of 26 ^ H.^.^ estimated by the 
iry rule applied to st-eam engines. 
Pbobablb Duration of Wohk. — Juno 30th, 1863» 
1,09225 metres had been pierced at Modane 
1,450*00 „ „ Eardonn^che 



2,542-25 
9,677-75 



in all 

yet to complete 



12,220 00 metres,— Total length of tunnel. 
Assuming the progress to be as in June last, at the rate of 
1*439 metre at each end, 9 years 2i months will be required from 



* Fvfpfritig to prerioQi notoi, tli» Aothor findii it meniioofNd tliit *t the d*tci 
of hia tlr*i viait to Modane, twelve miners w«>re conflt&ntly oiifnH?*^ in driTing th« 
advanced f^nUrry ; there vrere tbr^e »eU, ««ch working; »ight bouni ; at Bardonnecbe 
twetitT minen per shin were bo 4*jnp1oTed. 

t T1i*> pTojrre« at Modane, tino<* t'h^ intrfwitu'tion nf inachiii«rj, ■eemi bett«r 
than at the oth«r «iid. It inn«t bo rpnMrnben^d that it was oriw applied tbero two 
jean after it* iniTodacb*on at Bardonneche, wb^^re thd firtt aod'freatAtt difflooltttf 
ooDMqiieiit to applying nfw maohine* wt«re to be contended with. 

X la making toi»M ealculationA three darn are lubtract^fd in Jaoe, in which tbo 
WOTti win' •utptmded duriniaf the Fete d'f talie. Ho aUowanoe it, haweve^, made 
ftar delafB for repairing machinerf , or air-pipca, dtmo^ whkh the worki hutQ bwtl 
■nqmnded for a few boura ocoaiionaUj. 



June 30th, 1863. Inriew, however, of the greater facility with 
which ^he machines will be worked when the men are more 
habituated to them, and of better results when their power is 
increased, as is now proposed, and tlieir construction and applica- 
tion simplified, although quite aware of the increa.^ed dLiEeultieH 
to contend with as the * forehead ' advances, the Author thinks 
it probable that an advance of 2 metres per day will shortly 
be made at each end. A great delay i^^^ now caune J by the length 
of time renuired to remove the *d^blais/ If indeed a system 
were introduced for removing the ' deblais en masse, instead of 
by small waj^ons, then 60 shit ts might be worked per month, and 

2 metres would be a moderate estimate. That rate at ejich end 
would require 6 years 7 months only, comporetl with 26 years 

3 months at the rate ('6047 m^tre per day) made at Modane 
before machinery was introduced. 

The advanced gallery is enlarged to full tunnel size, and walled 
by ordinnry means. A conduit ia made between the two lines 
of rail, for drainage. 

Any favourable judgment on the results obtained at the Mont 
Cenis must be racKlified by the consideration of the enormous 
cost of establishing and working the present system at that 
place, as well as ilio: Inrt^e number of workmen required. Of 
the cost of the establishtnent it would be dilhcult to make even 
an approximate estimate. The machinery was nearly all made 
at Seraing, near Lii^ge, 

The expense of applying M. Sommeiller's system depends, 
necessarily, very much on local conditions. And although ig- 
norant, as he haH already Haid, of the cost of establishing and 
working it at Mont Cenis' the Author wiO endeavour to institute 
a rough comparison, between the cost of boring any large tunnel 
by machinery and by hand labour. In this he is greatly assisted, 
by having been able to obtain some inlbrmation about the num- 
ber of men employed under the present system, which he believes 
to be reliable. As first in importance the men in tlie tunnel 
wiO he enuoierated. In the advanced gallery at Modane. the 
machinists work a shift of from 6 to S hours and are relieved by 
eliarges, who in turn are replaced by men to remove the 
* d(?blaia.' A second set of machinists follows the latter, but the 
same charges and labourers serve, their work not Lusting long. 
There are therefore 2 sets of machinists, 1 set of charges, and 
1 set of labtDurers, The machinists for 2 shifts amount to 88, or 
44 per shift. The charges to 9 per set. The labourers for 
removing the deblais ' to 30, making a total of 127 in the 
advanced gallery. 

For enlarging the tunnel there are three sets of minora per 
twenty-lour hours, and two sets of masons, all working eight 
hour shifts, in number amounting to 34 J, which added to 127 
previously enumerate d, makes a total of 471 employed under- 
ground. There are, however, stone-dressers, quarry men. black- 
smiths and labourers at the surface to be taken into oeeount, 
increasing the number at the tmmel and entrance to 700. Tlie 
establishment below, workshops, machinery, canals, &c,, aflbrd 
emjjlovment t<» about 240, and at the time of the Author's visit, 
as indeed nearly always, iVora 150 to 2<X} were employed ag 
*■ occasional : ' tt:>t4i! for Modane J ,140, The number waa rather 
greater at Bardonn<?ehe, from 1,200 to 1,400 l»eing generally 
employed, giving a total of 2,54^. 

In making a eomj)arison of the cost of driying an advanced 
gallery by machinery, and by hand labour, a judgment must 
not be altogether based upon the works and the results at Mont 
Cenis. There is no doubt tbat establishing, as M. Sommeiller 
has done, on so large a acale, an entirely new system, without 
experience in its use and application, many erpenses have been 
incurred, that would be avoided hereafter. 

The following comparison wiD, therefore, be general to any 
work on a suiSciently largo scale to justify the adoption of 
machinery, rather tlian special to the Mont Cenia. The data 
are insutEcient to enable the calculation to be made with accu- 
racy, but it wiU be based on statements already made. It will 
be ce>nfined to mining charges only, i.e., labour, tools, gun- 
powder, and candles. Eemo^-in^ the * deblais* is conimoa to 
both, as is also enlarging and walling the ttmnel, and timbering 
the advanced gallery. The rate of progress of the gallery at 
Modane, which is ten feet scpiare, will be tak(^n into con- 
sideration ; but the Author' feels certain, that in a 7-feet gallenr 
the machines would compare with hand labour to better acf- 
vantage. Previous to the introduction of machintry the miners 
drove, on an average, 1*665 foot per day ; 36 men in three shifts 
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of 12 men cacU bein^ employed. Tliis adFaucement would then 

cost — 

36 mmers at 2«. 6d £4 ]0 

Tools, piinpowdcr, and light 1 10 

Cofft per day and per advancement of 1-655 foot £6 
or £10 17a. ]>c?r yard. 

It is hardly necessary tliat the Author should allude to the 
small portion of the total cost, of either advanced gallery or 
tanneU expressed by * mining charge/ To compare, in like 
manner the cost of driving the aame gaUery by machinery, it 
will be neeessarr to take — 

1. The cost of motive power for compressing the air to drive 
the perforators. 

2. The working eliargeg of shops to repair the machinery, in 
excess of wltat would be re(^uirt»d if no boring machines were used. 

3« Men employed : mechanics, black«mittis, &c., in ftuch shops ; 
as also engineers and stokers, and those to attend to air-pipes, 
water supply, engine for pumping water, Slc. 

4. Men employ ed during tlic machine shift, 

5. Wear and tear of machinery, and many other incidental 
erpensesi which in a fair companiion, woidd rennire full and 
carefiil oonaiderationa, and would vary according to local 
conditions. 

The points on which this comparison is based are stated, to 
rIiow how the pro^rtional cost has been arrived at : the Author 
Las only made it, m the liope that the attention of the members 
of the Institution may be orawn to its better conside^tion. As 
water power could only be obtained in exceptional cases, flteam 
will be assumed as the motive power for compressing the air 
used for driving the boring macfdnes. At the ratp of driving 
practised last June, a mean progress of 2" 769 ffct per sliift waa 
made. The labour of miners and machinists would amount to 
£i 14a. 8d. per shift, and say, £S lOs. for gunpowder, took, and 
light, amoimting to £8 4a. 8d. per shift and advancement of 
2*769 feet, or £8 18s, 4d. per yard. Eleven machines were used, 
expending in compressed air a power of 2G^ honn's at the end 
of the gallery. Each machine, however, requires a motive 
power in the system of compressing applied at Bnrdonntichc of 
8 H.P. ; but as they are not working continually, a con^t-ant 
power of 40 horses would be sufficient to supply them. 
Assuming that the motive power was steani, and that 4 tons of 
coal per day were consumed, at lOs. per ton, say £2, and the 
wages of engineers and stokers cost 15s. per day, there would 
then be for cost of motive power per day .... £2 15 
About 240 men are now employed in the shopa and 

about the machinery at Modane, say, this was 

reduced to 120, at 3s, per day ...... 18 Q 

And calculate for Rteam power to drive machinery, 

&c., for coal and attendance per day .... 1 10 
Wear and tear on machinery, say 20 per cent, on 

£20,000, say per day 5 10 

Coat per day and per advancement of 4'719 feet , . £27 15 
Or £17 12s. 9d. per yard at the rate accomplished in June, 18(53, 
which, added to the mining charge of £8 IBs. 4d., would amount 
to ^26 lis. Id. per yard, as compared with £10 17s. by hand 
labour. From wbicn it appears, so far as may be judj^ed from 
BO rough an estimate, that by raachinerj^ a progress three times 
aa fast as by hand labour may be ellcfted, out at two and a half 
times the cost. For mining charges, in the case of a gallery for 
mining purposes, the comparison might stop there ; hut not so 
in the case of a railway tunnel. For the enlarging, timbering, 
wdling, and general charges are quantities common to both, and 
the proportion will be notably diminished wlit^n tlivj arc added. 
The estunated cost of making the Mont Cenis tunnel was £120 
pcT m^tre. It niakc.^ but little difference, therefore, whether 
the mining charge there is £10 or £2* per yard. The ultimato 
proportion of cost to put against an increased advancement of 
three to one, would thus, instead of being two and a lialf to one, 
f UOt exceed £120 to £110, assuming the enarges common to both 
lyst^ms to amount to £100 per yard, which, in the case of the 
Mont Cenis ttmncl, they will not fail to do. In ordinary cases, 
to which the preceding comparisons are supposed to refer, rather 
than to the Mont Ceni», say in the case of a tunnel costing £30 
per ynrd. wliich is perhapi^i not too much to assume for n tunnel 
of sufficient length to make it advisable to apply macliinery. the 
jr>nirmtJson would naturally be more disadvantageous than in 
■** • MoDt Cenis, where the general charges are ao exceptionally 



high. Say, therefore, in the case of a tunnel to cost £30 per 
yard when completed, that £5 per yard waa for mining charge 
m the advanced gallery, and £25 per yard for geuernl charges, 
By applying machinery, the mining charge would be increased 
to £13 per yard ; and the £25 per yard for general charge*' 
might be increased to £27 per yard, as air-pipes would not ' 
required if machinery were not introduced ; the proportion 
C4J8t would then stand as 40 : 30, which would not purchase 
all dejirly an advancement in tho proportion of 3 to 1. 
^ Although not prepared \v go into an estimate, with any preten< 
sions to accuracy, of the cost of establishing works on the scale 
assumed in the preceding comparison, the Author would ment' 
£20,000 aa the result of a rough calculation. He mu«?t 
repeat, that this estimate does not refer to the Mont d 

E articular. The impr^^vcments recently introduced, and f] 
cttcr resulti, lately obtained* point to the ooncluaion, that 
increased rate of progress may be l<x»ked for, M. Sommeiller 
has proposed sevenu alterations, by which it is hoped to increase 
the actual rate of IJ^ mfetre to 3 metres at each end per day, with 
a less cost per yard than is now incurred, as the work will be 
done in the same time, and with nearly the same amount * 
labor. K these hopes are realiz^.'d, on increase of nix iitnts tli 
speed might be attained, without seriousily increaaing the cosst. 
At such an averge rate from June 30, 1863, the work would bo 
completed in four years and eight months and a half. 

Tf\ ithout entering into calculations as to the amount of al 
required by any ^iven number of men, and for the ddution m. 
noxious gases arising from the combustion of gunpowder, it may 
be stated tliat the exhaust air from the perforators i& adcqimta^ 
to the requirements of the advanced gallery. The ffreatesl 
number of men employed there at one time is during tUt 
machine shift, when there are 44. During the cliarging and 
removing of the * d^blais* a jet of air is left opt»n near tln> 
foreheaa. Each machine uses about 8 cubic feet per minute of 
oomprcssed air— 48 cubic feet at atmospheric pn^ssure, and il 
eight machines are working togt^thcr on an average throughout 
the sliit\, there will be a supply of 3S4 cubic feet per ininntr, 
But though in the advanced gallery the ventilation is s ' 
it is not so in the large gallery, as tljt? miners and labou 
metres from the forehead, have been working for 8ome tut 
in an extremely vitiated atmosphere, at a high tompen 
and it is evident that a more elficient means of veutila 
required. Ample power is available for compreasing air ^ 
surface, and it could always be used na a means of mipp] 
fresh air t^ any part of the tunnel ; but the waste of power 
be such as no engineer would bo inclined to saution. Thei 
(teparati? means are being adopt-ed, oi the efficacy of which tintil 
the completion of the tunnel, no doubt can be entertained. The 
tunnel in to be divided horizontally by a brattice slightly arched. 
The upi>er section is about 75 square feet, and communicatet , 
with a chimney (by means of a brick conduit), placed 20*7 fi*ct 
the niount4iin side, near the entrance. The brattice „ 
Bardonn^ehe is formed of planks, covered with 3 inches of »otl» 
well beaten. The present draught is very strong, but tha 
brattice is only finished tor about one half the distanoe. If thff 
natural draught should not be strung enough whan the forehead 
advances, a tumace will be placed in tlie chimney. The air 
enters the tunnel on the unclerside of the brattice, paHscK up 
the entire length, and returns by the upper part. 

Such are, in outbne. the general observations the Author hat 
been able to make upon an engineering work, which in magm- 
tude is inferior perhaps to one only (Isthmus of Sut»Jt} to 
execution at the preient day. He has been induced to prej«n? 
this communication, beeause he considers the attention of 
Engineers in this coimtry has not been sufficiently drawn, either 
to the work, a« a whole, or to the ingenious machinery uslhI for 
its prosecution. Already with the short experience tbnt has 
been gained in its use, the results are sufficiently s; v to 

show, that the system contains the elements of suci 'vnT 

which cjiu only be developed and perfected like ail tin- grwJ 
inventions of the past and present age— by the untiring j>erfce' 
vcrance of tlicaae whose interest or ambition it h to uonitc 
themselves to its accompbshment, and by contijiually eo- 
countering and overcoming the many and great ditBeult v 
oppose it. Attention must and wdl be drawn to it ; 
the enterprise of this age, the necessity will be felt of biti.i^ii.**, 
the present system of tunnclHng. That necessity right ffit 
the means wilf not be long in following. 



I 




rl.ltWQ 



THE CrPTL ENGINEER AND AECHITECT^S JOURNAL. 



THE 



HYBKAULIC LIFT GRAVING DOCK • 
By Edwin Clark, M. Inst. C.E» 
{Continued from pas* 260.) 




I' 

r Wr. W, R, Kimpple hud watched the progrcM of lliete pontoon docks 

with intcrett, and thought that Rreat credit was duo to the Author for the 
perfect way in which be had brought hydraulic lift* to bear bo sucoftw- 
follj' upon such enormous weights. l*hc pcmtoons were, however, 
Bomewhat defective, us it was impoBsible to render them pcrff'ctly ngid^ 
withoat ueing saoh a quantity of material aa would reader them uselefs. 
fli pontoon wa* 300 feot in length, and only 6 feet in depth 
WM in th« proportion of only 1 to 60), to make it rigid bo much 
muit be inierted aa to sacnfitse altogether its floating powers, 
rememhorcd seeing one of the longest pontoons, which had, with a 
on it, a deflection of 7 inches or 8 tnches out of the straight line. 
,ce had been made to the pontoon aunk at the London Docks, 
which he had had to do. Ho hellevcd the construction of that pon- 
have be«n perfect, although it had failed at present. The sidci 
girders were 180 feet long, 17 feet deep, and 3 feet wide. A ship mi^^ht 
be put upon the deck between the girdera without injury to her straight 
line. He attributed the sinking of that pontoon cheidy to the want of 
compartmonts and stiffeners to the bottom plates, between thp cross 
ffirders, which were 8 feet apart. She was built like a long fiat tea- 
Doard. The water went in at one end, and there was a conaequent de* 
preasion of that end. This caused an almost instantaneous rush and ae^ 
eumulation of water to one spot, the parallels gave way under the 
violent strain thereby produced , and the pontoon went down mpidly at 
one end, whilst the other was some hours in sinking. Pumping at the 
rate of 66 tons per minute, had not the alightest effect in reducing the 
water; and it was not until this great pumping power had been found 
it9«le8i, that forcing air down had been resorted to, when her deck was 
blown off. With regard to tht? pontoon docks in these two instaDoes, it 
seemed to him a great waste of money to construct them in a tiilal river, 
in'order to do artificially, that which could be done naturally by the 
rise and fall of the tide. He had lately finished te dock at Limeuouse 
called the Limekiln Dock ; it was 366 feet long, 66 feet wide on the 
floor, 63 feet at the entrance, and 20 feet of water over the aill. The 
outer apron was laid in Portland cement, the entrance was of brick, the 
sides and bottom of timber and concrete, and the ooft had b«en only 
£17,000, There were, at the present time, two ressels in that dock of 
the aggregate tonnage of 3.000 tons. 

Mr. A. M. Eendel said, his responsibility in regard to the pontoon 
which was now lying at the bottom of the London Docks was small. 
MoBsrs. Bose and Crowder, who worked, for some time, the hydraulic 
lift at the Victoria Docks, proposed to the Tendon Dock Company, to 
UiM a part of the eastern dock, and to build a pontoon there on their 
principle. The proposal was referred to him ; he reported favourably 
cm it, and the pontoon was constructed. Be heard nothing more of the 
matter till he was informed, that the pontoon had gone down head fore- 
moat to the bottom of the dock. fJn looking into the plan of the pontoon 
he found that it had no bulkheads ; consequently, the water, when let 
into it, caused a violent osoillation; and the parallels, by which it 
aihoald ha^o been steadied, being constructed in a most inefhcient 
manner, were torn from the ground, and the whole structure sank. The 
fact that the water could not be reduced by pumping led him to think 
th«.t the caulking of the decks was blown out; he did not think there 
wae a hole in her bottom. On the general subject he would say, there 
comld be no question that the hydraulic lifts were very useful in their 
actual situation ; but he was not prepared to admit their applicability to 
all docks. For instance, at the London Docks, he apprehended that Jand 
akme would cost about £40,000 per acre. He would mention that he 
hMd. completed a dry dock at Leith, 400 feet long, 84 feet wide, with 
2% feet 6 inches of water on the sill, the cost of which, including 
cotaBon, engine-house, pumps, and all complete, had been under 
if40.000. The engines worked up to 100 H.P., and were applied to a 
Lurge Appold pump. So long as ordinary docks could be constructed at 
that cost, he did not think docks of the character under discussion 
would bo n^in eonatructed in this country. 

Iff. A. Gill"* thought many advantages would attend the application 
of ihia beautiful invention in porta such as London and Liverpool, and 
perhaps 11 uU ; bnt, apart from those ports, ho considered there were no 
others whero docks upon this large scale were called for. There was 
ooe fact to be refnarked, that when a voaael was placed upon this 
poniooQi she had the advantages of light and air which she could not 
have in an ordinary graving dock ; at the same time the operation of 
liflinir the vessel on the pontoon was attended, he thought, with certain 
d *. In removing and replacing the boilers, he did not think 

1^, I which had been stated applied, because the boilers were 

not gcucidlly put on board while the vessel was in a dry dock ; at 
the same time, in matters of general rvpairs, it might be a diisadvaotagc 
fo have to raise materials to a height of 30 feet, or 40 feet, instead of 
their being supplied from the loyal of the deck. With regard to the 
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shoring of ships on the pontoons, somA merit was claimed ibr Iha 
abeenoe of strain upon tho ship, by the putting in of the bilge blocka. 
He did not know what there was to prevent the same sort of ahoree 
being used in ordinary dry docks. The fact, however, that bilge block* 
were not used seemed to be good evidence that such shores were 4)ot 
wanted, and, during an experience of twenty yean, in docking vessels of 
all sieca, up to 4,000 tons, he had never yet heard of an injury having 
arisen from the want of bilge blocks. The poeition of a veaUl on bilge 
blocks was similar to that of a vessel on the beach, and there was great 
objection to tho beaching of Bteam vessels from their liability to strain. 
Hti thought there must be some advantage in grounding upon the keel, 
and in putting in, when the ship touched the blocks, horiiontal ahorei 
against the altars, for the purpose of keeping her upright on her keel. 
As the water was pumped out of the dock, raking shores were added. 
Comparing the statistics supplied by the Autbor with those of the 
Southampton Docks, it appeared that at the Victoria Docks 1,055 Teasels 
of an aggregate tonnage of 712,380 tons had been docked by these lifts 
in seven years. At Southampton, during the last seven years, 603 
ressels had been docked of an aggregate tonnage of 965,000 tons. The 
average tonnage of the vessels docked by the pontoon system was only 
676 tons per ship, while the average of the vessels docked at douthampton 
was 1,400 tons per ship. With that experience, if no damage had been 
sustained from the absence of the bilge blocks, it might be safsly 
inferred that they were not necessary. As to the cost of docking vessels, 
the Author had given it at £3 per vessel, for putting on the pontooa, 
pumping, and lifting ; if that calculation was correct, the system at the 
Victoria Docks bad a great advantage over that at Southampton in 
respect of tho cost of docking. His ciperience was, and ho Qould vouch 
for the corrpotneas of the figures, that the total expense of docking in- 
cluding pumping, labour, and repairs was, on an average, £13 per ship, 
but that was for ahipa of double the average si^e of those docked by tho 
Thames Graving Dock Ckimpany. It was evident that there muBt he 
some other clement of expense which had not been reckoned. The 
charges for docking ships on the patent lilt were about the same as at 
Southampton, viz., 6d. per ton for docking, and Id. per ton per wt^k 
for the use of the pontoon. For a l,00O ton ship, the charge for 
docking at Southampton was £25, and the rate for the use of the dock 
was in about the same proportion as for the use of the pontoons. With 
those 965,000 tons docked at Southampton during tho last seven years, 
the Company had earned £39,000 and the expenses had been about 
£8,000; the average amount paid by each ship being £55, and the 
expenses £13. If, therefore, the charges were practically the same in 
both cases, and the expenses so much less in the hydraulic lift Bygtcm* 
how was it that the Company had been such a commercial failure ? 
These figures, if correct, ought to have shown a good profit. With 
regard to the first cost of the hydraulic lift docks, it was stated to be 
£88,000 ; but it must be borne in mind that sum did not include the 
cost of land, engineering, patent rights, and other things, which were 
usually included in the capital cost. The capital of the Graving Dock 
Establish meut at Southampton was taken at £160,000 ; but, he believed^ 
intert'st had b^en charged to capital to swell it to that amount, for this 
was considerably beyond the actual cost of the docks. If, by the system 
under discuasion, the sum of j£88,000 gave a capability of docking seven 
ships at a time, he oonfessed that, by the oi^inary system, with the 
same number of docks, it could not be done at the same price. He then 
explained a drawing showing the seotions of two docks which he had 
lately constructed at Bow Creek. In the larger one, be had drawn the 
sections of two ships, one being the * Warrior,' of 6,000 tons, and the 
other the paddk* steamer 'Napoleon Third,' of 4,000 tons; neither 
Yoaael could be docked by the hydraulic liit as constructed. These docks 
were placed on a part of thJ Thames where the foundations were 
notoriously deep ; the cost of the two docks, including cofier>dams, 
pumping^ power, cBisaons, and everything complete, was £85,000. One 
was 400 feet long, with a 64 feet opening, and 21 feet of water, over the 
bUI. The other was 300 feet long, 46 feet opening, and 21 feet of water 
over tho silL If ho were asked to design a system of docks, one of 
which should accommodate vesaels of 6,000 tons or 7,000 tons, and the 
others, vessels of smallor sixe, be believed be could build six or seven 
docks for £150,000 ; but if th« hydraulic lift and seven pontoons, one of 
which should be capable of carrying the * Warrior,* could be constmoted 
for £88,000, that system would eurpasa any other he knew of in point of 
economy. A system of docks, sulhcient for almoat any port, comprising 
six docks of various sizes (the largeet of which ws^a capable of dbcking 
the •Warrior'), including six acres of land, with pumps and evsry 
noosflsary appliance, could be completed for £1^0,000. 

As to the capability of doing work in hydraulic docks oompanyd with 
ordinary docks, tho time occupied in lifting a ship had been given as 
twenty-five minutes. That could not, however, be meant to include 
the whole operation of putting a ship on the pontoon, lifting, and 
moving her into her berth; for ho undor^tnod that, pnicti< '"'^ *'" *ime 
actually occupied in preparing a ship f^r the pontoon, ta '■#, 

preparing the bUgc blocks, floating her into position, sinkiri -on, 

lifting the ship, and getting ber into berth, occupied about i\)ut and a 
half hours ; whilst the opeiation of undooklng occupied about one hour 
and a half If that w«Te so, the capability of work on one lift (though 
there might be fourteen pontoons or fifteen pontoons), was limited. By 
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the ordinary eyiteni, one ahip eould b© docked iit cnch tide ; but in tbo 
l«pgo dtick At Southampton, vhich had been oonalructed twelve years, 
more had been accomplished^ Upon one oooasion, tbref largu ships, 
each of more than 2,000 tons, required to be docked in a hurry ; two 
were docked and undocked, and the third wae docked and placed on the 
blocks between daylight and dark. He therefore believed the capabiUty 
of that dock was aJmoat as great aa that of one lift, 

Mr. John Heppel naid^ having hod the advantage of being aasooiAted in 
the preparation of the plans for thia work, a few words fi^m him mijjht 
not h^ out of place. He neoesaarily bcearoe intimately aequaiutcd with 
at] the mcchanieiil details of the confllruotion, and the oonBiderationa 
which led to the adoption of them. To this part of the qiieaiion he 
proposed strictly to confine him8*;lf, leaving the commercial and general 
asptjcts of the case to those who were better qualified thau himaelf to 
doal with them. In doing thia, however, he might perhaps ho antici- 
pating what wonld be belter left to the Author ; but he could not help 
thinking, it would he satisfactory to that gentleman to know, that those 
who concurred with him so many years ago in the views which he took 
concurred with him BtiU, and won able to give some reasons for that 
concurrence. 

Many observations had been made as to the AexibiUty of the pontoons 
in connection with these operations ; and great doubts had been expi'eased 
whether some disadvantages to the yesacla raised did not result from this 
llexibility. This was a subject which was carefully discussed at the time 
the apparatus was designed, although no great point was made of it , for 
even if the pontoons had been rigid, he did not remember that either the 
Author or hinself thought any great harm would result Bat a certain 
amount of flexibility appeared rather advantaj^ecua than otherwise, and 
he thought, reasons might be shown fur it. It had been admitted, that 
if the vessel itself possessed the quality of rigidity in a aufflcicnt degreef 
the rigidity of the pontoon became comparatively unimportant. He 
o^eed in that view, and he thought, therefore, it was not neceaaary to 
aay much about the raising of iron vcsech, because it was known that 
aU those venela poaieased such an amount of rigidity, that when onoc 
pttoed em the pontoon, however fleJtible the latter might he, the rigidity 
of ihc two together would prevent any deflection which could possibly 
be considered injurious. That being the case, ho thought the small 
mnount of flexibility the pontoon possessed was an advantage, because it 
acted upon every wedge and block as a spring to keep it fairly up to ita 
work. In fact^ as compared to a rigid floor, it stood in the same kind of 
relation as a spring mattress to a deal hoard* 

A atrong point was however madL* with respect to wooden vesaels, and 
an instance was adduced of an old crazy vessel which had a considerable 
aroaunt of * hogging.' lie would oven admit, for the sake of argument^ 
that it might Ijo considered desirable to bring such a vessel to a straight 
kei^l, though he thought that was admitting a great deal ; but if Uiia was 
desirable^ ho could hardly conceive anything better calculated to straighten 
the keel, without injury, than the apparatus in question. 

To follow the steps of the operation ; the vosael came ujjon the lift, the 
k«l blocks having been preparod approximately to correspond with the 
curve of the keel when afloat, the vessel, hfl^^nfiJ taken the keel blocks, 
the lilting began. As this went on, the slight dilference in the distribu- 
tion of the force between the weight (which was more intho middle than 
at the enda) and the lifting force, which was uniformly distributed, 
produced an action tending to deflect the pontoon, to a certain extent, 
itnd that tended to bring the keel nearer to a straight line, and so far to 
Accomplish the deaideratura. If any strain, or symptom of strain 
mttnifoated itself, thia apparatus gavo instant moans of obviating it, 
because, by cutting off a pair of the presaes, tlie lifting power might be 
brought to correspond with the distribution of the weight to be Ufted ; 
BO that, by the time the vesael wai lifted out of the water it* keel mi^^ht 
be, by a simple process of manipulating the presaes, adjusted to any lino 
required ; and that was done nnt by any violent process, oji in a dry 
dock, whore the vessel would be left to settle at onco to a straight line, 
but waa efft;cled by means that were always under the most perfect 
controL Whon the pontoon was lowered into the water, after having 
been emptied, the aame thing which was done by manipulating the 
prease*, might be done by letting in water in the required proportion 
into the compartments, by whith the lifting power of the pontoon might 
t>e brought into perfect acijoaitmont with the weight above it. Nothing 
Wfts more calculated to deal with the requirements of the kind noticed 
than this apparatus •, and if it wi^re correct, as hod been stated, that 
atnne vessels had suflercd injury from deflection (and an instance had 
been given of a hogged vessel which when set afloat on the pontoon was 
fountl to be deflected the otlier way), he could not help thinking it must 
have been from some want of judicious management in the operation ; 
because ho could not conceive that anything inherent in the apparatus 
itat^lf could lead to auch a result; on the contrary, he thoui^ht the 
Author had claimed for the machinery, in this respect, less applicability 
tu the requirements of the case than was due to it. 

He would not go into the question of comparison between this mode 

of lifting vessels and tho system pursued in dry docks, becau^ every- 

tiling that could bo said on that subject had been already very clearly 

stalled. Tlie matter hud been put in a very fair point of view, becauso 

comparisoa had been drawn between pontoons of this kind and an 



equal number of graving docks- A fow obserraiiooa of a qoAlify: 
character had been added, but it waa a fair comparison ; and he undei 
stood it to bo admitted, that a series of dry docks, eqiia.1 in number 
thn pontoons of thia lift, could not be established for the same amonnt 
expenditure. With regard to floating docks, a groat numberof exam^ 
had been instanced. Those which could only accommodato one vt;( 
at a time could not bo put in compariaon with the apparatus under 
diseoaaion, in respect of the amount of accommodation. A model had 
been placed on the table, in which, by a system of railways and cradlaa, 
fiomething like the aamo results were proposed to be aocompliabofl as by 
the prtJient apparatus. He waa far from being diapi^ed to & i j 

pniposjcd was not a good one ; but he thought, it must be < i 

dragging a vessel about upon cradles must cxposjc it to gre aLi 
than tho smooth and easy way of dealing with it by the hydraulic li 
Ilowovyr, it might be a&id, with regard to such a lifting dack, tt wo( 
be easy to uso it in connection with pontoons, in tho aame way as Ui 
hydraulic lift ; and in that case the Author of tho Paper would 1 
entitled to the credit of tho motit original and valuable portion of it; b( 
even then it would be inferior. He spoke under correction ; but ~ 
hardly imagined, that a floating dock of that kind, having equal 
power with tho hydraulio presstss at the Victoria Docks, could wei 
than 2,0t)O tons. If hia conjecture was correct, it was obviout, 1 
every vesaeL large or amalL, lifted with that apparatus, a dead weight 
2,000 Cbns was being lifted with it, instead of less than 700 tons at 
maximum, which was capable of reduction in proportion to the Ii>ad 
be raisod. He therefore thought the floating dock, oven in the 
form, must bo inferior, iu ruspect of efficiency, and economy of power,* 
to that which was now tho BubjtMJt of discussion. 

Thtjre was one other p©int. It was admitted, that for a fixed water- 
level, tho Hydraulic Lift was not an inconvenient apparatus ; but it 

had been asserted that it^ use would bo oonfined to exceptional ~ 

Ho only wished to draw attention to the fact, that in thia casep 
was a free ohoico bi^tween tho Victorin Docks and tho tideway 
Thames, and it was considered, on all oouounta^ more dios'" 
establish the graving dock in coaneotion with the former, thui 
latter, the greater facility of communication with tho dock bn 
siderod of more value than the mechanical power derived frv»m tho 
and he thought, that similar considerations would prevail in most 
where there was a similar choice. But if it Wtsre not so, and if the 
of thia system was to lj« confined to cases of fixod, or nearly 6i«d wal 
level, there would still be the Baltic, tho Mediterranean, and ueaily 
the porta on the Pacific ; and ho thought, perhapa, the Author wouUl 
satisfied with that to begin with. He had receutly seen thia appanUaik 
and he was struck with the remarkably good uondition in wbiuh it «i^ 
kept. Kvery part waa in good working order, and in ohsrgo of ' ' 
intc41igent people. He thought the meohani<jal reaults had b«qii 
to place the profeaaional reputation of the inventor beyond all 
and he hoped the commercial rtsaults that would follow would 
as to remunerate those individuals who had ventured to try, what 
considered at the time, a very bold experiment 

Mr. J. B. Readman said, it must be acknowledged, that the thanks of 
the commercial community were due to tho Author for this attci a|(| iai 
facilitate the raising of vessels in the port of London. Somtj y< 
ho placed a Paper before tho Institution on tho variety in 
the different Metropolitan dry docks, and he was bound to aay 
variety in direction, in relc'rence to the tideway, was aa greatly 
exemplifled iu the modo of construction of the various docks u[h>(i tht 
Tharaea. Whether tho Thames— a tidal river, whitib had hithrrto dom 
what was now attempted by means of this most ingenious apparati 
the best site, remained to be proved by experience. Uodoubt 
graving dock, at the end of tlie Victoria Docks, might have been 

by the action of the tide, and tho dock might have been atrs ^_ 

others hud been on tho Thames. Certainly tho element of cost waa ozi|of j 
great importance ; but, he could not help thinking a comparison of the Wt 
of thia system with that of the docks at some of tho outports where be 
formation was different to the valltry of the Thames, must be to a grit 
extent illusory. The former were artificial docks in all reapects, but n* 
geological formation of the districts was so diflerent, as to aflPord 
compari^ion on the question of expense with the Port of Loadon, 
which tlic system of the Author had betrn applied. 

The Trafalgar Graving Dock, at the wust end of Woolwich D< 
was constructed for the Admiralty, by the late Mr, Jomea Walker, 
the failure of a prior experiment, by Mr. Ranger, of a dock of oonontaj 
That dock was never free from a percolation of watw through the i 
and natural substratum ; and tho invert blew up. With that expori< 
brJore the designing of the present dock, it was natural that every 
should be taken that the work should be sound. When he said the pitj 
of that dock was 40 feet fitim the surface, it was clear it was not oom-i 
paiable with a dock like that of Sunderland, where tho rodic was so doa« 
to the surface, that ^e work involved did not comiDADoe before 
amount had been expended which came to more than 80 per cent, oi 
40 per cent, of the total expeuditure incurred in a ease like that 
Woolwich, where there >\aa 9 feet of concrete, a fioorof 18-inch brick 
work set in pozzulana mortar, and an invert of solid granite 3 fee' 
6 inches thick. The entire surface of the dock was fiiced with granite 
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The section of the dock was paruUol to that of the ' Trafalgar/ a 1 20 
gunsfaip, and of couive the work was carried out in the most oostly 
ID aimer, The oarl^ timber doeka of London including the old Pitcher*fi 
Dock at Blaekwall, whioh wat EUbsenuently rebuilt bf tbe present 
ewnera (the Moesrs. Soamei;, were buiJt entirely of timber and of elaj 
puddle. The bottom wua piled» over the entire surface, Ibe larger 
nntnber of piles being placed iii ihe direction of the lino of the keel. 
The old Pitcber'a Dock had failed in a BimUar way to that at Woolwich, 
from the hydrostatic pressure. Another reoaon why the oompariaon of 
eoat would hardly hold good was, that almost all the London docka, with 
few exceptions, were dry docks in two sensee of the word ; they were 
not only dry when the gates were shut and the vessel waa docked, but 
any amount of leakage which accumulated in the dock was drawn away 
at low water. There waa never any attempt made to resist the 
hydrostatic pressure, but tho water was led away to the engine -well and 
taken away by steam power; so that such docks as these were not 
oomparable with the d&ep-water dock at the mouth of the Lea, He 
would lay generally (having taken tho trouble to classify these early 
dock?, taking the internal capacity, the length, breadth, and depth, i. *., 
"'le cubical contents), that he found the cost hnd been from 12s. to los. 
k1 £1 per yard cube of the internal sectional capacity of the dock, 
"While the fijj^ures Btnlcd for the docks at Soulbampton would work out a 
cost of £1 173. 6^1, to £1 18r. 6d. per cubic yard of internal capacity, 
«nd the value of the dock at Woolwich was no less than £4. 10s, per 
yard cube. The dock at Boston, United Slates, by published documents, 
waa about equivalent to tho latter value. He thought if the eight 
pontoons at tho Victoria Docks were assumed to represent eight timber 
docks of equivalent superficial dimensions by the depth, with the IS-fcet 
drauglit over the hoisting gear, the result, taking the Author's figures of 
£80,000, would give a value for that capacity of something equivalent 
to the timber-dock value ; that waa to say, the eight docks, by the raeaa 
length and breadth ^ven with the 3. feet above, would bo worth about 
12*. per cubic yard. If ihens had been an outlay there of double that 
im, then the value would be double; and if, again, the outlay had 
>en £2(K>,000, the value would be 263. per cubic yard. Taking tho 
leapest value, tho comparison was not favourable to tho Southampton 
Boeki. There was an example at Sunderland, frequently quoted, in 
which he believed the value and tho dimenaions gave about 27s. 6d. per 
cubic yard of intenial capacity. Some surprise had been expressed, that 
no notice h«d been made of the hydrostatic screw dock at New York ; it 
was equally surprising, he thought, that no notice bad been taken of the 
patent of John Evans, of New York, which was described, very 
' 'ly, in the first number of Wcale's ' Quarterly Papers ' in 1843, as 
ring of a series of cylinders and presses, precisely similar in prin- 
.: . 'J the Bramah Press, and connecti^d by vertical chains to the ends 
of the transverse beams, undenieatli the p'onto<:>n gridiron. When the 
enormoiis increase of tho trade of the port of Loudon was considered, 
and the efforts which bad been made to develop the ctimmerce, the 
thanks of the commercial community were due to the Author. He had, 
however, had one advantage whi^h no other engineer, acting for a public 
Company, had previously possessed. The Victoria Docks was tho first 
Comjiany that obtained powers to construct graving docks. The old 
Wapping Dock Act contained clauses for graving docks, but tho ship- 
building interest was too powerful in that day, and those clauses wuro 
struck out in every Dock Act afterwards. Whether a dock Company 
cr)uld build and repair ships with the samo expedition as private builders, 
was another ouestion ; but he felt convinced, from the experience of 
BOme years, tnat that exclusive principle, together with tho tyranny of 
tr..A.. itnions amongst shipwTights, had, Xn a great extent, driven the 
j>-building trade from the port of London, The late Mr. Duncan 
irhttd frequently told him, that on the Tyne and other outports, 
lie could get his ships built, with lower roasts and standing rigging, at 
the same price as that which he paid for the hull alone, in the port of 
London. 

Mr. John ^Murray remarked, that in the discussion which had taken 

-^-^-rs he considered they had not arrived at the full cost of this pon- 

jock. Mr Clark hod given the expense of the excavations, the 

1 (lums, and other details; but he bad not alluded to the land 

occupied by the works —some 26 acres in extent, 16 of which were water, 

and niigbt to be added to the sum of £88,000, A comparison between 

n dock and ordinary dry docks of masonry or brickwoik 

form a subject of discussion. He bad ascertained the cost of 

uF^-ks in various parts of the country, which, combined wilh tho 

■ itiuQ. already given, miglit prove useful. Mr. Abcrnethy had 

i that the average cost ol the seven docks at Pirkonhead and the 

two at Falmouth was about £U,000 or i^l5,00O. The dock at lloly* 

hf«J. construoted by Mr. Telford, eost £14,419; that st Dundee, 

• ; that at Belfiurt, in 1840, £19 362 ; and the dock built by him- 

1 Sunderland, including pump<t, engine, and enclosure, cost 

'. Taking an average of the four docks, it amounted to £18,9d0, 

■ Ji wero all nearly of the same class, viz., from 240 feet to 320 

^', and 7t> feet across at the coping, and 36 feet at the bottom, 

yy were each capable of admitting two ordinary vessels, or one 

btiip. The dock of Sunderland had altars on the t>ido, with a 
luuiHimry end, ao thai it tuight be lengthened when required. Docks 



of this kind bad been construetad, therefore, at an average cost ©f 
£18,000 to £20,000 each. They were all of good masonry and »ub- 
stantial workmanship. But in the port of Sunderland and on the Elver 
Tyne docks of a slighter description had been constructed, capable of 
holding one ship at a time, and at a cost of from £3,000 to £6,000. 
Besides these, the shipbuilders generally had floating docks alongside 
of their shipbuilding yards, into which vessels wore brought for repairs. 
One of the earliest of these docks was an old guubrigahtp cut down for 
the purpose. The deck and upper works being taken away, moveable 
l^ates were placed across her stem, and she waa thus changed into a 
floating dock. The shipbuilders bad since constructed other floating 
docks in the ordinary manner. Docks of a better description, such aa 
those at Liverpool, lined with granite and of a large sire, had been 
eonstructcfl at a coat of from £25,0UO to i^dO.OOO. Another class, 
capable of admitting mon-of*war, had amounted to £100,000 and up- 
wards. But in general a good graving dock of ordinary construction 
might be said to cost from £15,000 to £20,000, capable of admitting all 
ordinary vessels, and two at a lime of the smaller class ; and when once 
properly ©onalructed they wanted no repairs, and therefore might be called 
permanent struct urf'9. lie thought they might well be compared with 
floating pontoons, admitted separately into one entrance or receptacle, 
having^ a great amount of apparatus connected with it, liable to get out 
of order» and requiring much manipulation, which he considered a more 
costly affair than a substantial graving dock of the ordinary form. 

Mr. G. B. Ronnie said, in reference to a model, whioh he had plaoed 
on the table, that it represented tho works constructed at Carthagena, and 
was designed for the purpose, after the vessels were lifted on the floating 
dock, of hauling them ashore by hydraulic prcsises, or on cradles. The 
ways were perfectly level, and the amount of power required to haul 
them on shore might be calculated on the considenition, that the launoh* 
ways of a heavy vessel were made with an incline of i inch on the foot, 
or 1 in 24 : so that, about one twenty-fourth of the weight of the vessel 
bad to be pulled by a hydraulic pump and portable ram. This was not 
altogether a new idea, for it was in operation at the present time at the 
arsenal of Polai on the Adriatic, where there were four linei of horiiontaJ 
ways, which were used for hauling the vessels on f^hore. He believed 
the krgest veasel operated upon by this system, was the * £aiser/ a 
screw line>of 'battle ship of 84 guns. The floating- dock at FoU was of 
wood. 

With regard to the Ilydraulic Lift Graving Dock,, he had sereml 
times seen vessels lifted, and it seemed to be done with great ease, 
regularity, and apparent safety. He did not agree with the Author as 
regarded the flexible pontoons. It seemed to him, if there was flexibility 
in the pontoons, there must be a strain on the vessel ; and it waa always 
desirablo to prevent undue strain, as far as possible. However strong a 
ship might b«, there must be tome extra strain if it had to tupport the 
pontoon in a horizontal position, instead of the pontoon supporting the 
vessel. >yith regard to bilge-blocks he might state that it waa proposed 
to use them in the Qoating-doclu at Carthagena and Ferrol. When thosa 
docks were designed it was also thought desirable , that breast^shores 
should be used; for where a heavy vessel b«gan to rest on the keel 
blooks it was difficult, with 25 feet of water under her, to place the 
bilge-blocks properly to support the vessel and prevent canting. He 
hoped on a futuro occasion, wbon this work had been tried more fully, to 
describe it in a Paper, before the Institution, 

Mr. Scamp exhibited three drawings. The iirst was a section of the 
hydraulic lift, provided with shoring-aitars for supporting vessels with 
breast- shores, aa in an ordinary dook, showing also a pontoon with 
shoring-altars, for shoring under a vea^cl'i bilge, precisely as in o^i 
ordinary dock ; and a midship aection of the * Himalaya,' with the 
breast- shores, &c., attached. 

The second drawing represented an ordinary stone dock (that referred 
to by the Author in his Paper), showing half mid&hip aoctioas of ihc 
* BcUerophon * and the * Lord Warden.' 

The third repreaented the side view of a ship, with gauge-marks 
parallel with the original straight line of keel, for ascertaining preoiaely 
the hogging or camboring of the vessel. 

Referring to tho first drawing, he stated that he considered, by the 
addition of f>honnj; •altars attached to tho lift, and ihoring-allan attached 
to the pontoons, that vessels of the tonuage of the * Himalaya,* in a sea* 
going state (4,000 tons), might bo safely docked by the liXting-dock, with 
the additional precautions shown by the section. The ahoring-altiira 
attached to the lift were only required for about a third of the midship 
length of the ship, and only to each alternate column ; and though he 
considered tho breast-shores to bo absolutely necessary, e«peeially if 
employed in the war ostablishmenta of the Navy, yet no great strain 
would be brought against them, as it waa obvious, that the centre of 
gravity of the load being placed precisely perpendicular over ihi- cenlru 
of support on the keel-blocks, it was only necessary to employ the shoroj 
for precisely fltting the space between the sides of tho ship and tht^* 
abutment til the altars attached to the dock. Tho sboring-altars attached 
to the pontoons were not proposed to be continuous ; but to extend to 
about a third of the midship seotioa, in lengths of about 20 feet, and 
spaces of about the same lengths alternately, and it was proposed to 
attach them to fluch pontoons only as were required for vesaols of mort 
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tha.n 1,000 torn ; yeBseUof leas tban thftt tonnage might be safely dodced 
as at pre»eDt. The breast-^horcs being carefully fiked (the keel hcing 
omly juft oleoj of ths blocks), the dock should be lifted sufBcifntly for 
the ke«l to bear on oil the blocks ; in this po&ltian some of the blooks 
I IDight be drawn under the bilges of krge ships, or of those appearing to 
lequire them ; for small Teasels this operation at that timif was not ne- 
cessary. The pontoon might then he lifted, until the keet -blocks were 
oat of the water, and the vessel might, then, be as compJetely shored, 
as in an ordinary dock ; and such bilge-blocks might bo added as migbt 
appear to be required. The vessel being completely secured on the 
pontoon, the breast-shores would be removedf and the vessel might bo 
eafely floated away from the dock on the pontoon to a ahnilcjw dock, as at 
the Victoria Boeks, or to a wharf, or basin ; or for executing extensive 
lepairs, the pontoon might bo gTounded on a* gridiron* at a Imsin 

The docking duties in times of war, for Her Majesty *f naval establish - 
tnents, might be classed under three divisions : 

1. Previous to the actual cozamencement of hoatilities, 

2« During an action. 

3. After an action. 

As regarded the preparations, probably every arailable ressel, 
eertainly those provided with steam power, might have to be oom- 
missioned for the service ; those already commissioned as well as those 
tnken from the moorings — out of * ordinary,' as it was oalled— -might 
require to be docked ; until a vessel was in dock^ the time that she 
1 might require to be there could not be known* For that division of the 
docking duties, he considered the Hydraulic Lift Dock, with its ten 
pontoons, or fifteen pontoons, might prove an incalculable advantage, 
Ming equal to as many additional doclts. 

He thought this plan peculiarly adapted for the great naval establifib. 
ments, particularly in time of war, when all tho duties of those 
tstablishtnents had to be carried on with the greatest despatch, and with 
imerring accuracy, under great pressure. It might probably not be 
prudent to carry this system to the extent of dealing with ships of war 
of 10,000 ton^i, as proposed by the Author of the Paper some years ago, 
yet it was desirable that the Institution should give on opinion as to 
that proposition being carried into practice for vessels up to a oertain 
olass ; he had suggested that vessels up to 4,000 tons, equipped and in a 
sea-going state, might safely be docked by the method proposed. 

The system of shoring he had described was equidly applicable to 
every form of graving dock. He had siibmitt(?d the drawing of the two 
half midjhip sections, to show that the * Bollerophon ' did not require 
the bilge-blocks, but that the * Lord- Pardon ' did require them to a 
oertain extent. That form of support was the best in his experience, 
and it might be applied to the Hydraulic Lift Dock. It was a matter 
of great national importance, to determine whether the Author's method 
of docking ships for repairs, with the additional security proposed by 
hiin, was or was not spplicabte to the war establish meuts of Her 
Migtsty's Navy; and for arriving at a sound conclusion bo considered 
that the opinion of the members of this Institution could not fail to 
afford useful assiBtanoe, 

There were three establishments which must be greatly taxed in event 
of war, Portsmouth, Devonport, and Malta. If, by a method of this 
kind, ships could be dooked, and prepared to join the fleet again with 
great despotch, the advantage might be equal to almost double the num- 
ber of ships ; whereas if ahipe had to be kept waiting to be docked, the 
moat disastrous consequences might be the result. 

Ho would not hazard a positive opinion that the svstem of lifts and 
jpontoons was not applicable to ships of a larger class than that which tie 
bad suggested (4,000 tons) but it should be borne in mind, that his sug- 
gestions oad reference only to the war establishments of the navy ; that 
Tessels of the claaa proposed by him would not cause inconvenience in 
management ; that to one vessel even of such tommge, many below of 
smaller tonnage would have to be employedf and might have to be 
repaired; that the pontoons would not be unreasonably expensive, or 
occupy unreasonable space ; that, for an establishment such as that at 
Portfimouth, the pontoons might pass from tlie basin, in which the 
vessel would be docked, to other basins less occupied; and if a method 
of the kind proposed should be adopted, the ordinary docks might not bo 
wanted for small vessels, but would be generally available for such ships 
of tile line as would be required to join the fleet with the utmost des- 
patcii, when the time for such duties might not admit of bfing measured 
by wreks or days, but by hours and minutes. It should be observed 
further, that vessels of large tonnsge might riqulre to bo docked when 
lights and not in a sea-goiog state; for such cases 4,000 tons would 
rDprescnt a large class of line*of-battlo ships. 

It had been suggested thai vessels 'hogged' or cambered should be 
put into dock on blocks, in a straight line, and that tho keol of a 
* bogged ' or cambered vessel should fit itself to tho straight lino by its 
weight. In thi» opinion he did not concur, because when the vessel 
wss o^n in the water and loaded, tho original line of keel would 
certainly be formed. Three gauge marks should be put on the side of a 
vuanvl above the water line, parallel with the straight line of keol; 
these marks being measured frum the water line, the amount of hogging 
or aimheruig might be ascertained with great facility, and the blocki on 
iJie dock might be thereby oorrectJy adjusted. 
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He had given great attention to the Author^ s ingenious toTcation fbr 
many years past, with a view of ascertaining to what extent it might be 
usefully employed at some of the naval establishments ; and recently ha 
had given the subject a full and careful consideration. The resi ' 
what he had briefly ex^daincd and shown by the seetion, and this 
in his opinion, provide what he considered to be necessary, and wl 
hod long desired to accomplish. The section was intended to convejifj 
the prioeiplo only, not the details of his proposition. He did not 
anticipate that the girders between the points of suspension would, 
necessarily, require to be tnereased in length. 

Mr. Hawkshnw, Past President, remarked that this subject, like many 
others, resolved itself into comparisons of eost between graving docks eif 
different kinds. The cost of a graving dock in r>"" '^i™-» — ^^ not, 
however, be compared with the cost of another, ' 
stances were known. There could be no doubt thu' 
tion, which he had so clearly described, was, as a mechuniuul 
perfectly success fill. It did that which he proposed it thou 
did it well, and machinery which lifted 2,000 tons could, pr 
msdc to lift 4,000 tons. But there was one remark to make 
point, afiTeoting the question of cost. Where a series of repaiiiii:.^ uLr.m^ 
was required for repairing vessels of different sizea, the aocess to the 
whole of which was to bo by means of one lift, if the apparatus were to 
be made powerful enough to lift vessels like the ' Warrior/ the wma 
apparatus would have to he used for lifting the sm&Ueet vci s e k. 
Admitting the apparatus, mocbanicaUy to be perfectly success ^ ^ 
arose the question of cost. Now that question ootud not }<■ 
treated by comparing these docks with those of the Mersey, wlnLii nuic 
cut out of sandstone, or with docks in other places, where the circum- 
stances might not be the same. It was difficult, therefore, to arrive si 
useful conclusions on this point. Still, Uiere was in this case, wl 
rarely happened in other cases, something like a guiding principle 
the question of cost. With respect to the repairing docks, apart irom\ 
the bfting dock, it was evident, that all that could be saved, was T* 
differenGe of excavation in these docks compared with the amount 
excavation in an ordinary graving dock, due to the difference of their 
respective depths, bearing in mind, that the repairing docks must ba 
deep enough to float the pontoons laden with the weight of tho ship*. 
On the Author* s plan, the cost of the gates was also saved. Anuift 
that saving there was to be set the cost of the pootoon. Now it did not 
at present appear that the saving in tho repairing docks, adding tb* 
pontoon, could be much ; in other words, the cost ot the pontoon would 
probably, in many esses at all events, equal the coat of deeper excaration 
and the gates. In fact tho cost of gates and of the doopc r oxcavation 
and masonry might, in many cases, be less tlian the cost of the excavstiott 
and masonry for these repairing docks, including the coat of the pDntoon, 
At all events, that was the farm the calculatiun must assume. Witli 
regard to the lifting douk, it was evident the apparatus for lifting the 
ship, and tho machinery of the rams and steam engines, would^ geotraO; 
speaking, be at ii?ast as costly as the cost of pumping appamtas, fna ii 
the case of a tideleas sea. For in those situations the entrance to i 
lifting dock must bo made deep enough, not only for the draught of the 
ship, but also for the additional depth of tho pontoon, and of the girdcfV 
beneath the pontoon. With regard to the question of economy, in oaaet 
where there was a large fall and rise of tide, as in the Severn, and whsra 
no pumping was consequently required, the ordinary^ grav ' ' rouM 
often be cheaper than the one under consideration. tho 

question of coat must be considered specially, having r-^—- -^ -ii iho 
circumstances in each separate case ; and without going into the quastioQ 
in that form, no satisfactory decision could be arrived at. 

^Ir. F. W. Sheilds said, it would be most desirable to have the means 
of comparison with as many other docks of a different kind as possible 
and with that view it occurred to him to describe a design he bi 
recently made for a floating dock, and to give a few statistioe aboQt 
which miRht be usefuL It was a design for a dock 270 feet long u 
65 feet wide, intended to lift sailing vessels of 2,5GO tons, and tbewddll| 
of wrought iron in it was calculated at 2,650 tons. In that dc^og^M ' 
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did not claim any invention, as many such constructions had been 
before ; ho had simply been guided by the best experience kitborto 
attained, and ho had endeavoured to employ the materials in the mon 
mechanical and economical way. It was natural to compare the system 
of that dock with the system of pontoons in the Author's dock, ai 
first point of comparison was the great difference in the depth of 
of that nature and the depth of a pontoon which carried tho n 
the Lifting dock system. The depth of the aides of the fioating dock 
40 feet, while in the Victoria dock the doptlv of the pontoon Wiis only 
from 6 feet to 7 feet ; and if the ordinary girder rule were taken as S& 
approximate guide, viz., that the deflection of each girder was as IhS 
square of its depth, there would be found such an enormous ditferei 
rigidity as to make it evident that the Author had widely dcpart<?d 
the system hitherto in use, and had fully adopted the system of 
bility, instead of perfect rigidity. The first point to consider was, 
of the two systpmB was moat adapted for a vns«f»l which ws*! taken 
of tho water. There was no doubt that i * ' ,iild «n 

tho vessel to assume perfectly tho same ' water a* 

she assumed when in the water, would Ic ^.^ .«.-,^w i^^.^v, i .^^bUim ; bat 
that was a difficult thing to attain in practioe, and it was mucii to be 
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doubted whether the eyttem of flesibnity in a pontoon would eWvtt it : 
and it wu diffiniilt to say beforehand^ what form the keel of « vessel 
would nASume, if put upon a flertbk platfcimi. It had been *aid, that 
the hoe of the keel could be adjunted, by managing the pontoon properly , 
ftnd that if the koal took a difitrent shape from that which it had when 
llie TMiel vac water-borne, it could be corrected and ^r^ct}llpd by letting; 
wnter in the different oompartmenta of the pontoon. Now that appeared 
to be a delicate operation, and if through earelessnesa, or any other 
cause, the water happened to be let in the wrong compartment there 
migrht be terioua rceulta On the other hand^ with the system of a per- 
fectly rigid dock bottom^ the vessel would probably not be got perfectly 
into tbe same pasition in which she was when in the water ; but an 
sTeroge result would he obtained, by bringing the keels of all vessels to 
a straight line when docked ; and the line of keel would not be altered 
to such an extent as to be injurious, unleaa the ship were a very cranky 
one indeed ; for that reason rigidity in the dock Inittom waa preferable, 
in praelicip, to the ayatem of flexibility. 

There was one other point which ouourred to him, namely, that if a 
poQSOon were sunk to the bottom of a dock independently of tlio 
nydnulio appnmtti^, then, when the water was simply pumped out of it, 
t&ft Teasel could he raided by the pi,intoon alone, without the intervention 
of the hydraulic lift; and thu^ it would also he possible to diminish the 
dfif^h of the dock* as the apace in the bottom of the iifting^dock, which 
w»a occupied hy the crow girdera, would not then be required. It 
seemed, at first eight, that it would be practicable to work a series of 
pontoouB in that way, and that, as all the lifting apparatus would be 
thua dispensed with, it would be a aimpler system ; but he had no doubt, 
there were corresponding advantagea which induced the adoption of the 
double system of lift and pontoons, and he mentioned the subject, in 
order to aak tbe Author to pve some information upon it* 

It had been said^ rather in the way of objection to the system at the 
Vlotoria Docks, that it was commercially unsncceasful until the 
repairing ahop« were cfitablisbed. It seemed to him, with regard to 
auch d'XjkR in London, that there was such an amount of competition 
from the graving docka, that if tbe Company did not afford the shipping 
public every poaaible convenience, they could hardly expect to get the 
ftmount of trade, which would be aocured by rival establishmenta, and 
it was hardly fair to compare a dock in London without that aeoommo- 
dAtion for repaira, with a dock at Southampton, which waa exposed to 
no opposition or rivalry^ and which without a repairing eatablishmentf 
might make a fair return on itn capital ; while a similar dock in London, 
where there was a great deal of oppositinn, would gel little busineea. 

Mr« Abemethy said, the question of economy had been dealt with 
only as regarded first coot ; but the cost of working after construction 
mu/it not be lost sight of, having regard to the various operations to be 
performed in graving docks, A common operation in a graving do^k 
waa the cutting of a veesel in two, and lengthening her. He would 
like to know how that operation could be performed upon a pontoqn, 
more efipeciolly if it were flexible. There were several practical ship- 
builders present, who would, no doubt, be able to give information as to 
the operations to be performed in the repairs of shipping, more par- 
ticularly of steamers, and as to the advantages, or disadvantages which 
an ordinary graving dock had, as compared with tbe pontoon ay stem. 

Mr. G. H. Phipps said, it mast be clear to all, that before approving 
of the description of dock which was the aubject of diftcussion, they 
ought to be sattsfled of its perfect mechanical efficiency. He eould say, 
frwa several visits he had made to that dock, he was quite tatislied with 
ita mechanical action, which waa in all respects efficient and satisfactory ; 
that the raising was done in a sufficiently short time; that the pontoons 
were readily floated into shallow water, and into their herths, and iUiat 
tike Teasels were perfectly steady and firm upon the pontoons, whilst 
being repaired. 

Tbe next point he would touch upon wat with regard to the effect, 
mdvantsgeous, or disadvantageous, of elasticity in tne pontoon itself. 
Ho considered, that practically the elasticity waa too minute to be of 
any consequence, either one way or the other, and this waa proved by 
the absence of any ill effects on coppered vessels. The hackling up of 
the copper was a good indication of a vessel losing her sheer, or beoom- 
ing • hogged ;' but no such effect had been detected, so far as he was 
informed; and therefore, the elasticity of the pontoon might be safely 
neglected in the consideration of this subject. 

With regard to the comparison between this and other descriptions of 
graTing docks, the only description of dock with which it eould be fairly 
compared waa that where the graving docks opened out of basins, 
wherein the water was maintained at the level of high water. Ko 
doubt the docks in the Thames— Pitcher's graving dock, and othen of 
that olan— were very cheaply constructed, but theae were only suited to 
letting vessels in and out at particular states of the tide, and did not 
Apply to tbe exigencies of the trade aa it now existed. Taking a com- 
p4iiion between the hydraulic lift graving dock and docks of the 
Ofdioary kind entering out of badina, as above described, one of the 
1 of this dock appeared to be the (aciUty and economy, with 

I docking accommodation could be increasedji Supposing one 

gnvingdock to cost, in the above sittuition, about £15,000, 
and as a very fuU estimate, that a Hydraulic Lift Dock, with one large, 
pontoon, cost about the same money (in both cases dams, engines, tjui 



all other expenses being included), then, by tbe supply of one additional 
pontoon, with berth for the same, at an expenditure oC at the outside, not 
more than jt'l5»000, the dock accommodation would be doubled, whereas, 
to do the same thing with the ordinary graving dock would cost £40,000, 
or double the original cost, les» steam engines and pomps. Ho would 
e»>nclude with a rt?mark aa to the larger amount of q\mf frontage which 
must be destroyed in the event of constructing six ordinary graving 
docks out of the main basin, as had been proposed. If the entranoea 
averaged 60 feet in width, there would be a loss of no less than 480 feet 
of quay, which would evidently be a serious loss commercially. 

(Ttf £tf eonelvdid in our not,} 



EECENT PEOGBESS OF SCIENCrE.* 
By W. E. Gbovk, F.E.S., 

Fresidont, British AMOcialion for ibo Adiriu}c«m«ai of Soienoe, 186i9*l7. 
{Otneludtd from pn^t 256.) 

I MAY perhaps be permitted to rccal a forgotten experiment, 
which m-arlr a quarter of a century ago I showed at the 
London Institution, an cx^jerimeut simple enough in itself, but 
whit'h then »cemed lo me important from the rouBeouences to 
be deduced from it» and tbe importance of which will be much 
better appreciated now than then. 

A tram of rnuUiplying wheels ended with a small metallic 
wheel which, when the train was put in motion, revolved with 
extreme rapidity against the periphery of the next wheel, n 
wooden one. In the metallic wheel waa placed a small piece of 
phosphorus, and as long as the wheels revolved, the phosphorus 
remained unchunged» buttlie moment the last wheel was stopped 
by moving a small lever attached to it, the phosphorus burst 
into tlame. Mj object was to show that while motion of the 
mass continued, heat waa not generated, but that when this was 
arrested, the force continuing to operate, the motion of the mass 
became heat in the particles. The experiment differed from 
that of Eum ford's cannon- boring and Davy's friction of ice in 
showing that there was no heat while the motion waa unresisted, 
but that the heat was in some way dependent on the motion 
being impeded or arrested. We have now become so accustomed 
to this view, that whenever we find motion resisted we look to 
heat, electricity, or some other foree as the necesaaiy and 
inevitable result. 

It would be out of place here, and treating of matters too 
familiar to the bulk of my audience, to trace how, by the 
labours of Oersted, Seebt'ck, Faraday, Talbot, Daguerre, and 
others, the way has been prepared for the generalization now 
known as the correlation of forc4?s or conservation of energy, 
wbUe Davy, Rumford, Sequin, Mayer, Joule, Helmhofts* 
Thomson, and others (among whom I would not name myself, 
were it not that I may be misunderstood and 8nppo,sed to hava 
abandoiled all claim to a share in the initiation of this, as I 
believe, important generalization) have carried on the work, and 
how, sometimes by independent and, aa is commonly the case, 
nearly simidtaneouB deductions, sometimes by progressive and 
accumulated discoYerieB, the doctriue of the recipnx'il interaction 
of the quantative relation, and of the necessary dependence of 
all the forces has, I think I may venture to say, been established* 

If magnetism, be, as it is proved to be, connected with the 
other forces or afieetjons of matter, if electrical currents always 
produce, as they are proved to do, lines of magnetic forc«, at 
right ^mgles to their Imes of action, magnetism must be cosmical* 
for where there is heat and light, there is electricity and con- 
sequently magnetism. Magnetism, then, must be cosmical and 
not merely terrestriiil. Could we trace magnetism in other 
planets and suns as a force manifested in axial or meridional 
lines, ix, in lines cutting at right angles the curves formed bj 
their rotation round an axis, it would be a great step ; but it la 
one hitherto nnaceompUshed. The apparent coincidences between 
the maxima and minima of solar spots, and the decennial or un- 
decennial periods of terrestrial magnetic intensity, though only 
empirical at present, might tend to lead us to a knowledge of 
the connexion we are seeking ; and the President of tho Royal 
Society considers that an additional epoch of coincidence has 
arriYed, making the fourth decennial period ; but some doubt ia 

* Itwagiirtl AddrMt dotlrarvd at tba Jjuiaal Mating of th« British AsaOfliatUHt, 
Jlotl^liiiD, Aognai, IMSl 
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tbrowTi upon these coincidpDCes by the mapietii? ohserrations* 
luade at the Grcenwicli Observatory. In a paper published in the 
* XransactiODS of the KoyaJ Socifty,* 1863, the Astronomer Koyal 
8Ays» speaking of results extending over seventeen years, there 
is no appeaniDCe of decennial eyele in tlie recurreuee of great 
magnetie diftturbanees ; and Mr, Glaiwher last year, in the 
physical section of this Association, stated that after |)ersevenD;j 
examination he had been unable to trace any connexion between 
tLe raagnetisin of the earth and the spots on the sun- 
Mr. Airy, however, in a more recent paper suggests that 
current;* ot magnetic force havinjf reference to the solar hour 
» ure detected, and seem to produce vorticfs! or circular dis- 
turbances, and he invites furtlier co-operative observation on the 
subject, one of the highest interest, but at present remaining in 
great obscnrity. 

One of the most startling suggestions as to the consequences 
resulting from the dynanucnl tiieory of heat in that made by 
Mayer, that by the loss of vh v^iva occasioned by friction of the 
tidal wavc!*, as well by their forming, a^ it were, a drag upon 
the earth's rotatory movement, the velocity of the eartli's 
rotation must be gnidually diminishing, and that thua. unless 
sonu^ undiscovered comp«*njtatory action exist, this i\>tatioa must 
ultimately cease, and changes hardly calculable taLe place in 
the solar !*ystem, 

M. Dehiunay considers that part of the acceleration of the 
moon*s mean motion which is not at present accounted for by 
phinetary disturbances, to be due to the gradual retardation of 
the eartli's rotation; to which view, afttT an elaborate in- 
restigation, the Astronomer Koyal haii given his assent. 

Another most intoresting speculation of Mayer is that with 
which you are taniiliar, viz., that the heat of tht' sun is occasioned 
by friction or percussion of meteorites falling upon it : there art* 
some dilKculties, not perhaps insupemble, m this throry. 
Supposing such cosmical bodies to exist in sutllcient numbers, 
they would, as they revolve round the sun, fall into it, not as 
an aerolite falls upon the eartli direetly by an intersection of 
orbits, but by the gradual reduction in size of the orbits, 
occasioned by a resisting mpdiniu ; some portion of force wotiki 
be lost, and heat generated in space by friction against such 
metlium ; win n they arrive at the sun they would, assuming 
them, like the ]>lanets, to have revolved in the same direction, 
all impinge in a dtfinite direction, and we might expect to see 
some svmptoms of such in the sun's photoiiphere ; uut though, 
this is in a constant state of motion, and the direction of these 
movements has been carefidly invest ijpted by Mr. Carringtou 
and otliers, no such general direction is detected ; and M. Faye, 
who some time ago wTote a paper pointing out many objectiuns 
to the theory of solar heat being produced by the fall of 
meteoric botiies into the sun, has recently investigated the 
proper motions of^ sun-spots, and believes he has removed 
certain apparent anomalies and reduced th fir motions to a certain 
regularity in the motion of the photosphere, attributable to 
some general action arising trom the internal mass of the sun. 

It might be ex])eeted that comets, bodies so light and so easily' 
deflected from their course, would show some symptoms of 
being acted on by gravitation, wvre such a number of btxbes to 
exist in or near their paths as are presupposed in the mechanical 
theory of solar lieat. 

Assuming the nudulatory theory ofbght to be true, and that 
the motion whieh eunstitutes light is transmittrd across the 
interplanetary spaces by a highly elastic ether, tlii^n, unless this 
motion is nmfined to one direction, unless there be no inter- 
ference, unless thiTo Ik* no viscosity, as it is now termed, in the 
medium, and comsequently no friction, light must lose uomcthiiig 
in its progress from distant luminous bodies, that ia to aay, 
must lose sometliing oa light ; for, as all retlccting minds are 
now convinced that force cannot be annihilated, the force is not 
lost, but its mode of action is changed- If light, then, ia lost as 
light (and the observ-ations of Struv^ seem to show this to be so, 
that, in feet, a star may be so far distant that it can never "be 
seen inconsequence of its luminous emissions becoming extinct), 
what becomes of the transmitted force lost as light, but existing 
in some otluT form? So with heat: our sun, our earth, and 
planets are constantly radiating heat into sj«ice, ho in all 
probabdity are the other suns, the stars, and their attendant 

J planets. What becomes of the heat thus radiat^^d into apace P 
ft/w umvvrse havo no limit, and it is ililOt-idt to conceive one, 
iLero is a constuut avolation of heat and light ; and yet more is 



given off than is received by each cosmical body, for ntherwi< 
night would be as liglit and as warm as day. What ijecomes ol 
ttu" enormous tbrce thus apparently non-recurrent in the si 
form? Does it return as palpable motion? I>oes it move 
eoutribute to move suns and planets? and can it be con<'eived 
a force similar to that which ^^ewton sjieculaied on as univei*»<all; 
repulsive and capable of being aubstitnted for univemj 
attraction ? We are in no position at present to answer sud 
questions as these ; but I Know of no problem in celeal; 
dynamies more deeply interesting than this, and we may In? 
farther removed from its solution than tht* predcc<.*sson* of ^^c 
ttm were Irom the simple djmaraical relation of matter to 
whieh that potent intellect detected and demonstrated. 

Passing from extra terrestrial theories to the narrower field 
molecular physics, we find the doctrine of correlation of fore 
Hieadily makmg its way. In the Bakerian Lecture for I 
Mr. 8orby shows, not perhaps a direct correlation of meehanit' 
and chemical forces, out that when, either by solution or 
cbemtcal action, a change in volume of the ivsuUing substani 
as compared with that of its separate ctmstituents is elfect^r 
the action of pressure rctanln or promotes the change, accordi; 
as the substance formed would occupy a brger or a sniaU< 
space than that occupied by its si-jiarate constituents ; the s] 
j>licatiou of these experiments to geological incjuiries as to ful 
lei'rant'an clmnges which may have taken place under great prei 
sure, ia obvious, and we may expect to Jorm compoimds 
artificial compression whieh cannot be found under noi 
pressure. 

In a practical point of view the power of converting one moi 
of force inio another is of the highest importance, and wi 
reference to a subject which at present, stmiewhat prematurcl; 
perhaps, occupies men's minds, vi^„ the prospective exhaustici 
of our coal- fields, there ia every encounigement derivabJ 
from the knowledge that we can at will pn>duco heat 
the expeiulilure of other forces; but, more than that, we maj 
probably be enabled to absorb or atore up as it were difTufi^ 
energy ^ for instance, Berthelot has found that the poteotii 
energy of formate of potash is much greater than tlmt of i1 
proximate constituents, caustic potash and ear Ixmic oxide. TI 
change may take place spontaneously and at ordinary ttimpei 
turea and [iy such change carbonic oxide becomes, s«i to fcjieal 
re-invested ivith the amount of potential energy whieh it<» cirli 
posaeased before uniting with oxygen, or. in otlier words, tl 
carbonic oxide is raiseti as a force -possessor to the pla<^ 
carbon by the direct absorption or conversion of heat fi 
surrounding matter. 

H<^re we have as to force-absorption, an analogous reemlt 
that of the fommtion of coal from carbonic acid auil water ; am 
though this is a mere illustration, and may never becoi 
economical on a large scale, still it and similar examples maj 
calm apprehension as to future means of supplj^nng heat, shotili 
our present fuel become exhausted. As the sun's force, spent ij 
times long pant, is now returned to us from the coal whvch wj 
formed by that light and heat, so the sun's rays, which aj 
daily wasted, as tar as we are concerned, on the sandy deserti 
of x\fnca. may herealVer, by chemical or mechanical [neans, W 
made to light and wann the habitations of the deiii£<*ns of 
colder regions. The tidal wave is, again, a large res errotr of 
force hitherto almost tmused. 

The valuable researches of Prof. Tyndnll on radiant h 
afford many instances of the power of localizing, if the term b« 
permitted, heat which would other^vise be dissipated. 

The discoveries of 'Gniham. by which atmospheric air* dniini 
through iibns of caoutchouc, leaves behind half its nitrogen, or, 
in other words, becomes richer by half in oxygen, and hencf luu 
a mucli increased piitential energy, not only_ show a mont !*- 
markable instance of physical molecular action, merging mta 
chemical, but atlbrd ua indications of means of storing up furw, 
much of the force used in working the aspirator bcinj* cnfwiKle 
at any period, however remote, of being evolved by burning the 
oxygen with a combustible. ^ ^tf. 

What ehanges niay take place in our modes ©f anplying fofW HI 
before the coal- fields are exhausted it is impossible lo prrdirt- " 
Even guesses at the probable period of their exliaustiou ttt 
uncertain. There is a tendency to substituU^ tV>r suicUmii? in 
mefallurgic jirocesses, liquid chemical action, which of «'*«nF<c 
has the etffct of saving fiiel ; and the waste of fuel in ordinny 
operations is enormous, and can be much ceonomixed by alftas4j 
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known professes. It is trut* that we are, at present, far from 
seeinjr a practical mode of replurinij that Rmuary of force the 
coal-helds ; hat we may with confidence rely oti inveutinri heing 
in thi» casct as in others, horn of neceasitj, wIicd the necessity 
arises. 

I will not further pursue this subject; at a time when geience 

and cirilizii-tion cannot prevent large tracts of country being 

|irrigiitcd hy human blood in ordmary to gratify the amfiition of 

[a few restless men, it seeujs an over-reftned i^ensihQity to occupy 

ounn'kes with providing mcam for our deacendant!! in the 

^ tenth fceneratioti to warm their dwellings or propel their 

locH>inotive«. 

Tw*o very remarkable applications of the convcrtibihty of 
l^rce have been recently attained hy the cxperinTcnts of Mr. 
^^^Llde and Mr. Holtz : tiie former "finds that, by couFeying 
electricity from the ix>ils of a niagneto-oloetric machine to an 
electn> magnet, a considerable increase of electrical power may he 
fcttained, and by applying this as a magneto-clectnc machine to 
second, and in turn to a third ek^-tro^ magnetic apparatus, the 
urce is largely auguiented. Uf course, to prirtluce this increase, 
nore mechanical force must be used at each step to work the 
neto-electrie machines ; but provided this be supplied there 
lly SiH^ms a limit to the extent to wliich mechamcal may be 
"ert^d into electrical force. 
Mr. Holtz Las contrived a Franklinic electrical machine, in 
rhich a similar principle is mimifested. A varnished glass 
plate i*s made to revolve in close proximity to another plate 
^^Laviog two or more pieces of card attached, which are electrified 
^■py a bit of rubbed ijlass or ebonite; tlie moment thi*« is eifected 
^^b resistance is ftlt by the operator who turns the handle of the 
^^miiichioe, and the slight temponiry electrizjition of the card con- 
l^frerts into a continuous Hood of intense eleetrieity the force 
r^ supplied by the arm of the operator. 

- These results offer great promise of extended application ; they 

^Mihow that* by a mere formal disposition nf matter^ one force can 
^^e couvertetf into another, and that not to the limited extent 
^^PLithcrto attained, but to an extent eo-onltnate. or nearly so, 
^Klrith the increa^sed initial force, so that, by a mere change in the 
^■arrangement of apparatus, a means ot*^ absorbing and again 
eliminating in a new torm a given force may be ol>ta]ned to an 
l^^indeiinit^ extent. As we may, in a not very distant future, 
^■Beed, for the daily uses of nmnkind, beat, light, and mechanical 
^RTorce, and find our present resources exhausted, the more we 
can invent new modes of conversion of forces, the more prospect 
we have of practically supplying such want. It is hut a month 
-x)m this tmie that tlie greatest triumph of force-conversation 
as been attained. The clu^micml action generated by a bttle 
ut water on a few pieeeg of zinc will now enable us to converse 
rith inhiibitants of the opposite hemisphere of tkis planet, tlie 
^***Tltic Telegi-aph i« an accomplished tact, 

♦ *#•*• 

The facts made known t^ us by geological inquiries, wliile on 

he one hand they afford striking evidence of continuity, on the 

ther, hj the breaks in tlie record, may be used as arguments 

gainst It. The great question once was, whether these chasms 

^tvpresent sudden changes in the formation of the earth's crust, 

or whether they arise from dislocations occasioned since the 

original depositions of strata or from graduid shifting of the 

areas of submergence. Few geologists of the present day would, 

_I LmagiiMj, not adopt the latter alternative. Then comes a 

econd question, whether, when the geological formation is of a 

ontinnous character, the diQerent characters of the fossils 

represent aTisolutely permanent varieties, or may be explained 

by gnidual modifying charges. 

Prof. Ansted, summing up the evidence on this head a« 
applied to one division of stratified rocks, writes as follows : — 
** Palajootologist.s have endeavoured to separate the Lias into a 
number of subdivisions, by the Ammonites, groups of species 
of those shells being characteristic of diflerent zonQH. The 
rvsJr'Qce on tliis point rests on the assumption of specific 
diHereuces being indicated by permanent modifications of the 
structure <>f the shelL But il is quite possible that these may 
mean nothing more than wouhi be due to some change in the 
conditions of existence. Except between the Marlstone and the 
Upper Lias there is really no Palrcontcjlogical break, in the proper 
Bcnse of the words ; alterations of form and size ccm'Jt^quent on 
^Ue occurrence of eireiimstances more or less favourable, migru- 
tof ipecies, and other well-known causes, sutficiently account 
f of tUotfe moditJcatioaa of the fonnof thegheU that have 



been taken aa specific marks. This view is streEgtbened by the 
fact that other shells and other organisms generallv show no 
proof of a break of any importance except at the pomt already 
alluded to." 

But, irrespectively of another deficiency in the geological 
record, which will be noticed presently, the physical breaks in 
the stmtilictttion make it next to impossihle to fairly trace the 
order of succession of organisms by the evidence aj^brded by 
their fossil remains. Thus there are nine great breaks in the 
Paljpozoie series, four in the Secondary, and one in the Tertiary, 
besides those between Palteozoie and Secondary, and Secondary 
and Tertiary respectively. Thus in England there are sixteen 
im|)urtant breaks in the succession of strata, together with a 
number of less important interruptions. But although tJieie 
breaks exist, we finii pervading the works of many geotogista a 
belief, resulting from the evidence presented to their minds, 
sometimes avowed, somc*times untX)nseiously implied, that the 
auccession of species bears some definite relation to the succession 
of strata. Thus Professor Itamsay says that '* in cases of super- 
position of fossiliferouH strata, in proportion as the species art* 
more or less continuous, that is to say, as the break in tlie 
succession of life is partial or complete, so was the time that 
elap.sed between the close of the lower and the commencement 
of the upper strata a shorter or a longer interval. The break in 
life may be indicated not only by a diiference in species, but yet 
more iinportn.ntly by the absence of older and appearance of 
newer allied or unallied genera." 

Indications of the connexion between cosmieal studies and 
geological researches are dawning on us : there is, for instance, 
some reason to believe tliat we can trace many goologieal 
phenomena to our varying rotation round the sim ; thus, more 
than thirty years ago Sir J. Herschel proposed an explanation 
of the changes of elinmte on the eartlf s surface as evidenced by 
geological pnenoraena, foimded on the changes of exceutricity in 
the earth's orbit. 

He said he had entered on the subject "impreased witb the 
mngnifieence of that view of geological revolutions which regards 
tlirm rather as regular and necessary eflbrts of great and general 
causes, than as resulting from a series of convulsions and 
eat^i strophes regulated by no laws and reducible to no fixed 
principles.'* 

As the mean distance of the earth from the sun is nearly 
invariable, it would seem at first sight that the mean annual 
supply of hght and heat received by the earth would also bo 
uivanable ; but accoribng to his calculations it is inversely 
propoiiional to the minor axis of the orbit: this would give leas 
licat when the excentricity of the earth's orbit is approacliing 
towards or at its minimum. Mr. Croll has recently shown 
reason to believe that the climate, at al! events in the circum- 
polor and temperate zones of the earth, woidd depend on whether 
the winter of a given region occurred when the earth at iU* 
period of greatest excentricity was in aphelion or perihelion — if 
the former, the annual avenige of temperature woiild bo lower ; 
if the latter, it would be higher than when the excentrieity of 
the earth's orbit were less or appniached more nearly to a circle. 
He calculates the difference in the amount of heat at the period 
of maximum excentricity of the earth's orbit to be as nineteen 
to twenty-six, according as the winter would take place when 
the earth was in aphelion or in perihelion. His reason may be 
briefly stated thus : assuming the mean annual heat to be the 
same, wliatever the excentricity of orbit, yet if the extremes of 
heat and cold in winter and summer be greater, a colder elimiite 
will prevail, for there will be more snow and ice accumulated in 
the cold winter than the hot summer can melt, a result pro^ 
duced by the vapour (aided by the shelter from the sun's rays) 
saspended in cousequence ot the aoueous evaporation ; henee 
we should get glacial pt^riods, when the orbit ot the earth is at 
its greatest excentricit}% at those parts of the earth's surtaoe 
where it is wint^'5r when the earth is in aphelion ; carboniferoua 
or hot periods where it is winter in perihelion ; and normal or 
temperate periods when the excentricity of orbits is at a 
minimum ; all these would gradually slide into each other, and 
would proiJuee at long distant periods alternations of cold and 
heat, several of which we actually observe in geological records . 
If this theory lie borne out, we should approximate t-o a test 
of the time which has elapsed between different geological 
epochs. Mr. Croira computation of this would make it certainly 
not less than HJV^*>f> years since the last glacial epoch, a time not 
T«My kng isk K^ologiual oLromAo^y — probably it is much mote. 
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When we compare with the old theories of the earth, hy 
which the apparent changes on its surface were aeroiinted for 
by ooD^sions and cataclysms, tlie modem view inaugurated 
hy Lyell, your former rri'^ident, nud now, if not wholly, at all 
events to a great extent adopted* it seernsj strange that the 
referring past cbnnffes to similar causes to those which are now 
in operation should have remained uninvestigated uutLl the 

Erenent century ; but with this, as with other branches of 
nowledge, the most simple i« frequently the latest view which 
occurs to the mind. It is much more cany to invent a Deux ex 
mackina than to trace out the inJ^uence of slow continuous 
change ; the love of the nmrvelloua is so much more attractive 
than the patient investigation of truth, that we find it to have 
prevailed almost universally in the early stages of science. 

In astronomy we had crystal spheres, cycles, and cpicycleB ; 
in chemistry the philosopher's stone, the elixir vitte, the archseus 
or Btomaeh demon, anci phlogiston ; in electricity the notion 
that amber possessed a soul, and that a mysterious fluid could 
knock down a steeple. In geology a deluge or a volcano was 
supplied. In Pal®t:)ntology a new race was created whenever 
theory required it : how such new races began, the theorists did 
not stop to inquire. 

Tlie records of life on the globe may have been dentroyed by 
the ftision of the rocks, which would otherwiHc have preservea 
them, or by ciystailization atlter hydrothemial action* The 
earlier forms may have existed at a period when this planet was 
in course of formation, or being segregated or detached from 
other worlds or siystems. We have not evidence enough to 
speculate on the subject, but by time and patience we may 
acquire it. 

Were all the forms which have existed, embalmed in rock, 
the question jvould be solved ; but what a small proportion of 
extinct forms is so preserved, and must be, if we consider the 
circumstances necessary to fossilize organic remains. Ou the 
dry land, unwashed by rivc*rs and seas, when lua animal or 
plant dies, it undergoes chemical decomposition which changes 
its form ; it is consumed by insects, its skeleton is oxidized and 
crumbles into dust. Of the myriads of animals and vegetAblea 
which annuaUy perish, we find[ hardly an instance of a relic so 
preserved as to be iikely to become a permanent fossiL So 
a^ain in the deeper parts of the ocean, or of tlie larger lakes, 
the few fish there are perish and their remains sink to the 
bottom, and are there frequently consumed by other marine or 
lacustrine organisms or chemically dceomposcd. As a general 
rule, it is only when the remains are silted up by marine, 
fluviatile or lacustrine sediments that the remains are preserved. 
Greolopy therefore might be esmected to keep for us such 
organic remains only as were lilclv to inhabit deltaa or the 
margins of seas, lakes, or rivers ; hero and there an exception 
may occur, but the mass of preserved relics would be those of 
creatures so situated ; and so we find it, tlic bulk of fossil 
remains consists offish aad amphibia, shell-fish form the major 
part of the geological museum, limestone and chalk rocks 
rrequently consisting of little else tlmn a congeries of fossil 
shells. Plants of reed or rush-like character, fish which are 
capable of inhabiting shallow waters, and saurian animals form 
another large portion of geological remains. 

Compare the shell-iish and amphibia of existing organisnis 
with the other forais, and what a small proportion they supply ; 
compare the shell fish and amphibia oi Palseontology with tno 
other forms, and what an overwhelmiDg majority they yield. 

There is nothing* as Prof. Huxley has remarked, like an 
extinct order of birds or mammals, onfy a few isolated instances. 
It may be said the ancient world possessed a larger proportion 
offish and amphibia, and was more suited to their existence. I 
see no reason tor btdievlng this, at least to anything like the 
<?xtent contended for ; the fauna and flora now in course of 
being preserved for futxire ages would give the same idea to our 
successors. 

Crowded as Europe is with cattle, birds, insects, Ac, how few 
are geologically preserved ! whUe the muddy or sandy margins 
of the ocean, the estuaries, and deltas are yearly accumulating 
numerous Crustacea and mollnsca, with some fiahes and reptiles 
for f he study of future^ Paheontologists. 

If this position be right, then, notwithstanding the immense 

mimber o* preserved fossils^ there must hare lived an immea- 

tfur&biy larger jjuwher of unpreserved organic beings, so that 

lit^ chiacB q£ tUling up the missing links, except in occasional 



instances is very slight. Yet where circumstances liave re- 
mained suitable for their preservation^ many closely connected 
species arc preserved— in other words, while the intermediate 
types in certain eases are lost, in others they exist. The oppo- 
nents of continuity lay all stress ou the lost and none on the 
existing links. 

But there is another difficulty in the way of tracing a given 
organism to its parent form, which, from our conventional mode 
of tra4?ing genealogies, is never looked upon its proper light. 

Where are we to look for the remote ancestor of a ^ven form ? 
Each of us, supposing none of our progenitors to have inter- 
married with relatives^ would have had at or about the period 
of the Norman Conquest upwards of a hundred million direc^t 
ancestors of that generation, and if we add the intermediiite 
luicestors double that number. As each individual has a male 
and female parent, we have only to multiply by two for e«di 
thirty years, the average duration of a generation, and it will 
give the above result. 

Let any one assume that one of his ancestors at the time of 
the Norman Conquest was a Moor, another a Celt, and a third 
a Laplander, and that these three were presented wliilc all tho 
others were lost, ho would ncTcr r<x'Ognise either of them as hia 
ancestor, he would only have the one-hundred mdliontli of the 
blood of each of them, and as far as they were concerned tUefv 
would be no iM^re^^ptible sign of identity of race. 

But the problem is more complex than that which I bare 
stated ; at the time of the Conquest there were hardly a hondi^ 
million peoole in Europe, it follows that a great number of thje 
ancestors of the prnpontu* must have intermarried with relationi, 
and then the jpedigree, going back to the time of the Conquest, 
instead of bemg represented by diverging hues, would form a 
network so tangled that no skill could unravel it ; the hiw of 
probabilities would indicak^ that any two people in the sain^ 
country, taken at hazard, woidd not have many generations to 
go back before they woidd find a common ancestor, who pro- 
bably, could they fiavc seen him or her in the hfe, had no tmee- 
able resemblance to either of them. Thus two animals of a 
very diflerent form, and of what would be termed very diHerent 
'Species, might have a common geological ancestor, and yet the 
stdll of no comparative anatomist could trace the descent. 

From the long continued conventional habit of tracing pedi* 
grees through the male ancestor, we forget in talkmg of 
progenitors that each individual has a mother as well as a 
father, aiul there is no reason to suppose that he h&s in him 
less of the blood of the one than of the other, 

Tlie recent discoveries in Palaeontology show us thai man 
existed on this planet at an epoch far anterior to that oonuofMily 
assigned to him. The instruments connec^fced with human 
remains, and indisputably the work of human handi, show that 
to these remote periotls the term civilisation could hardly bo 
applied^ — chip|K^d flints of the rudest construction, probably, in 
the earlier cases, fabricated by holding an amorphooa flint in 
the hand and cliipning off portions of it by striking it against a 
larger stone or roclt ; then, as time suggest<?d impnyvements, it 
would be mom carefully slmped, and another stone used as a 
tool ; then (at what intervals we can hardly guess) it would be 
ground, than roughly polished, and so on — subsequently bitmie 
weapons, and^ nearly the last before we come to historical 
periods, iron. 8ueh an apparently simple invention as a wheel 
must, in all probability, have been far subsequent to the rude 
hunting tools or weapons of war to which I have altndcd. 

A litfle step-by-step reasoning will convince the unprejndic^td 
that what we cafl civilisation must have Ijeen a gradual process; 
can it be supposed that the inhabitants of Central Amenoi or of 
Egypt suddenly, and what is called instinctively, built their 
cities, carved and ornamented their monuments? If not, if 
they must have learned to construct such erections,, did it not 
take time to acquire such learning, to invent tools as ocfasioo 
required, contrivances to raise weights, rules or laws by which 
men acted in concert to eflect the design ? Did not' all this 
require time H and if. as the evidence of hi.storical times shows, 
invention marches Ts-itli a geometrical progression, how «loir 
must have been the earlier st4?ps ! If even now habits and prr- 
judiee resulting therefrom, vested interests, itc, rv^taitl for 
some time the general application of a new invention, what must 
have been the degree of retardation among the compumtatelj 
uneducated beings which then exist^'d ? 

I have, of course, been able to indicate only a few of thi* 
arguments on this most interesting subject ; for detafl»A 
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Hie works of Darwin, Hooker, Huxlej, Carpenter, Lyell, and 
otiiera muflt be? examined. If I appenr to lean to the view that 
the incoessive changes in orf^anie brings do not take plae'3 bj 
suddt^ leap^, it ist I believe, from no want of an impartial 
feeling; but if the faets are sir mj^er in favour of one theory 
than another, it would ]>e an affectation of impartialitj to make 
the balonee appear equipoised. 

The prejudiees of cdiK^tion and association!* with the pant 
are a^mst this as against all new views ; and while on the one 
hand & theorv i» not to be accepted beeause it i« new and prtmd 
facie plauHible, still, to this ansembly I need not say tliat its 
running eoimt-er to existing opinions is not neeeasariJy a reason 
for its rejeetion ; the ouufi probandi should rest on those who 
advance a new view, but the degree of proof must dillbr wilh 
tlie nature of the subject. Tlje fair question is. Does the newly 
prop»>?itHi view remove more dithcnltiesT require fewer assninp- 
tionHf and present more ccmsisteney with observed facts ihan 
that which it seeks to supersede ? if so, the philosopher will 
adopt it. and the world wilJ follow the jihilosopher — «f]er many 
days. It must be borne in mind that even if we are satisfied from 
m persevering and impartial inquiry that organic forms have 
varied indefinitely in time, the caufta cauMinH of these ehangea 
is not explained by our researches ; if it be admitted that we 
find no eridcnce of amorphous matter suddenly changed into 
complex structure, stdl why matters should be endowed with 
the plasticity by wliich it slowly acquires modified structure is 
unexplained. If we assume that natural selection, or the strug- 
gle for cxistonee, ermpled with the tendency of bke to reproduce 
uke, gives rise to various orgfinie changes, still our researches 
are at present uniDstruelivc as to why like should produce like, 
why acquired characteristics in the parent should be repro- 
duced in the oflspring. Keprr^duction itself is still an enigma, 
and this great fjuestion may involve deeper thoughts than it 
would be suitable to enter upon now. 

Perhaps the most convincing argument in favour of continuity 
which could be presented to a doubting mind would be the 
diiBeulty it would feel in representing to itself any per saUum 
act of nature. Who would not be astonished at Deliohimg an 
oak tree spring up in a day, and not from seed or shoot? We 
k are forced hj experience, though often unconsciously, to believe 
I in continuitj^ as to all elfects now taking place ; if any one of them 
"be anomalous, we endeavour, by tracmg its history and c^n- 
comitaut circimistancest to find its cause, t. c. to relate it to 
antecedent phenomenft ; are we then to reject simdar inquiries 
as to tiie past ? is it laudable to seek an explanation of present 
changes by observation, experiment, and analogy, and yet repre- 
henaiole to apply the sann* mode of investigation to the past 
history of the earth and of the organic remains emlmlmed in it ? 

If we disbelieve in sudden creationa of matter or force, in the 
sodden formations of complex organisms now, if we now assign 
to the heat of the sun an action enabling vegetables to bve by 
assimilating gases and amorphous earths into growing struc- 
tures, why should such ettects not have taken place in earlier 
periods of the world's bistorj^ when the sun shone as now, and 
when the same materials existed for his rays to fall upon ? 

If we are satisfied that continuity is a law of 'nature, the true 
expression of the action of Almighty Power, then, though we 
may humbly confess our inability to explain why matter ia 
impn»<<Hed with this gradual tendency to structural forauition, 
we should cease to look tur sjjedaJ inti*rventions of creative 
power in changes which are djtBcult to imderstand, because, 
being removed from us in time, their concomitants are lost ; we 
should endeavour from the relies to evoke their iustory, and 
when we find a gap not try to bridge it over with a miracle. 

If it be true that continuity pervades all physical phenomena, 
the doctrine applied by Cuvier to the relations of the diOerent 
parts of an anmial to each other might be capnble of grt^nt 
ext<*nsion. All the phenomena of inorganic and organised 
matter might be expected to Ixi so inter-remted that the study 
of an isolated phenomenon would !ciid to a knowledge of nume- 
K)ii8 other phenomena i^Hlli which it is connected. As the 
antiquary deduces from a monolith the tools, the arts, the . 
habits, and epoch of those by whom it is wrought, so the 
student of science may deduce from a spark of electricity or 
a ray q\* light the source whence it is generated ; and by similar 

r cesses of reasoning oilier phenomena hitherto unknown may 
deduced from their pTOhable relation with the known. But, 
as with liglit, heat, magnetism, and electricity, tbotigh we may 
study the phenomena to which these names have been given, 



and their mutual relations, we know nothing of what they are ; 
so, whether we adopt the view of natural selection, of effort, 
of plasticity. Ac, we know not why organisms should have this 
nis^t^ Jhrmalimt^, or why the acquired liabit or exceptional 
quality of the indiyidual should re-appear in the offspring. 

Philosophy ought to have no likes or disbkes. tnith is h<?r 
only aim ; but if a glow of admiration be permitted to a physical 
inquirer, to my mind a far more exquisite sense of the beautiful 
is conveyed by the orderly development, hy the necessary inter- 
relation and inter-action of each element of the cosmos, and by 
the oon\netion that a bullet falling to the gtsound changes the 
dynamical conditions of the universe, than can be conveyed by 
mysteries, by convulsions, or by cataclysms. 

The sense of understanding is to the educated more gratifying 
than the love of the nmrvelloua, though the latter need never 
be wanting to the nature-seeker. 

But the doctrine of continuity is not solely applicable to 
physicjil inquiries. 

Jhe same modes of thought which lead us t-o see continuity 
in the field of the mieroHCope as in the umyerse, in infinity 
downwarcb as in infinity upwards, will lead us to see it in the 
history of our own race ; the revolutionary ideas of the so-called 
natural rights of man, and a priori reasoning from what are termed 
Jirst principles, are far moi-e unsound and give us far less ground 
for improvement of the race tlian the study of the gindunl pro- 
l^esBive changes arising from changed circumstances, changed 
wants, changed habits. Our language, our social institutions, 
our lawj^, the constitution of which we are proud, arc the growth 
of time, the product of slow adaptations, resulting frcmi con- 
tinuous struggles, Hnppily in tliis country, though our pMo- 
sophical writers do not always recognise it, practical experience 
bus taught us to improve ratner than to remodel ; we follow the 
law (if nature and avoid cataclysms. 

The superiority of man over other animals inhabiting this 
phiiiet, of^ civilized over savage man, and of the more civilised 
over the loss civilisscd, is proportioned to the extent which his 
thought can grasp of the past and of the future. His memory 
reaches further back, his capability of prediction reaches further 
forward, in proportion as his knowledge increases. He baa not 
only personal memory which brings to his mind at will the 
ovents of bis indi\ndinil fife,— he has history, the memory of 
the race ; he 1ms geology, tlie liistory of the planet j be ha» 
astronomy, the geology of other worlds. Whence does the con- 
viction to which I have alluded, that each material form bears 
in itself the records of its past history, arise ? Is it not from 
the belief in continuity ? Does not the worn hollow on the rock 
record the action of the tide, its stnitifi<Hl hiyers the slow 
deposition by which it was formed, the orgamc remains im- 
bedded in it the beings Hviog at the times these layers were 
deposited, so that from a Iragment of stone wo can get the 
bistory of a period myriads of }'eiirs ago? From a fnigiuent of 
bronze we m*y get the liistory of our race at a period antecedent 
to tradition. As science advances our power of reading this 
history imprtnes and is extended, Satuni's ring may help us 
to a knowledge of how our solar system developed itself, for it 
as surely contains that history as the rock contaius the record 
of its own fornnition. 

By this patient investigation bow much havi? we already 
beamed, which the most civilised of ancient human races 
ignored I While in ethics, in politics, in poetry, in sculpture, 
in painting, we have .scarcely, if at all, advanced beyond the 
highest intellects of ancient (Jreece or Italy, how great are the 
steps we have made in physical science and its applications ! 

But how much more may we not expetH to know P 

We, Ephemera as we are, have learm?d by transmitted 
labour, to weigh, as in a balance, other worlds larger and 
heavier than our own. tx> know the length of their ^y% and 
years, to measure their enormous distance from us and from 
each other, to detect and accurately ascertain the influence they 
have on tlie movements of our world and on each other, and to 
discover the substances of which they are composed ; may we 
not fairly hope that similar methods of research Uy those which 
have taught us so much may give our race further information, 
untQ problems relating not only to remote worlds, but possibly 
to organic and sentient beings which may inhabit thera, problems 
which it might now seem wildly visionary to enunciate may bo 
solved by progressive improvements iu the modes of applying 
observation ana experiment, induction and deduction* 
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TffEOKY OF THE mFLTJENCE OF FETCTION TJPON 
THE MECHANICAL EFFICIENCY OF STEAM .♦ 

By W, J, M-iCQUOBK Ranktnk, C.E., LL.T). 

h Attention has been called to the fact tliat the heat pro- 
duct'd hy the friction of the pistons, piston-rods, and tninks of 
st^am -engines must be wholly or partly cominimicated to the 
steam, and muat thus afloct the work of the steam and the 
expetiditnre of heat npon it. The object of the ]jHN."ftcnt iMiper is 
to point out how that fact, when treated accordiuff to the prin" 
ciples of thermodynamics, affects the efficiency of tie steam. 

2. The moat general and clementaJT wav of considering the 
snbicct is aa follows :— Let W denote th(> wiiole indicated work 
of the steam in a given time, ineluding that which ia lost through, 
friction in the cy finder ; let F be the part of that work wluch ia 
so lost, so tliat W — F h the available work ; also let H be tho 
whole expenditure of heat upon the steam iji the same time, ex- 
pressed in um"ts of work by the aid of the fij'st law of thermo- 

dynamics. Then .— i^ the efficiency of the steam when friction 

H 
ia not taken into account. If we take into account the loss of 
work through friction, but not the gain of heat, the efficieucy i« 



reduced to 



W — F 
H 



With respect to the gain of heat through 



frii.'tion, it is to be observed that if the cylinder is properly 
jacketed and protected, the whole of the heat due to the friction 
of the piston must be coinnninieated to the steam, and that^ if 
we consider the great superiority of slightly moist steam above 
air in conducting power, it is prtjbablo that a small fraction only 
of the heat due to the friction of piston rods a.nd trunks escapes 
T^-ithout being taken up by the steam also. If, then, we suppose 
that sensibly the whole due to friction in the cyhuder is takcu 
lip by the steam, there is a corresponding sa\dng in the expendi- 
ture of heat, and the efiBciency of the steam becomes 

^^■' '-' 

I>eing less than ^ , the efficiency neglecting friction ; but greater 
F 



than 



W^ 



H 



-. tlie efficiency when the loss of work is taken into 



account, but not the sa\Hng of heat. 

3. For example, let the case be taken of an engine in which 
the steam is admitted to the cylinder at an absolute pressure of 
40 lli.<m the square inch, being 253 lb. on the square inch above 
the atmosphere, the back pressure being 4 lb. on the sq^iare inch, 
and the rate of expansion 5 lb. The efficiency of the t^team in 

Much an engine, neglecting friction, is about 0'12 = -- . Sup- 

ix 
pose now that one-tenth of the indicated work is lost in triction 
m the cylinder, and that all the heat of friction is taken up by 
the stenm ; tliat is to say. let F = 01 W = 0013 H. Then the 
fraction 0*012 exprei*ses the saving of heat through friction, and 
the etTicieney is found by equation A to have the following 
value : W— F _ Ol'i — QOia _ 0108 _ ^.,^^3 

H — F rooo — 0012 oy88 

Tlie result of taking into accoimt the loss of work, but neglect- 
W— F_ 



mg the saving of heat, is — = — ^ 0*108. 
H 
4. The following is the result of apph^ng the principles of 
thermodrnamies more in detail to the process of expansive work- 
ing as aiiected by friction. During any small portion of the 
process of expansive working let d W he the total work done* in- 
eluding friction, and d F the part of tliat work which is lost in 
triction ; also let t be the absolute temperature at which the 
w ork d W is done, and k the real dynamical specific heat of the 
Mubiitanee. Tlien by the second law of thermodynauiics. the ex- 
nenditure of heat during the giveo small portion of the process 
IS dR = tdl>i 

in which the " thennodynamie function " ^ h&B the following 

value : — ^ ,1 1 _ # I rf W 

f^k hyp. log. f + -3— . 

If all the heat due to the friction is taken up by the working 
«iTibstance, let d H^ be the diminished expenditure of heat; then 
the thenuodynamic equation of the process beconietf 

dW=:dji — dF^td^—d^ , . (B) 

' i>/Mr/iMd before tka BritiMk AtfodatiaD, NottinghAm. 1866. 



And if, ta ia ofien aensiblj the case, the work done in frlelioQ b 

a constant fraction/ of the whole work, bo that d F ^=.fd W, ire 
have tho following equation : 

dB':=td^-~fdW . . . . . (C) 
5. The special mode of operation of fription in saving heat 
during the working of steam in ordinary steam engines probably 
consists in a diminution of the additional supply of hea.t required 
by the steam wliile in the cylinder, in order to prevent the 
acH!umuJation of liquid water there. It is known that during 
the expansive working of steam heat disappears : that part of 
such disappearance of heat (viz. from one-fourth to one-m\h of 
it) takes efrect in lowering the temperature of the steam to that 
corrcfiponding to the diminished pressure ; and that the remain* 
di^r (being from three- iourths to four- fifths) tends to produce 
liquefaction of part of the steam. Such liquefaction is known to 
cause indirectly great waste of heat, through the distillaiian of 
the liquid water into the condenser, and consequent abstractian 
from the cylinder of heat, which has to be supplied by means of 
an increased expenditure of boiler steam. In order to n*ali«e, 
therefore, the economy due to expansive w^orking,it is necesaary 
to keep the steam during the expansion nearly in a state of drr- 
ness ; and for that purpose it must be sup]>lied with heat to ite 
extent of from three-fourtlis to four- fifths of the heat which dis- 
appears during the expansion. That supply of heat may be con- 
veyed from the boiler either by means of a steam jacket, or of 
superheating, or by both methods combined; and tiie heat due 



by contributing to tliat supply, 
[licli it is neceg]§ary to obtain from 



to friction in the cylinder, 
diminishes the part of it whicl 
the boiler. 

6. The theoretical fonnulie for the indicated work and the 
expenditure of heat in a steam engine working with dry saturated 
steam arc as follows : — • 

Ij<^t the initial absolute temperature, absolute preasnre, and 
volume of one fionnd of steam be denoted, during the admiimoQ 
into the cylinder, by f^, ^|, and t\* and at the end of the eixpKo- 

sion by f^, p,, and e, ; so that -^ i» the rat© of expansion. 

''1 
Let/»|^ be the back pressure of the exhaust 9team in the 
cylinder, and /. tbe absolute temperature of the feed-water. 

Let a — h the tho approximate value, in units of work, of the 
latent heat of evaporation of one pound of waiter at the absoiuto 
temperature t ; the {xmstants being as follows : — 
a == 1 109550 foot pounds ; 

6 ^ 510 4 foot ix»unds per degree of Fahrenheit, or 
97272 fotJt- pounds per CVntigrade decree. 
Let J be .Ionic's equivalent of the specific heat of liquid water 
^ 772 foot-pounds for Fidircnhcit*s scale, or l,3dO foot-pounda 
for the Centigrade scale nearly. 

Let U denote the work done by a pound of steam, on the sup- 
position timt the back pressure is equal to the final pressuw* 
(Fa =i^a) i ^^^ W the whole indicated jrork done by a potmd 
of steam. 

Then F = ahyp,bg.^-M^-^) *..(!)) 

and W = U-f (^, — Ji;) c, . . . , (EJ 

also the expenditure ot heat per pound of steam is 

k-TJ ^a^bt^^htu—^*) - - . (F) 
Js^ow the total heat of evaporation of one pound of steam, at 
the initial temperature f j , is 

H, =r7-6/, +J(^j— f ) . . . . (G) 
and the diflerence between this and the total expenditure of heal 
i.s the additional heat which must be supplied to each pound of 
steam in order to prevent liquefaction in me cylinder, tliat is to 
say — ' 

= a hyp. log. -i — J (^ — f ,) 

• 
It appears by calculating numerical results in particular ( 

that H -^ H^ = tVoni 075 to OS U nearly . . (K) 

075 being the co-eindent at high temperature, and OH at low, 

7. It is out of this latter part ol the expentbture •>f heftt 
H — Hj that the saving is made tlirough the heat produced by 
the friction in the cylinder. The following are four exani];ile« 
of the theoretical calculation of the work and expendiluiv at 



(H> 



• For th^r d«monfltraHoii w»«* ** Phfl. Tnmt,," 1B£0, and •*_ ._ ^ 

Bt««7n Eni^iie fttid other Frkav Uorvn." p. aSR ; and A>r ftfippotiiii»t« fijBrtaiJb^ 
rrotftioa.! uic. tec aIso '^ The £nguifar«'* Jan. ^, 194M, p. 1, mm! " Uftefid KoIm ibI 
TubWs," p, tas. 
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be^ per pound of steam, and of the efficiencj, with and without 
JlJUflfmices for friction i — 

Ko. OF EXAMPLH. 

Tfmp^aturt^FakrmhHt. I. n, lir. iv. 

Ini^l, ordinary . . . 336deg.338deg. 247deg. 257deg, 

„ fibooliito; U ^ . . 799 „ 799 „ 718 „ 718 „ 

Final, ordinary . . 248 „ 203 „ 1 76 ,, 221 ,, 

„ fthsolut©, ^a = . . 709 „ 664 ,» 637 „ 612 „ 

Feed-water, ordiniiry . • 104 „ 104 ,^ 104 „ 104 „ 

„ BbfloMte; t^ = . 565 ^f 665 „ 565 „ 565 ,p 

^§$tHrts—tb, OM the »qudr$/Qot — 

Initial, ill = , , . 16680 16580 4854 4854 
Final»i7a= . , . 4152 1765 988 2524 

Bftok,^, = . . . 649 649 649 649 

V'&lumt$— cubic feU to ihi Ih.^ 

InitiBl. Vi = . . . 3 814 3-814 12'09 1209 

Find, r, = . . , 14*00 SI 26 63-92 22'34 

Rmtea of exponsion ^ = . 3*67 8*2 4'46 I'&fl 

Indicated work in foot-pounds 
per pound of at^^amt at 
preMuroB aboro tho filial 
preMure, U = . . 83930 132350 89000 37600 

Do, at preuurea below tho 
final prtissure {p^ — pa) 
»4 = . . . . 49042 34700 18140 41000 

Total indicated work, foot- 
pounds, per lb. of iteaUf 
W = . . . . 132972 167050 107140 7050O 

Heat expended in foot-poiinda 
per lb« of steam » before 
admission H, =^ , . 859175 859175 840139 840139 

Addkional heat to prevent 
liquefaction (without de- 
duction) H — Hi *= . 62778 100623 69964 29189 

Total heat expended (without 

deducUott) H = . . 921953 95979S 910103 860278 

Efficiency without fnctioii^=0'1442 0174 01176 0^0015 

Suppose oo-effieient of friction 
one-tenth, then work lost 
in friction and heat saved 
W 

. 13297 16706 10714 7950 

Ayailahla work W — F = .110675 160345 96426 71659 

Heat expended to prevent 
liquefaction, deductiog 
that saved by friotioni 
H — Hi — F.= , . 49481 83918 59250 2118 

Total beet expended, deduct- 
ing that saved by friction 
H — F = - . » 900656 ^43093 899389 861328 

Efficiency, allowing for fric- 

tion ^ ~ p - .. , 0'132 0*1596 0'1073 0*083 

%. Frtjm the preceding formtila? tind calculations it appears 
Aat although the heat prodnc^d hj fiictioD in the cjhnder 
makes hut a triftiog sa^Hng when compared with the whole heat 
expended, it may hecome considerable when compared with that 
part of the erpenditiire of heat which is employed to prevent 
liqiie faction of steam ia the cylinder, and may tlins co-operate 
vjefttily with the action of jacketing and superlieating. 

In reply to some observationa by Mr, Smltli and Mr. Bramwell, the 
latter of whom pointed oivt tbat the heat ffenerated would be earned 
awajr in part by the exhaust, Professor Rankin e said he was sorry tbat 
h» lliottldf have explained himself to badly in his original paper as to lead 
Mr. Bramwell and Mr. Smith to suppoaeLbat he regarded the heat gene- 
rated by friction as increastng the motive power. That was not what he 
bad intended to convey. He wa5 far from suppoaing tbar the heat gene- 
lated by friction added in thealightcat depee to the amount of the work- 
ing power of the steam, or even made the diminution of the work lesa 
than It would otbecwiae be« What he meant to convey was that the 
effect which he had ascribed to tho heat produced by friction was not a 
gain or savins of mechanical work, but dimply a saving of a portion of 
the heat which would otherwise bo lost in preventing liquefaction of the 
steam* Whatever quantity of heat was produced in the cylinder by 
friction, precisely to that extent would the heat which it was neoeaaarj 
to supply by means of jacketmg or superheatiDg be diminished. Steam, 
might be dried or superheated b^ wire-drawing, or passing through a 
small aperture without performing work. Most engineers, however, 
would agree with him that to dry or superheat steam by that method 
waa not eoonomioal , and that tho same object oould be hetter att^^ed 

r the direct apf lioatioti of heat. 
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ON THE DECAY OF MATES MLS IS TBOPICAL 
CLIMATES, .AJS^D THE METHODS EMPLOYED FOE 
AEEESTIiSG AND PEEVEJS'TLXG IT.* 

By Godf&bt Oatba Majw. 

The cause of the decay of materials in tropical climates, and 
the meanjs sncecssfTiUj employed to prevent such decay, must 
become an increasing matter of' interest to the Engineer, as well 
as to the English capitalist, not only from the rapid increase of 
public works in India, hut abo from the connection of Gre^t 
Britain with the extensive and rising empire of Brazil, with 
reference to which this Paper is especifllly written. 

The climate of Brazil is the most agreeable of any within the 
tropics, cither in the western or in the eastern nemisphere. 
This is especially the case in the Province of Pemambuco, 
where, probably, tlic temperature varies less than in any other 
quarter of the globe, as — 

The average temperature in tho night during the year is 64^. 

The average temperature in the shade during the rains is 78°, 

The average temperature in the shade during the hot season 
is 83°. 

The highest temperature in the sun during the year is 148**, 

The seasons, which, without doubts iniiueoce more than the 
tcTriperaturc the decay of materials, cannot be said to be ao 
regular, as regards particular months, as in India, or aa to tho 
quantity of rain falling during the year. The aaniml rainfall 
varies Irom 60 inches to 120 inches. Thus, in 1860, 67 inches 
fell, whilst in 1861, the rainfall amounted to 123 inches. In 
some years the rains commence tmusnally early, continue for a 
month or more, after which there may be a month, or even two 
months of hot weather ; when the raini again sot in for a short* 
or a lengthened period. In other yeara the rains commence 
late, and last only a short time ; or set in early, and continue 
for a long period, w^th intervals of days, or perhaps weeks, of 
sun, causing that peculiarity in the climate, excessive heat com- 
bined with much moisture, noticeable, more or less tliroughout 
the year, and which must be very tr>nng for the generahty of 
materials, more particularly railway sleepers, about which it is 
proposed first to treat. 

I'be first leng:ths of tlie permanent way of the Pemambuco 
Bailwuy were laid in Febrnar)% or March, 1^57, vrith creosoted 
sleepers of timber from the north of EuroiJC. Fair average 
gamples, taken out on the Ut December* 1863, show that the 
hall round intermediate sleeper is in the most perfect state of 
pr<.' serration, in fact, nearly as gixid as on the day it was put 
down ; wliilc the square sawn, or joint sleeper baa not withstood 
the effects of the cimate so well. Although the square sleeper 
does not exhibit a very favourable result, there can bo no doubt 
aa to the advisability of sending out, in the first instance, to 
India, Brazil, or any other tropical climate, in wliich a railway 
is being made, the whole of the nmterials required for the 
permanent way, as the Engineers and the contractors* agents, 
are, in nifiist cases, unacquaint^Hl with tho qualities of tropical 
timber, and tho locabty is generally unable to supply timber of 
good quality, in sulficient quantities, for the rapid construction 
of a line. Even if the required quantity could dc obtained, the 
natives are so well versed in the question of supply aud demand, 
tliat the native timber quickly assumes the price of imported 
creosot<*d sleepers. It is evident, from a sample whicii had 
bean laid nearly seven years before remoral, that creosote wiU» 
if properly applied to suitable descriptions of timber, prevent 
its decay in tropical climates. 

The points requiring e^ansiderfttion are, the quality and form 
of the sleeper, and the kind of ballast in which it will be most 
advisable to lay it. About 12 miles of the Pemambuco llailway 
are entirely laid with creosoted sleepers, principally in white 
sand. In this description of ballast, the half-round sleepers 
hare Buffered, since the opening of the &8t sectiuo of the line 
in 1868» a depreciation of not more than 1 per cent., whilst 
the square sawn sleepi^rs have experienced a depreciation of not 
less tlian 50 per cent. Had ttie latter been placed in wet 
cuttings, with ballast retentive ofmoisture, no doubt the whole 
of them would have required to be renewed. Hence it if* 
evident, that the smaller and closer grained wood isi much mor«? 
lasting than the larger and mcire porous description ; aud that 
fine open sand ballast, which allows a free drainage during the 
rains* is bctit adapt cjI for the preservation of sleepers in th« 

• Bead befow Uie liutlttitiotKjf Civil Bngiatfen, 
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tropics. ThtB has been satisfArtoriljnroTod in 10 mtlea of road 
laid with creasoted ami ^itb uativt*sleeper8, in a muced dcse- 
riptioQ of baUastr in whicli neither has stood so well as in Lho 
fine sand. 

Ah regards the fomi, the gfinpral opinion in Pemarahaco is in 
farour of the half round, as it allows the water, during the wet 
season, to pass awny more freely, than is the case with the 
square sawn sltH^]>er. 

In 1859, whilst the works of the second section of the Per- 
nambuco Railway were in progTe«8, the Government Engineer 
Pixcal, Signor Manoel de Barras, advised the use of native 
filee|>era ; but, bevotid giving a liat of those timbers he con- 
sidered anitoble, he did not, in any way, assist the Company's 
Engineer with any facts as to the peculiarities of these timbers. 
The result was, that the wood was cut at unfavourable seasons, 
and the progress of the works being rapid, the sleepers had not 
time to drr, but were tised in a perfectly green state, so that 
shortly auer the opening of any soetion, the renewal of the 
sleepers had to be eojumeneed. On the fourth and last section, 
this took place within a month after it was opencd- 

From this it might be inferred, that there does not exist in 
Brazd timber, either in quality or quantity, fit for railway pur- 
poses ; but such is not the ease, as there are numerous qualities 
of the finest wood in the world, and about as inexhaustible aa 
the coal-fields of Great Britain, 

The question may be a&ked, why then has this supply not 
been made available ^ In repl}-, it may be said, that there is an 
entire want of all stati.'^tieal or reliable information amongst the 
people themselves. They continue to employ what their fore- 
fathers used, and if it server their purpose, they have not the 
least desire to tind out anj^hing better, or more available. This 
seems to obtain in all tropicjil climates, so that the raili^ay 
pioneer finds himself without data to guide him, and it is only 
after a residence of many years in any one of tliese countries, 
tliat personal and gradually acquired experience can guide the 
Engineer to a judicionn use of t lie resourcfs of the country » and 
instire his not committing any serious error. 

Radway sleepers being a new feature in Brazil, the railway 
Engineers had to seek for inforination, as t-o the durability of 
the innumerable varieties of timber existing in the country. 
The result was, that scarcely two opinions were found to agree ; 
ignorance or cupidity in most cases influencing the information 
given. Consequently most unsuitable descriptions were used, 
which now (as previously stated), after being laid but a abort 
time, require extensive renewals. Still, some of the samples 
wfford endence, that there is wood m Brazil that will last 
for an indclinite period. The opening of tlie railways into 
tho interior will iioubtless bring this superior description of 
wood to the various sea-ports, as is now the ease on the Per- 
nambuco Railway, to the exclusion of all imported timber. The 
Author, after nearly seven years' experience, is confident that 
properly selected timber of the country will be found more 
durable than any description of wood sleeper yet imported ; 
and, as resident Kngineer of the Pernambueo Railway, be is 
now employing these kinds in renewing the sleepers on the Hne. 

In conclusion, upon the subject of nutive railway sleepers, it 
is found advisable, in order to prevent decay, to cut the timber 
during the dry season, to select large and full-grown trees, to 
remove the whole of the bark and sapwood, leaving the heart 
only, and not to expose the sleepers in the sun when first cut, 
but to stack ihcrn m op^n piles under cover, through and about 
which tlie air can freely circulate for a few months. These 
Tides being attended to, tfic result will be satisfactory, as regards 
Brazilian timber, and it is reasonable to assume, that the same 
rules will apply, more or less, to timber in India, and other 
tropical countries. 

The cost of sleepers delivered, rubject to these conditions, at 
the various stations on the Pernambueo Railway is at present 
2s. 7d. efich, tho scantling Wing Hometimes 10 inches, by 6 
inches, by 9 feet, but luore frequently 12 inches, by 6 inches, 
by 9 feet. Imported creosoted sleepers have invariably cost 
(hmble that amount. 

From what has been saiil witli regard to railway sleepers, it 
Tvill be evident, that timber in general requires in tropical 
eliinates, the greatest consideration in its use for permanent 
structures. Reliable information may perhaps be obtamed, as to 
the best descriptious for general use : stilt the Engineer will 
meet with such a variety of opinions among the natives, that it 
/s onlj^ After i>aosiderablc peraonal experience, that he feels 



certain in using any description for porticular purpoies. 
timber suitable for building abounds in Brazil, in the greate! 
variety. Many kinds are impervious to the whit*? ant, whic 
insect generally selects the more porous* woods, and esp© * 
if these are in contact with the earth. In dry places and 

a free circulation of air, the white ant does not prefer ti 

thus situated; and it is found that roofs of buddings, of g( 
and well-seasoned native wood, resist, for an indetmite peri< 
both the cbmate and the white ant, 

Creosoted timber, it is well known, rosistfl the attacks of the 
white auti but the dose grain of the generality of tropii 
timber renders any attempt to creosote it all but useless. ISort] 
American piteh*pine also stands eictM>dingly well the attAcki^ o 
the white ant, when used in the roofs of buddings, or in an;^ 
locality not humid ; but it is found after a time, when laid upon 
the earth, to lose its resisting powers, as well as to become 
Hubject to rapid decay. 

Whites or yellow, pine can only he used in the tropica for 
doors, movable window frames, bodies of railway wagons, or 
other work intended to be kept in motion, li^ use even %fjt 
these purposes is questionable, a^ the white aJit has such 
aOinity for it, that a door or a window which has remained shi 
for a few weeks, will almost invariably be attacked by thafe' 
insect. Generally it will be best to select suitable nati^^e wood 
for all permanent works. Since the opening of the radway ia 
Pernambueo, timber 4'an be brought 7U miles or 80 mdeis TOm 
the interior, and be delivered of any practical scantling, at thtf 
rate of Is. per cubic foot. 

8ince the establishment of the gasworks in Pcmambucov thei 
Braj^ilian Engineers and constructors have adopted the pra^tioi 
of ' paving ' over, with c<^al tar, the ends of all timbers built into 
the gables of buildings, or in any other position in which it ii 
buried, or excluded trom the air, and ao far apparently with 
beneficial results. 

The oldest samples of native timber that could be obtain^ 
accompany thij* Paper, and are part of the piles, taken up during 
the montli of November, iSiSS, of the old Recife wooden bridge, 
constructed in 1614, and now about to be replaced by an iroa I 
bridge, under tho direction of Mr. W. JVIartincau, (M.lnst.C^.) | 

It is only nec4?ssary to add, as regards this part of the subject, I 
that to insure satisfactory results, it will be essential to srlcct j 
the quality suitable for any particular description of work, ta I 
see thai the wood is cut at in^c proper season, and, to prevent] 
its splitting, not to expose it to tne sun when tir»t cut ; tc> have' 
all the bark and sapwood removed, and to allow it to dry a 
certain time before being used. With these precautions no 
foreign timber wdl bo found able to compete, in the tropics, with 
that of native growth. 

Upon iron bridges, from their increasing adaptation, any in- 
formation as to the result of their use in tropical climates must 
be very desirable. The merits of the diiFerent form* will not 
be discussed, as each may be said to be etjually liable to decay. 
There is, however, one ^reat defect in the construction of soino 
of these bridges, that is, suspending the transverse girder* by 
bolts, instead of allowing them to rest on the main longitudinal 
girder. When the two plans are compared, the most casual 
observer must giv^c tbe pi-cterence to the latter, particulariy 
where iron is so subject to rust if not properly treated. 

Iron bridges in the tropics will, if proper care be taken in the 
first place, and ordinary attention be nestowed upon them after- 
wards, last for an indefinite period, whether on tlie fsea-boani 
or in the interior ; but in the latter loeality they will alwayi 
show more favoumble results. Under either of the<^e conditions, 
it will be found desirable, wherever practicable, to construct the 
piers of stone, in preference to using iron piles, as the latter will 
be found to be the first destroyed. In the province of Pef- 
uambuco, there are no examples of old iron bri<lj[res ; in &et 
except the St. Isabel, completed in lti03, by Mi- " race. 
Green and Co., there are no other iron bridges thu t tha 

Pernambueo Railway, fonr of which, when exauimrii. mio 
the follomng results : — In these bridges the piers are formed 
f(jur cast-imn nipe pile, each 15 inches in diamett^r, to 
were afterwards added two cylinders^ each 3 feet in dii 
sunk on each ,side of the original pier, with columns a: 
brackets to the girders, aii addition that was found DtH^e^iary 
after the line had been opened for traffic. Tlie super^tnictuir, 
in most cases, is composed of Warren's girders, 

Tbe first bridge over the Pirapama River, about IS milas 6510 
the city terminus, consists of two spans of 6u feet ench. 
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iroa piles below the water level were found to be ooated with a 
thin layer of mud, similar to that of the bed of the river. When 
thia waa washed off, the piles appt^ared to be in a most perfect 
■Iftte, and not in the least rnsted, in fact in aa good preaervation 
la when firfltt put down. The bolts and niitsj connecting the 
piles, the wrought iron tie-bars for bracing the columns, as well 
a§ the whole of the upper Btmctnrc, were also found to be in 
the moat perfect state. Tht^ water in thitj river, although affected 
by the rise and fall of the tide, is at all times fresh, both near, 
and for some distance below the bridge. 

The second bridge eoni*ists of three spans over the Saboatao. 
a tidal river, which at the site of the bridge ia Bait, or more or 
less brackish, except at the lowest tides, when it is sometimes 
found to be fresh. Here the piles luider liigh water were 
covered with small marine shells, not to any great thickness, 
and^ easily removed, when the red paint wiis found to be as 
perfect as when first applied. The iron itself did not seem to 
have been in the least anected. The wrought-iron bracing bars, 
3 inches by | inch, were not in aiich gCKnl preservation, nist 
being observed on them after the shells were removed. The 
whole of the upper structure was in a good and satisfactory 
condition. 

The next bridge that came under examination was one of five 
spans, over the mouth of the river Ibura, at the head of Eecife 
flarboxir ; and the fourth and last of six spans, over the 
Capibaribet a few hundred yards from the former, and as tho 
rcBxdt in both was exactly alike, tliey may be jointly described. 
At the time of the examination, the tide was very low, I he bed 
of the river being nearly dry, so that the pipe-piles could be 
examined down to the sand. The whole of these were densely 
cjoverc'd with oysters from 6 inches to 12 inches thick, and tho 
first ones had adhered m firmly to the piles, that on breaking 
them with a hammer* portions of the backs of the shells re- 
taaineih reti airing a chisel to get them off. ^\Tien these were 
all removed, it was satisfactory to find that the piles were 
perfectly sound. These shells appear to act as preservatives to 
the metal, by excluding the air und the sea-water, Tliere is no 
doabt further examinations will prove, tliat these shelLs atrord 
probably a better protection than any composition that could 
be put on, and luercTure ought not t*D be removed. The 
wrought U'on bracing bars in these bridges, do not, as may be 
expected, show so well as the cast-iron pUes> A sample from 
the end of the bar attached to the pde-joint below tlie water line 
accompanies the Paper. It will show to what extent these bars 
have been affected, after being erected about .six years, as well 
■J illastrate how the shells adhere to the piles. The upwr 
structure of these bridges was found to be in the best possiolo 
condition, and tho result of the examination on the whole was 
rery satisfactory. 

ft may probably be necessary in a few years to renew some of 
the wrought-iron bracing bars, as well as some of the bolts and 
onts under wnter. When these require renei^-ing, it wWi be 
aclvisahle to use steel in place of wrought iron» as thnt material 
will no doubt endure as long as the bridge lasts. The result of 
six years' experience is certainly but a sliort time upon which to 
form a decided ontiii<»n ; but it would appear, that the east-irun 
pipe piles are hkely to last for a considerable period, und that 
the upper strut!ture of wrought iron, with ordinary care and 
attention, is also likely to stand well. The only parts apparently 
iiffeeted are the wrought-iron bracing bars and the oolts anil 
nuts below high-water mark. These may in future be made of 
steel with but little additional expense. 

No speciid means appear hitherto to have been employed, or 
to have been considered necessary, for the preservation of iron 
bridges sent to the tropics. Eed lead, or any other description 
of paint that came to hand, appears to have been used, and no 
consideration seems to have been given to the condition, or state 
of humidity, of the ironwork when painted. In consequence, 
after the .sea voyagt*, owing to the high temperature and tho 
*«teamy' state of the ship's hold, rust is tormcd underneath I he 
paint; the latter rises in blisterst then bursts, and tails off hi 
large flakes, exposing the bare iron, highly oxidised, witln-iUt a 
vestige of the paint remaining. This not only takes i>lace with 
bridgcswork, but also with locomotive engines ana tenders, 
wroughl-iron tanks* itc, when sent out completely ixainted. 
No doubt the same care is bestow^'d upon them os when intended 
forborne use, but it would be better not to go Ui this expense, as • 
it only entails further outlay in a short time, to scrape the 



whole off and commence afresh. Care should be taken, in every 
description of work, that the iron be perfectly dry before the 
paint, or any other corapjsition, is laid on. After trymg a variety 
of paints, coal-tar was at hist resorted to, for the preservation of 
the iron bridges on the Pernambuco Railway, and so far 
apparently with good success. From tlie result of its apnUeation 
in several other descriptions of work, the xVtUhor iocs not 
hesitate to recommend its use as the most elficient protection for 
bridges and iron work in general for the tropics. In order to 
remove the great mid first source ofmiscliiefT moisture, or 
incipient oxidation on the surfacnt* of the iron, it will be advisable 
to have the whole of the smaller parts of the bridge-work, ^e., 
before being sent away for shipment, heated to a low temperature, 
by i>aasing them tlirough a iurnace or otherwise, then brushed 
and dipped in tar. The larger parts, which it wonld be incon* 
venient to heat, should be well cleaned, and the tar laid on as 
hot as poBsible. Tar of course can only be employed where it is 
decided to continue its use for the future preservation of the 
bridge. With public bridges, or in any situation where onm- 
mental painting is considered necessary, Unseed oil may be used 
instead of, and in the same way as, tar. Over this, and for 
further protection, a thin coat of zmc paint may be laid. This 
will stand the sea voyage, and when the bridge is erected, it can 
be cleaned off, when the ironwork will be ready to receive the 
finishing coat, which should also be of zinc, as all other paints for 
tropical climates are perfectly useless. 

It is to be hoped that tar, linseed oil, and zinc paint, will oU 
shortly be superseded by galvanising the whole of the bridge- 
work for the tropics, by which process more etficient protection 
wiD be afforded than by any otner. 

With regard to building materials, stone, when obtainable of 
gCH:>d quality, is the most desirable, in all respects, for a tropical 
climate ; and with the excellent liine of Brazil, and the still better 
'chuuam' of India. goo<l stone- work in these climates is the most 
likely to last, with the least outlay for repairs. Stone ought 
never to be lost sight of by the Engineer, whenever its use is at 
all practicable. AbntTuents for bridges w\]\, of course, be built 
of this material when it is obtainable, and, as previously stated, 
when' praeticable it is also to be preferred for the piers, instead 
of cast-iron piles. Stone has never been extensively used in or 
about Recife, owing to its being found only at a considemble 
distance from the city. It is imported from Portugal, for faeing 
the ehurches. These, and a few old Dutch works of the 
seventeenth eentujy, show how well this material stands the 
decaying influence of the tropics. It need scarcely be said, that 
no mistake emi possibly be made in allowing it to enter freely 
into the construction of all public works in these climates. 

Bricks, when stone cannot be obtained, must of necessity be 
used for certain deseriptious of work. Great caution shoidd bo 
exercised in their selection, as it is found that all bricks made 
near the sea*board, with brackish water, are exceedingly sus- 
ceptible to the weather, and moulder rapidly away when exposed. 
It i», therefore, advisable to make them at some distance from 
the coast, with fresh water, and abuve all to have them well and 
thoroughly burned, which, in these climates, where fuel ia 
generally expensive, is most diHieuU to insure. Near to the sea- 
coast, it is found necessary to protect ail brickwork with plaster, 
which certainly serves its purpose exceediugl}' well, Jn the 
interior of the cormtry well*burnt bricks may stand for a few 
years, but ultimately it will be necessary to plaster them, or to 
give them a tbii k coat of whitewash from time to time. Tar, 
over a coat of whitewash, has been used with considerable suc- 
cess, for the protection of brick buildings, and other works of 
this material ; and in localities whore it would not be considered 
unsightly, it is certainly preferable in buildings on the side from 
which the prevailing winds and rains set in during the wet 
season, as it not only throws off the moisture on the outside 
quicker, but tends to keep the interior of the building freer from 
moisture than any other outer protection. Of two samples of 
brick taken from the same wall, built in 1790, in Recife, altlumgh 
not in any way protected by plaster, or lime whitewash, one 
appear'* to be quite perfect, wlule the other is rapidly decaying, 
and shows the necessity of outward pnHeol ion, as a general nde, 
owing to the all but impossibdity of ubtaining, in large quanti- 
ties, rborouglily weU-bumt bricks. 

Tiles, in Brazil, are almost invariably of the form sh*'Wn in 
the specimens, antl are madeof similar material to, though uK«'re 
obtainable of better clay, than the bricks. When well in ut, 
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and of a good shape, with sufficient overlAp when kid on the 
roof, native tiles anawcr their purpose exceedingly well, and 
being thin, and invariably burnt in ovens, tliis procesa is so 
effectually perfomiedt that the weather seems scarcelv to aflVct 
them, either on the sea-board or in the interior, llieir chief 
recommendation is, howevier, the thorough ventilation afforded 
by them in all buildings. Should at any time corrugated iron 
buildings, with roofs of similar material, become largely intro- 
duced within the tropics, it will, it is believed^ be found desirable 
to c^ver these with native tiles, both for the protection of the 
roof, and for keeping cool the interior of the building, unless a 
double roof is used, 3 inches or 4 inches apart. 

In Brazil, rafters are selected from the young trees of the 
forest, from 3 inches to 4 inches in diameter, and trom 20 feet to 
30 feet long ; and when of proper ouality of timber, these rafters 
answer their purpose very well and are of considerable duration. 

Laths are m nearly all cases made from the sap-wood of one 
of the hardest and most durable timbers in Brazil, ' Imberiba/ 
A chisel, or axe, is introduced into the end of the stick of timber, 
about fibs of an inch from the outer edge : very little force 
splits it in the direction of its length, allowing the fingers and 
hand to be introduced, and the lath is reft of}", retaining an 
nnifonn thickness, i^Hth a breadth of from 2 inches to 2i inches. 

Permanent- way keys, cut from native timber, have, since the 
opening of the Femambuco Kailway in 1858, been used for 
renewals, and i^-ith sucees.s. Tlie timber, being of a remarkably 
close nature, has not shrunk after use. as tlie imported ke3'^a are 
liable to do. With keytt, as with sleepers, there is not the least 
necessity for creosote. In fact, with i^ome keys kept constantly 
in creosote for three months, when sawn through the centre, the 
oil only appeared a btllc below the surtaee. 

Bails are found to oxidise considerably when left near the sea- 
coast. It will therefore be advisable, in the construction of a 
line, to remove them into tlie in tenor, as ^toon as it is convenient 
to do so. When in use, in whatever locality, tho motion of the 
trains appears to prevent any considerable amount of rust from 
forming. There is, however, a matter for serious consideration, 
as regards pennanent-way rails in the tropics ; and that is /heir 
tendency to flatten, or laminate, after being subject to the wear 
and tear of the engines and trains for a short time. This is no 
doubt owing to the high temperature during the greater part of 
the day. and the constant passage of the trains when m that 
state. The remedy appears to be, the substitution of steel, or 
steel-faced rails, and enojines as lijifht as the traffic of the line 
will allow. Whilst on the subject of engines, it may be as well 
to mention the rapid wear of the wheel tires in the tropics, par- 
ticularly on lines bke the Pernanibuco, -^vith numerous curves. 
WTierc it has been foimd ueeesaary to adopt steel tires, in ad- 
dition to an arrangement for keeping the leading wheels wet 
when going round curves, there is a small pipe from each pump 
to the front upper side of the leading wheels, made so as to open 
and close at pleasure from tlie foot-plate. Although this arrange- 
ment answers exceedingly well, in saving the llanges of the wheel 
tires, as well as in causing the engine to work rotmd any curve 
much easier, still this can only be looked upon as a desirable 
expedient in existing engines. The bogle sh^»uld be n^^ed with 
all engines made for tropical climates, where the rail'* are so 
constantly hot and dry. The saving in the mils, as well as in 
the wheel tires, would be considerable, and there would be 
greater safety in working, as it is found that the dryness tencljj 
t J make the heading wheel-flanges grip, and, when a bad joint 
occurs, mount the rail. 

Chairs and spikes do not require any special notice, as, ^itU 
the exception of the fonner not being so Hable to breulcage, 
owing to tlie absence of frost, these need not, Ln any way, difftT 
from those used in England. 

About 10 mdes of the Pemambuco Eailway are laid with 
Greave's * pot ' sleepers, as to the ihirability of which in the 
ironies there is no question, though found to be too rigid even 
in fine sfmd ballast. Had these sleepers been used on the deep 
l>anks when first fonned, the usual subsidence during the rains 
would hare caused considerable breakage, and in any case much 
more ballast would have been re([uired tlian generally falls to 
the share of railways abroad when first opened, A portion of 
the 10 oiiles actualTy laid has, however, been considerably im- 
proved, by introducing the ordinarj^ fish plates, with four Dolts, 
and suspending the jomt^. Tlie easiest method of doing this is 
hy euttmg away about 15 inches of the fii-st lengths of rails. 
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knocking out all the keya, and then drawing the rails in 
succession 15 inches back, by which the joints arc brought into 
the centre betwixt the joint and the next intermediate sleeper, 
tho ' pots ' remaining undisturbed. The fish plates are then put , 
on. The 15-inch pieces are always kept at hand to be introduced ' 
to allow for the passage of the trains. This work waa done by 
the piece, and cost Id. per pair of joints. 

The carriages of the Pemambuco Eailway are made with a 
strong wrought-iron under frame. The body ia of teak, the 
inside lining is also of this material ; the ontaide panels are of i 
* papier m&ch^.' After six years' hard work and exposure to j 
fltm and rain, these carriages are in excellent preservation. The 
material employed for the outside panels has proved in the 
highest degree suitable for tlie tropics, and will probably be 
generally adapted when its good properties are Imown. But 
whether * papier m&che * or timber ia used, the panela shoidd be 
well paintccf and varnished, or tlie sun will not fail to destroy 
theni* The first carriages sent out to Bombay for the Great i 
Indian Peninsula Bailway, with panels of varm shed teak, spht ^B 
after being exposed to the sun for a short time, whereas in the ^| 
' papier miehe ' panels on the Pemambuco Kail way, there is ^* 
not a eraek in any of them after six years' wear and exposure. 

Tlie railway wagons for the Pemambuco Kailway were eon* 
strueted in Brazil, the iron work having been sent from England ; 
the under frames are made of native timber, and the ho<iy of 
white or yellow pine. The great heat of the sun is found to dry 
up and cause the sides, and particularly the roofe, of these 
wagons to become leakey. Zinc has therefore been uaed n» an 
outer covering for the roofs, and will no doubt answer. For tbe 
tropics, the most servia»able covered gooda wagon will be fomid 
to be one constructed with an iron undorframc and a hght gal- 
vanised iron body. 

In conclusion, \here is no doubt that the subject of the Decay 
of Materials in Tropical Climates, and its prevention, is but little 
known, though deserring of being thoroughly investigated. It is 
hardly to be expected, that any one individual wiU be found to 
jKissess the intormation necessary to treat up<in this subject 
with refen-nce to all tropical countries ; but it is to be hoped 
that some Member \\'\\\ take the trouble to compile the resulti 
obtainalile from all reliable sources, and protluc*? a work wliich 
will not fail to be aeceptable to all who take any interest in 
these countries, and particularly Ijidia. 
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APPENDIX, 



A^ 



List of Brazilian Timber? smtable for and now being used as Blecpcn qq 
the Pamambuco Eailway:— Si cupira^ Oitiuica ^ Almesoa Brava; Gart- 
robn; Gulandia ; Pao Santo; Angclim Amargozo; Sapucaia de Pilao; 
AmaruUo Viahalico; Macaranduba Preta. Th«? proacnt price of the 
abovL% for sk'cpf rs, 10 iDthoa by 5 iDchoa^^ by 9 feet, delivered at 
on the linei la 2s, 7d. each* 



ititiaot 

-man^t " 



Lift of Brazilian Timbera iuitay© for general purp^ieei in permaa^-iit 
structure ^ — Sicupira AsBii J Sicupira Meirim or Verdadeiro ; Sicupira 
Auari; Oiticica; Garaioba; FaO Santo; Sapucaiade PUao; Sapacarana; 
Maisearanduba; Imbcriba; Pao Ferro; Pao d'Aroo', Barabu. Tbcte 
cost Is. per cubic foot, and are of great durability, and resist Um whila 
and {?:icpptiog io tbe tap wood. 

Tbo following are aa durable aa the foreeoing, and roaiat tbe whxit 
and even in tho sapwood on account of their bitteraeiiB: — Angalifli 
Amargozo; Araroba; Pitict (Gararoba) and Pilia (Marfin). Tbe«i; ^w 
cost la. per cubic foot. Coc^o, Bordao de Velba and Anieira do ScrlM^ 
are yery durablo, aud resist tho white ant ; but are not %» be jbimd oC 
any great diraennions. The^e likewise cost Js, per cubic foot, «§ d» 
Parahiba and Cedro, which are very suitable for boarding, thcii" atroae 
amell arpd their great bittern ea repelling tho white ant. The prwo ^ 
Louro Cheiroflo and Louro Ti is the an mo. Thcae are of a parous des- 
cription, fit fnr doors aad shutters. Tbe Cheiroso tejH^U tho white aat, 
owing io ita smell ; the heart of the Ti is yery strosg and durayis, 
leiistiDg the white anL For Amarello Yinhatieo and Aroar^Uo Vmtla- 
deiro, the €4Mt is la. Ud. per font. Thej arc of gruat durability, and an 
extcaaively nsed in cabinet work* 
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^Ue of Speoifio Grft^ities of Brazilian Timber for Sbipbuitding. 



liOUro 
Jvquitiba . 
AmarcMo . , 
Putumugu , 
Pii.tdUleo(Vcnnellio) 
OlAudim 

Sioupira Meirini. 
¥no Roxo . 
Fbo d*Aroo 

Pegiiim . , 

I Sapueaia . 
Jetahy (Ainftrtollo) 
Maisaranduba . 



Tarda, msitSf &o. 

Do. Do. 

Planks for above ond below water. 

Do. Do. Do. 

Yards, mastf &o, 

BowspritSf topmoats, gQtiwaleB,&o. 

Useful for every part of a Teasel. 

Keels^ sterDpo«td, ribs, &c. 



Do. Do. 

Deck beams, Stc* 
Kei'La, riba, &c. 
Quo wales, &c. 
Beams, p<»8£a, &0. 



Bo. 



PAEIS UNITEESAL EXHIBITION, 1867. 

TiTE works iD the Chflmp do Mars are proceeding with f^reat 
rapidity ; the whole of the fratuowork of the iron portions of 
the building may now be mid to be eouipleti'd, and the outer 
circle which niiisks all mthin, tho fframi nef, m it is ealled* and 
which is to form the machinery and processes coiirt, including 
in the latter manual aa well as meehaniral labour, presents a 
very bold and commanding appearance. There is httle or no 
ornamentation counectcd with thi3 exterior circle, or rather 
zone of the building, but its huge aides of phite iron, eighty 
feet high (walls IherL^ are scarcely any apparent), look light and 
eleeant, in consequence of the clerestory, or range of windows, 
in tarce compartments, with arched tcips, which occupy all tho 
upper portion between the great pillars of the inner as well as 
the out^^r side. This ^rand mf is nearly a mile round, morti 
th»u a hnndred feet in width, and eighty in height, and will 
certainly form one of the noblest exhibituju galleriea ever con- 
atructcd ; the roof being unpierced, and the light coming in 
from the upper part of both sides, give this noble court an 
importance, as regards appoamnce, which a glass roof would be 
far from producing ; there is plenty of light, without the cold 
or hot glare of a glazed oov^ering. The clerestory, as already 
itated, occupies the whole of the upper iiortion of the sides ; 
the corresponding spaces below are filka in with brick and 
plmster work, and in front is the aUmeutary court, in which all 
the caf<$!§, restaurants, and other places of refreslmicnt are to bo 
pbfOed ; beyond this again is a jutting roof, forming a covered 
promenade, twenty feet wide, open to the park all round this 
outer circle of the exliibition. Tne grand nave is being rapidly 
oorered in, and a large number of the window frames, tho only 
portiong of the aone which are in cast-iron, are in their plac4?a ; 
when viewed from the park, beyond the gigantic projKJrtion.^ of 
this great court, its curved outline, and the fan-like appearance 
of the marquise, or verandah, produce an admirable ellect, and 
ahow how much may be done without any extraneous ornamentt 
by the mere repitition of simple elements^when good proportions 
mre maintained throughout. The CToromission has wisely de- 
termined not to mar the symmetry of this outer face of the 
building by any attempt at architectural eftcct in the way of 
porticos ; there will probably be an entrance to the park of 
an ornamental character on the side of the quay, and opposite 
the main door of the budding, and there will be many elegant 
ijtructures in the grounds themselves, but these will ail be at a 
.sullieient distance from the building itself not to produce an un- 
pleajiant contrast with its bold, simple features. 

The inner zone of the building, divided into two courts, a wide 
one for the Fine Arts, and one of smaller dimensions for the 
retrospective museum, or gaUery of the HUtoire de Travail, 
is, aa has before been stated in the Journal, formed of solid 
stone walls, with partly glazed roofs. The whole of the masonry 
has been finished for some time, many of the sections into which 
these two courts are divided are roofed in, and some have the 
dass in its place and the walls plastered. The mlhx of the 
Fine Art galle^5^ which occupy the straight sides of the building, 
are noble nxtms, admirabljr lighted, but those which occupy the 
circular ends, and which lorm by far the largest poHion of the 
whole, will give, we hear, great" dissatisfaction, the walls pj-e- 



senting curves of small ratlins, tlie light falling in the most per- 
plexing manner. In this inner zone of the budding the curved 
form m a sad mistake, Between the j^reat outer portion and the 
inner xone which we have just descnbed, are the intermediate 
galleries, to be devoted to raw materials, furniture, clothing, 
ornaments, liardware, and all the remaining classes of the cata- 
logue ; the light cast-iron columns and partially glazed roofs 
here present a very pleasing eflect, and the curvature of this 
portion, from its larger nidtus and the absence of division walls, 
improves its appearance. These intermediate courts are the 
most advanced of all ; the roofs are being glazed, the louvre 
boards are in place, and in a few weeks they promise to be 
ready for the exhibitors. 

The central garden, like the exterior of the building, will have 
an iron marqu-use, or verandah, all around it, but in a different 
style. This is nearly finished, and consists of a light and eh^gant 
cast-iron facia, supported by slender columns, whoso plinths 
rest on steps raised above the garden level. 

A larg(^ number of buildings are rising up in the park. In 
the first place there is a very large plain buildmg, of three stories, 
on one side, communicating with the park as well as with the 
road without ; this is to be devoted to the use of the juries, and 
probably in part to that of the Imperial Commissioners also. 
This building lias been covered in for some time and will shortly 
be entirely finished. At the opposite end of the park near the 
Quay d'Orsay, is another large buildin|:, not so far advanced, 
which is for the purpose of a club, to mclude all the ordinary 
features of such an establishment as far as they may be re- 
quired for its temporary purpose, and also a large exominge or 
haU, for the use of exhibitors and those with whom they nave 
business to transact. In another part, again, is a small eccle- 
siastical edifice, of which the roof is now nearly eomjjletcd, and 
which is intended for the exhibition of all kinds of church 
furniture and decoration, interior as ivell as exterior. With 
this view the model church is provided with a transept, an apsis, 
a number of small chapels, and a profusion of windows. The 
admirable idea of thus forming a court in which all objects of 
ec<;lesiastical use or decoration may be exhibited in an appro- 
priate setting is said to have originated with M. Leveque, a well 
known artist in stained glass, of Beauvais, who, with the 
sanction of the Imperial Ct>mmis8ion and the aid of exhibitors 
and others, has raised this model Gothic church, which covers a 
thousand square yards of ground, and, which, no doubt will 
glisten next spring in aU the splendour and with all the taate 
tor which French artists, decorators, church jewellers, and 
others are so conspicuous. It is an excellent idea, likely to be 
well carried out. 

Amongst tho auxiliary buildings, erected or in course of 
erection, is a water tower for the supply of the building, steam 
engines, cascades and foimtaina, and two engine houses, pretty 
constructions in brick, with ornamental tiled roofs, 

A kiosque is also being constructed, by order of the Sultan, 
who, it is said, wiU visit the Exliibition. 

Another building is to be raised by order of the Viceroy of 
Egypt, to contain alarge number of copies of the most celebrated 
monuments of that country, besides other objects of art and 
curiosity. 

In one corner of the park considerable works are going on for 
the formation of the horticultural and piscictdtural exhibition 
which will form a large garden, with cascades and aquariums 
on a large scale. 

Outside the precincts of the Exhibition, the railway station of 
the line which will lead direct to all ]mrts of Paris as well as, 
bring into comuiunication all the lines starting from the city, 
is nearly completed, and the railway works in connection with it 
are under hand; the bridge over tlie opening made in the Quai 
d*Orsay, which will utTird a direct entrance to the park from 
the lauding place on tlie bank of the river is constructed, aJid 
the ornamental portions are now being completed -, and lastly, 
the largo space of ground in the Isle St. Germain, intended for 
agricultural experiments and other subsidiary purposes, is 
leveUed and arranged. This ground is about a mile distant 
rrom the Exhibition. 

Amongst the features talked of, but whether decided upon we 
aro not mformed. is the formation of a ti'rrace on the top of the 
grand nrf of the building, with ascent and descent by means of 
uydrauUc lifts, from which a bird's eye view may be obtained of 
the park and the surromiding country. 
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The publication of the catalogae has been ceded to M. Dentu, 
the well-known bookseller of the Palais Koyal, for the sum of 
£^,320 ; the catalogue is to consist of twelve parts, the first to 
contain the plans, tables, and documents relating to the exhi- 
bition ; the second is to be devoted to the history of labour, or 
retrospective museum; and the remaining parts to the ten 
great groups into which the general contents oi the exhibition is 
to be divided. The entire work is to be sold for five francs, and 
the separate parts at half-a-franc each. 

The lists of intending exhibitors in many of the classes are 
now complete, and some idea may be formea of the show which 
will be made on the French side of the Exhibition. Classes 14 
and 15 unifed, artistic furniture, upholst<»ry, and decoration, 
numbers 220 exhibitors ; class 17, porcelain, faiences, and other 
artistic pottery, 96 exhibitors ; class 18, carpets, tapestry, and 
other tissues for furnishing purposes, 62 exhibitors ; class 21, 
goldsmiths* work, 30 exhibitors ; class 22, bronzes, fine iron 
eastings, and repoussi? work, 101 exhibitors ; class 26, objects in 
fine leather and basket-work, and other small wares, 90 exhibi- 
tors ; class 27, cotton fabrics and threads, 241 exhibitors ; class 
32, shawls, 28 exhibitors ; class 34, hosiery, linen, and small 
articles of dress, 170 exhibitors ; class 35, clothing, 215 exhibi- 
tors ; class 36, jewellery and other ornaments, 153 exhibitors ; 
plass39, toys and other small wares (bimheloterie), 16 exhibitors ; 
and class 46, leather, skins, and furs, 84 exhibitors ; class 52, 
prime movers, generators, and machinery specially adapted to 
the purposes or the exhibition, 12 exhibitors ; class 54, tool- 
makmg machines. 111 exhibitors; class 58, materials for and 
processes connected with furnishing and fitting, 41 exhibitors; 
class 69, paper making, dyeing, and printing of fabrics and 
tissues, 80 exhibitors ; class 60, machines, instruments, and pro- 
cesses of ordinary trades, 52 exhibitors ; and class 62, saddlery 
and harness, 41 exhibitors. The classification differs so much 
from that of the former Universal Exhibition held in Paris, that 
of 1855, that it is impossible to make a comparison of the num- 
bers ; in the former there were only 27 classes, not including 
the fine arts ; in the latter there are 96 classes, or, excluding 
the fine arts, 91. If we take the twenty classes of which the 
number of exhibitors are given above, as a fifth of the whole, 
we shall arrive at nine or ten thousand, which is little sliort of 
the total of 1855, which was 10,95(\ without Algeria and the 
colonies ; there is no doubt, however, that the exhibition will 
be far in advance of its predecessor ; and if, as is understood, 
the admission juries have, in accordance with the principles laid 
down by the Imperial Commission, set up a much higher standard 
of admission than formerly, a diminution of the number of ex- 
hibitors will be an immense advantage in every respect. It may 
be taken for granted that there ^ill oe no space to spare on the 
French side of the exhibition, and that the quality will be in 
keeping with the quantity. In looking over the lists many im- 
portant names are not missing, and certainly the trades for 
which Paris and its neighbourhood are c^*lebrated will be well 
represented. The same remark applies to those great industries 
such as the cotton and hosiery trades ; and there is no doubt 
that, whatever may be the number of exhibitors, the productions 
will show not only a considerable advance since 1855, but even 
since 1862. Since the preceding was written the list of admitted 
exhibitors in the class of manufacturing machinery has been in- 
spected, and it appears that they amount to very nearly four 
hundred, and include the first firms in the empire. 

The Imperial Conmiission attaches great importance to the 
t<?nth and last ^roup in the classification a<lopted, namely, that 
which has for its object the improvement of the physical and 
moral condition of the population. The group is divided into 
seven classes, devoted to : — Materials and methods of infant 
education ; books and materials for adult education ; furniture, 
clothing, and food, distinguished by utility combined with cheap- 
ness ; popular costumes of various countries ; specimens of 
cheap, convenient, and healthy houses ; productions of all kinds, 
manufactured by working men, having their own shop, and only 
assisted by their own family or one apprentice ; and tools and 
methods employed by these little masters ; forming together a 
complete economical exhibition. 

As regards the products of master workmen, the Imperial 
Commission desires to see represented an important phase m the 
life of working men — that in which a man has arrived by his 
talent to the position of small master, and may hope at some 
future day toDc at the head of a largo establishment. 



The class will include all kinds of productions, the only ge- 
neral characteristic being the conditions of their productions. 
Working men in visiting exhibitions have often seen the admira- 
tion of the public excited by the productions of their own hands, 
but whicli bore no trace of their name, and regretted that they 
could not exhibit objects conceived and executed at their own 
homes,; or, rather, perhaps, it should be said, that special 
facilities were not afforded them for that purpose ; the Com- 
mission has therefore created a class in whicli every object shall 
be the production of an artizan, with or without the aid of his 
family and an apprentice, either for regular trade or sale. 

In other classes of the exhibition the articles will be showed 
under the name of the manufacturer who has arranged for their 
production and assured their execution, but in the class under 
notice every article will reveal the hand of the actual producer. 

Many small masters, who work at home for manufacturers, 
have feared to give offence to their employers by exhibiting on 
their own account, but the new classes introduced into the 
programme of the coming exhibition have been sanctioned by 
the manufacturers who take part in the management, so that it 
is hoped all jealousy will be done away with ; and the object in 
view has been made known by various means of publicity in all 
parts of the empire, and special committees have been formed 
in the Departments, as well as in the capital, to carry out the 
project. 

The productions in question are to be submitted to five com- 
mittees of admission, and the whole of the articles accepted for 
exhibition will be exhibited previously, and privately, in the 
Palah de VlndiLstrie in the Champs Elysdes, the Imperial 
Commission bearing the expense of their display in the pre- 
paratory exhibition, but the exhibitors paying for their own 
fittings in the Universal Exhibition itself. In order to make 
place for this preliminary exhibition, and for other operations 
connected with the exhibition, the collection of Algerian and 
colonial products, and all the fittings used for the exnibition of 
cattle, are now being removed from the building in the Champs 
Elysees. The Offices of the Imperial Commission are«t present 
in "this building, and some departments will be retainea there 
during the whole time of the exhibition, and this, with what we 
have stated above, shows how valuable it is to have such an 
edifice always ready for exhibitions of moderate extent, or for 
the preliminary and supplemental service of a great exhibition 
like that of the coming year. It should be mentioned, too, 
that in order to assist working exhibitors as much as possible, 
it is arranged that, in ^case of large articles, a deputation from 
the committees of admission will examine them in the workshop 
of the producer. 

The works of fine art intended for the exhibition of 1867, 
limited to such as have been produced since 1855, are also to be 
collected in the Champs Elysees building, by or before the 15th 
of October ; the jury of admission will commence its examination 
on the lOtli of ^Jovomber, and announce its decisions by the end 
of the year. Great dissatisfaction has been caused by the very 
early dates fixed for this examination, as the works received for 
exhioition will thus be lost to their o^Tiers for twelve months, 
and it is feared that these regulations will have a damaging 
effect on the art portion of the exhibition ; certainly five months 
seems a long period for'selection and arrangement. 

As regards foreign countries, much of the anxiety that was 
felt a short time since has passed away. It is certainly to be 
feared that the manufacturers of Bohemia, Moravia, and other 
countries, will not make such a show as they would have done 
had not the war interfered with all their operations, but both 
Austria and Prussia have supplied the Imperial Commissions 
with the plans of their space and the list of their exhibitors. 

As regards Spain, the government has formally announced iif^ 
intention to take part in the exhibition, and has supplied its 
plan and a list of exhibitors, and inti'nds to erect in the park 
some stnirtures of considerable extent and importance. The 
Spanish Commission has issued pressing circulars to the local 
representatives on the subject. 

The war in Italy will probably have an imfortunate effe^v 
her manufacturers, but the It-alian Commission has fumis! 
the designed for the facade of its portion of the building, and is 
about to commence its constructions in the park. 

Switzerland is expected to be very well represented. Its 
section will be characteristically decorated with a fa^de in 
ornamental work, composed ol pine wood, and bearing the 
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escutcheons of the twenty -two cantona, SLe will have, amongst 
other things, ciirioua archteologicAl and etlmof^phifal collee- 
tionB, and a oomple to series of tke pictureaquo costumtiB of the 
conn try, 

Egypt will present a rery remarkable exhibition ; a quad- 
TAQgular building, with a colonoJitle all round, about 85 feet long 
by oO broad, is being raised in the park, and will contain some 
of the most carious objectB of art and antiquity iu the conntry. 
This building wiU be a reproduction of the Ptolemaic temple 
dedicated to Hothor, with tlie greatest possible exactitude in all 
the details, and the exectition of it has been entrusted to the 
learned Marie tto Bey. Amongst the moat Lnt-eresting monu- 
mrnta and representations to be exhibited are^— Cerenionj of 
ofierings to the gods, by Ptolemy ; an au then tie likeness of the 
famous Cleopatra, found by Monette Bey last winter in a cavern 
at Denderah; bas-rehefs of various handicrafts, clasHod ac- 
cording to date ; artistic representations of the epoch of the 
pyranuda ; tha bas-rehefs from the tomb of Pht^h hot^p (Saq- 

guarah), representing the deceased surrounded by his people, 
anting scenes, combats of hons and buifaloes, fet-ea and 
dances ; bas-reliefs from the tomb of Ti, with scenes of rural 
life and labour ; repreaentation of various trades and arts, the 
saTigation of the Kile, and other subjects, under the various 
drnftsties ; reproductions of the famous bas-reliefs and paintings 
or the Temple of Abydos, with a number of original statues and 
workd of art, cofiers and other objects. In addition to this large 
building, there will be two others illustrative of mofleni Ei^ptian 
life — one representing the habitation of a fellah of Upper Egypt, 
with a small estabhshment for artificial hatcliing, a stable of 
dromedaries armed and caparisoned for war, and other animals, 
and an ethnographical coUectmn j the other a horeshoe-shaped 
kiosk, in the purest Arab slyle^ iurrounded with plants and 
flowers of the country. 

Outside of the kiosk native Egyptians wiU be seen practising 
the trades of the present day. In the interior of the kiosk will 
be a divan for the Viceroy of Egypt, who is expected to visit 
the exhibition, and an Oriental cafe, furnished with all its 
accessories. In the court will bo a large plan, in relief, of the 
whole of Egypt, executed by order of the Viceroy, and under 
the direction of Colonel Mircher, the chief of the French mission 
in Egypt, and in the centre a fountain, composed of the alabaster 
of the couj^try. 

It will not be out of place to conclude this notice of the 
coming exhibition with the results of an inquinr into the sanitary 
condition of the mass of workmen employed on the works on 
the Champ de Mars. It appears that there has been no great 
agglomeration of population in the neighbourhood. Down to 
the Ist of April the number of persons employed did not exceed 
800, but since that period it has increased to 1,477, Of these 
'472 live in distant quarters of the town, 3( K) belong to the estab- 
lishment of Mar, Uail and Co., and make part, of the resident 
population of the quarter in which the works are situated, and 
that of the whole number only 438 form an addition to the 
neighbourhood. The lodgings of these last, have In^en tVequently 
visitCHl, and found to be in a satisfactory condition as regards 
health ; and as the greater portions of tliese men are masons, 
whose work is tuiished, 3{>7of them have already been discharged. 
The result is, that the accumulation of this large number of men 
on one spot has not given rise to any notable change in the 
condition of the quarter* This enlightened watchfulness for the 
well-being of the labouring classes reflects great cretiit on tlie 
authorities, and oflers a valuable hint to those other places 
where large undertakings interfere with the temporary or 
permanent condition of the district. — Journal qf tht Sockt^ of 



BOUTES OF COMMUNICATION WITH INDIA. 
Bt Captain H. W. Tyleh, ILE. 

The development of science and of Hteom-power has already 
done much to improve the communication between this country 
and India. The Duke of Wellington* when he was lirnt ordered 
with the 33rd Begiment to the East Indies, bein^ imable to pro- 

ed with thera from ill-health, followed them in a fast sailing 
■igaie, and overtook them at the Cape of Good Hope, and then 
went on with them to India. Again, on liis ret tirn from India, he 
embarked at Madras in the year 18<35 for England, and was five 
months on the voyage, one month of which he spent at what he 



called " the beautiful and salubrious island of St. Helena," 
destined afterwards to be the prison and the burial-place of his 
great rival. He almost hvea long enough to see troops sent 
out in as many weeks by what is called the Overland route to 
quell the great mutiny m India. 

But this route from England to India is not only a way for 
the thirty mUIions of the United Kingdom, and the two hundred 
millions of India, to pass from one to the other, but it is a high' 
way between Europe and Asia— between all the nations of 
Europe, except perhaps Eussia, and aU the countries of Asia. 
And whatever amount of trnffic may exist upon that liighway at 
present, there can bo no doubt that as greater facdities of com- 
munication are afforded, an increa.se will occur which at the 
present time we can hardly contemplate. 

It is my task now to show how those lacihties can be afforded. 
In the first place, I will quote a few statistics. The figures 
have been taken out by Mr. H. R. Lack, of the Board of Trade, 
from Board of Trade Eo turns, and are a summary of imports 
and exports between the United Kingdom and Frana% on the 
one hand, and India, Ceylon, Singapore, China, and Japan, on 
the other. 

In the year 1860 the value of the total imports from India to 
the United Kingdom was £15,000,000 ; but it rose in 18t}4 to 
£52,(>0O,0€O. In 18G0 the exports were £17,0«X),000 ; in 1864, 
£20,000,000. The former were carried in §37,000 tons of shipping 
in 1860, as against 731,000 tons in 1864, From Ceylon our 
^porta increased tVom £2.271000 in 1860 to £3,173,000 in 1864, 
wlulo the exjKjrts to Ceylou from the United Kingdom inereased 
from £711,000 in 1860 to £822,000 in 1864. From Singapore 
aud the Eastern Strait settlements tlie imports have increased 
from £1,000,000 in 1860 to £2,000,000 in 1864; while the 
exports to those settlements decrea.Hed from £1,718,000 in 
1860 to £1,230,0<X) in 1864. The imports into the United 
Kingdom from China increased from £0»323,OO0 in 1860 to 
£16,648,000 in 18f>4; but the exports decreased from £5,000,000 
in 1860 to nearly £5,0X>,OOO m 1864. There was very little 
traiEc from Japan in 1860, the imports from that country 
amounting to only £127,0(XI j but they rose to £l,500,tX)0 
in 1864. The imports from Egy|}t have nearly doubled 
themselves, having mcreased from £10,347,000 in 1860 up to 
£19.602,000 in 1864, The increase of imports from the East and 
from Egypt during tho.^e years has oeen owing, in a great 
measure, to the importation of raw cotton, in consequence of the 
Americnn War, while the decrease above referred to, occurred 
from diminished inanufaeture of cotton goods. To ^we an idea 
of the trade of France with those regions, I mav state that the 
imports into France from the British East In lies rose from 
57,000,000f. in 1860, to 117,000,000r. in 1864; while the exx)ort« 
from France to the British East Indies fell from 10,tX)O.O0Of. 
in 1860 to 9,000,000f. in 1864. Tlie imports into France from 
China rose from 2,800,OOOf. in i860 to 21,000,0<JUf in 1864 ; while 
those from Egypt rose from 23.000,000f. in 1860 to 101,000,000f. 
in 1864. 

The principal, or almost the only, articles brought from India, 
and through Egypt, by the overland route, up to the end of 1864, 
were precious stones, bullion, raw sdk, and sdk goods ; the raw 
silk being worth about £2,240 a ton, and elephant s teeth about 
£flO0 per ton. But great quantities of raw cotton have since 
bci-'U carried, along that route, and it cannot be doubted that 
both the number of articles and the quantity transported will, 
as already stated, vcnr much increase as greater facilities for 
communication are aflorded. 

All this merchandize, between the East and the West is car- 
ried by two main routes — the nine-thousand- mile route round 
the Cape of Good Hope, and the six-thuusand-mile route by tha 
Mediterranean, a large proportion of that by the shorter route, 
being conveyed in the vessels of the celebrated Peninsular and 
Oriental Company. To show the magnitude of the operations 
of that company,' which has been established for a quarter of a 
century, I may remark that it has a total capital of £3,248,000, 
with a surplus, wliich is its Reserve Fund, of £458,000. 
The gross recoipts for the twelve months ending the 30th 
8eutember, 1865, amounted to £2,136,000, The insurance, wear 
and tear, and depreciation, for the same period, amounted, in 
round numbers, to £1,976,000 leaving a net profit of £169,000; 
and the chairman stated at the last half-yearly meeting of the 
Company, tliat which gives a very good notion of the extent of 
their operations, viz., that the rise in the price of food had affected 
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them very materially, because they had no less than '* ten 
thousand stomachs to fill every day," The navigfttion of the 
Company for the twelve months ei:tended over l,5t)0,000 miles, 
and they possess altogether a magnificent fleet of 63 vessels, 
with a Customs' measurement of 92,353 tons, and 18,270 horse- 
power, Some idea also may be formed of the increase of traffic 
which we may expect from Eastern countries if I atate what is 
now occurring on the radways in India. Thore are aa vet in 
India le«8 than 3,500 milea of radway. The two principal lines 
aro the East Indian Railway , runnmj; from Calcutta lo Delhi, 
with a branch under construction to Jtibbnlpore ; and the Great 
Indian Peninsula Kailway running from Bombay to Jubbulpore 
in the north-eaat and from Bombay to Madras in the fiouth-east. 
Of the Ea»t Indian Railway, from Calcuttii to Delhi, which ha« 
eost abont £2n,C>0<l a mUe, l,2fX) miles arc completed, and the 
trntfic has reached from £38,1100 t« £40,000 a-week. The Great 
Indian Peninsula Radway from Bombay to Jubbulpore and 
Madra.M has only been half completed, about 624 miles boin^ open 
for traffic ; but that Une is being constructed at the lower figure 
of £13,000 a-mile, while the weekly traiBc upon it has amounted 
to as much tts, and in one case has even exceeded, that on the 
East Indian Railway, In fact, the traffic on tho Great Indian 
Peninsula Railway has nearly trebled itself as between some of 
the first few weeks of last year and the corresponding week.^ of 
thi» year ; and if the receipts go on at the pri^seut rate, it promises 
to be not only one of the best paying railways in India, but one 
of the best pajinE? radway e in the worlil. « 

When this line is completed to Jubbulyjore on the north-eaat, 
and to the Madras Railway in the south -eiist, and when the 
East- Indian portion ia completed to Jubbulpore also, there w\\\ 
be complete railway commmiication between Bi>njl»ay and Cal- 
cutta and between Bombay and Madras, and tbcHe lines being 
main routes. Bombay will necessarily become t/te port of Didia. 
In dealing with my subject, therefore, I sball consider the two 
ends of my i^^tal route as being England and Bombay. That 
route naturrilly divides itself into two purls, tbe one part being 
from England' to tlie east of the Mediterranean, aud the other 
part from tbc east of the Mediterranean to Bombay. 

Of the diiferent routes between Engknd and the east of the 
Mediterranean, the Erst which claims our attention is that by 
sea fi-om Southampton to Alexandria, which is 3,000 milei^ long* 
and which occupies about thirteen or fourteen clayn. There can 
of course be no shorter sea passage than this to Egy|)t. The 
only tjuestion is, whether the ports of Plymouth or I almouth 
might not be used with advantage instead of Southampton. 
There are strong opinions in the miiulH of many upon tlmt 
point. Another qtiestion to which I shall have hereafter to refer, 
13 that of the Suez Canal. When the iHtboms of Suez is once 
cut through by a navigable ship canal, there can be no doubt 
that it wSl complete an excellent sea-route between Bombay 
and England, by which merchandise may be carried in steamers 
without transhipment, and with a saving, as compared with the 
route round the Cape, of 3,0(>0 miles. 

The next route is that bv MarseiUcs. The distance from 
London to MarseUles is 853 fenglish miles, and from Marseilles 
U^ Alexandria 1,46C» nautical miles, in all about Rcven days^ and 
18 J hours. Whatever route we take we can hardly take one 
which Ima a much shorter mdea/re, though we might take one, 
as I sliall presently point out, which will be more advantageous 
in point of time. 

The Erst question on that route is how we can get over, or 
under, the straits of Dover. One scheme has been brought 
forward, even this year, for a timncl under the Channel — from 
Dungeness to Capo Grisnez. ExtraTugnnt as the idea may novr 
appear, I have no doubt that a tunnel will some day be carried 
out. Thert' are eminent engineers now working upon it. It is 
beheTcd that tlie whole of the ground under the sea it? composed, 
if not of ehalk, of materials, at all events, which wdl not be 
anything like so tedious or so expensive to bore through, as the 
ttmnel which k now being constructed through the Alps, though 
tho length is 20 miles against 7^, and there might be difficulties 
a^ to water, wbit^h in the Alps have not hitherto been eut'Oimtered. 
Another scheme was brought forward this ^ear, oi' employing 
very large boats for crossing the channel, JTie trains were to 
run from the pier to those boats, and to be ferried across in a 
complete state* I applaud the idea of larger boats than we have 
at present, for havmc made the passage frequently in rough 
we&ther, I can speak irom experience as to the disagreeables of 
,• but if I aju to have a big boat at all, I should prefer to walk 



about it» rather than to sit in a railway carriage during tb 
passage. At the same time these large boats may be ver 
useful, in transporting waggon-loads of merchandise for eat' 
transhipment. 

On tuis route occurs, also, the rery disagreeable pasA ^ 
across the Gulf of Lyons, between MarHctUes and Malta, and" 
is now proposed to avoid that passage by the route nd BrindT-j 
or some other Italian port. Three years ago the G<i 
of Italy entered into a convention for the employment ol 
from Ancona * rid Brindisi to Alexandria ; in May last tlu* 
way was opened to Brindisi ; and Brindiwi ban thuiii biH-omo ihd 
nearest accessible port to Egypt. If you look at the i 
will »ee that 638 nautical (or 731 Engbsh) miles of sea 
be saved, by substituting for it 061 mile;? additional ••[ lano 
journey ; and, inasmuch as wo may travel more than twice 
fast by railway as by steamer, it is obvious tlu4t an ir- •^•' 
saving of time may thus be cHected. But it is as yet i 
whether Brindisi, which is out of the line of steam; . . u^ 
MarjiciUcs to Egyi>t, would be unon the wbole the most| 
venient port from which to embark, aud there is a break in 
jouniey at present, where the Alps lie across the railway, 
diligence talces in summer eight or nine houi*s, and in wiiittr ] 
hours, when the weather i« good, for iTossmg the Mont C4?niii1 
but at times, during bad weather, the diligcnci' is not able to gioj 
at all. and at other times, as many present are no doubt awarf\ 
the journey is made in Hlcdges. To obviate this delar in tha 
means of communication between France and Italy, the ' 
timnel of the Alps *' is now being constnicted. This iu 
which was commenced in 1857, is 7^^ mUes long, of whic 
tan CO headings have been driven through less thun 3^ 
wdiile upwards of four miles remained at the latest accotmt 
pierced. The whole line from St. Michel, on this side, to I 
on the other side, will be about forty -two milce* long. It U i 
beginning to end a difficult line, in an engineering point of TieirJ 
There are many other tunnels on it Invsidew tbe " brand T. ^ '^ 
which it has not yet been thought worth while to comni' 
gradients are as steep as 1 in 2a in places ; and even htii 
the *' Grand Tunnel ' the gradients is 1 in 45 1. The i 
tliis tunnel will be at an elevation of 4,500 feet aboT 
sea, and the total cost of these 42 miles of railway iriH ' 

£5,a76,ono. 

Tbe excavation in the timnel is carried on by mnchincrrJ 
worked by means of compressed air. Outride the tiiTiiH*!. nnd \ 
short dij?tauce from it, there are lialf-arr ! 
by the action of wliich the air is eomj' 
five atmospheres; and the compressed iur ii 
tunnel thrt>ngh a pipe, is used at the face *> 
work a most ingenious mat^hine, which was on^niinn, 
by Messrs, Sommellier, Grattis, «md Grattoni, and v 
now been working tlien* for some years. There arc in 1 1 
working against the rock, kept in motion each by twi> 
the one cylinder causing the jumper to twist rounJ 
other propeUing it forward. They thus imitate thi 
jumpers worked by hand, and bore holes ten, or tv 
tlurty inches deep, according to the nature of the rock. ~£hea 
other holes are bored ; and when a sutruueut number h.nvr bpcn 
made, the machine is run back 2<H> or aiX) yards, and ] 
inserted, tamped and exploded in the usual way. A 
the explosion nas occurred, the materml is throwii int* 
and run back as rapidly as possible ; and the machine . 
up again, and set to work as betbre. 

But there are some dilBculties with r&^nrd to venl^ilatio 
About 2<>0 yards behind the maehine there is constantly a dc 
eolumu of sinoke and the products of combustion ; and in walk 
into aud out of the tunnel you thid prnetical experience on thii 
point by the way in which your clothes, face, and hiiir art>l 
blackened. It takes as mucli as two days to clear il- i ■ . ^ . I r 
out, and purify the air, when no work is going on. It 
least, when I was in the tunnel last spring. They v. 
progressing at the Modane end at the rate of as much a^ om 
m^tre and a-half per day ; but since that time they have eomiv j 
as was then expected, to very liard, 8oUd, quartz rock, and they 
tind great difBculty in gettmg through that rock. Their pW' 
gress lately has been at the rate of lialf a nihtre a-day. Therfrl 
IS beheved to be about SOU metres of tlus quartz nx'k, foUowedf 
by compact limc8tonc, which will, it is expeeted, bo mure ea»y 



* Thd«e itcvnen of thc» Airiatitc^OritHtolt CompMjr mow ran tHweMi 
tad AlAxudiu oolj.— M, W, T, 
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to deal with. Looting to the quantity and rmality of rock to 
be boTvd tlirough* aiid to the nite at whii-li the work will 
probablj prof^ress* it may be estiraatcd iliiit this tTumcl will not 
he completed, perhaps, tor six or seyen years. 

In forisf-queiice of the tinio which \t will take to complete 
thi« timuel, the idea has been conceived of eongtructin^ a tem- 
pornry railway over the top of the Mont Oenis, There is a 
very j^ood road over the mountain, along whieh it is propoi^ed to 
lay this railway. The total elevation of the piisH is 7,000 and of 
the mouDtiiiii ll,(l«XMVet. AVlicn Mr. Fell went three or four 
ye^rs ago to examine it, with the view of taking a mil way over 
it, he found it tixi st^cp for any ordinary railway worked in the 
usual way, and Iw was therefore obligctl to adopt a new system, 
the principle of which I will now exphiin. In ordinary railway 
working we trust, as you are aware, to the adhesion between 
the vertical driving wheels of the engine and the bearing rails 
of the pemuuient way, a^s the means by which the steam-power 
is applied to propel a train. And in order to get extra ad- 
hesion to take heavy loads xip steep gradienti?. we are obliged 
to increase the weight h of our engines, and the number of tbeir 
driving wheels, in proportion t<;> what we require. But in 
mounting a gradient of 1 in 12, with bad adhesion, nueh as you 
are liiible to on the Mont Cenis, Kometime^ not more than one- 
tenth, or even one fifteenth, an engine, ever sohen^y, would only 
l>e able to take itself vip. with perhaps a very light train, ijp 
Mr. Fell has thrown oil extra weight, and made an engift 
partly of steel ; and he has employed for extra adliesion, a central * 
rail, laid in the centre between the other two. with horizontal 
wht*eb on the engine to bite upon it, and so pinch their way up 
the incline. His second engine weighs 17 tons, which, added 
to 2i to!i?» of presfure between his horizontal wheels and middle 
rail, aiibrds a totAl adhesion of 41 tons ; and it will do the work, 
therefore, on steep gradients and slippery rails, of an ordinary 
«igme neifirhing 36 or 40 tons, ^-iihout being killed — so to 
spe«k — by its own weight. 

Mr. Foil first tried this ayatem,^ which wa» pat<?ntc'd ao far 
back as 1830, but had never been reduced to practice, — at 
^Vluiteybridge, with the assistance of Mr. Brasney, in tliis 
o»u!itry, and tlie experiments there were so successful, that be 
thoT) constructed an experimental raUway on the Mont Cenis, 
■ 1 ■ h has lieen worked now for many moulhs with great success. 
* 2<J minutes' walk above I^an si e hour g, where the itsccnt 
.1 :>.c Mont Cenis ct:>mmence3, he has construt*ted a mile and a 
qwftTlcr of railway, on the zl^-mgs of the steepest part of the 
nioiuitain. Tlie Kteepest gradient on it. is 1 in 12, tfie average 
gnidicnt 1 in 13. The curves are very sharp, with a radius of 
only 40 metres, or 131 feet, roimd the eomer of the zig-zag. 
On tlii?* exT>erimental line, with his seeoiid engine, he has ta.keu 
up tt weiglit of 16 tons, which is erpial to 50 passengers with 
their luggage, at the rate of 8 miles an hour ; and there is no 
doubt he if^ill be able to nm without any difhculty for the 
48 miles which he lias to trayerse ^vith his railway, in four 
hours ; whereas it takes twelve by the diligencjo in bai weather, 
and eiglit hour^r in the best of weather. 

There will be nine miles and a half of covered way on the 
mountfiin, to avoid any risk from the action of wnow and aval- 
anches, and that the trathc may be worked punctually and with 
nafety in the worst of weather. Oiie very important clement 
in the system, is the greatly inci-eased degree of safety that may 
bo obtained. The central rail, prf>perly applied, will prevent 
the possibility of a train running off the line; and you may 
ea*4jTy coni^ive that it is most important to have this extra, 
means of safety pomid very shaqi CTirvcs, and at the edges of 
precipices, on the slopes of the Mont Cenis. In fact, the engine 
wbeelM hare on more than one occasion moxmted the bearing 
rails on the es:periment4il line when the permanent way was not 
in giKul tu'der ; but the action of the middle rail was sutficient 
to bring them on to the rails again. In miming down this 
mdwny at first, it feels — so to speak — rather like sliding down 
the roof of a houi^e ; but the breaks acting upon the middle 
rail alTbrd a powerful means, in addition to the ordinary" breaks, 
*>r -N»Dj>inji; the train ; and I have seen the experimental train, 
travellmg at the speed propined to l»o en< ployed, lirouclrt to a 
stand within a dozen yards on the steepest part of the slope. 
I Another advantaice of the system is its great economy. This 
summit niilway wdl be constructed at a cost of only £8,000 
a*mil©, in the place of £128,000 a-milc, which the tunnel lino 
will cost; and it will bo constructed in two years instead of— 
^■^fourteen or fifteen years, which will probably have been 



expended altogether lie fore the tunnel line can be finished. But 
even if a permanent line were constructed over the moimtain at 
a cost of £20,('KX> a-mde, or twice and a-half as much as this 
tjemporary Une will east, and if you add an extra amoimt to 
cover the working eiqienses, which will, of cour.se be additional 
in carrying the tralfic of the summit railway over a super- 
elevation of 2,600 feet above the highest point c»f the tunnel line 
if you capitalise that extra cost of working at the rate of 5 per 
cent. — you will even then save as mueh as £4,000,(X)0 out of the 
£5,376,<KX> vvhicli, as I have already stated, the tiumel hne will 
cost. But the economy is still better shown in this way— that 
summit radways might be constructed over all the Alpine 
passes — over tlie Mont Cenis, over the Simplon, over the fc^aint 
Gothard, and Luckmanier or the Splugen, ibr the same money 
as tliis one timnel line will cost. 

Many other systems have been advocated for taking trains up 
steep inelines, amongst which I may mention the screw system 
of Stgnor Gmssi. He proposed to placo under his engine, con- 
nected with the crank-axle, an .ilrcliimcdean screw, which was, 
as it twisted round, to work upon rollers fixed between the rails 
of the pcnnanent way ; and the adhesion of the screw upon the 
rollers was intended to take the place of that between the wheels 
and the rails as the engine screwed itself up the incline. I may 
mention also the pneumatic system, wliiclj nas many advoe^teii, 
both in England and on the Continent, who suppose it to he 
suited for very steep gradients. This system may probably be 
used with aAlvantage for underground lines, of more moderate 
gradients, where you are obliged to have tunnels, but it is not so 
weU adapted for very steep gradients cfU account of the loss of 
power, and therefore greater expense of working, under increased 
pressure. 

Then again, there is the system of Signor Agudio, which is in 
great favour with the Italiann, and is entirely a system of ropes. 
He places a stationary engine at the top of his incline^ and a 
second stationary engine at the bottom. He has one double 
endless rope passing between them, which is continually worked, 
the ascending portion by the upper, the descending portion by 
the lower engine ; and a second rope between the two portions 
of the endless rope, called the cable of adhesion, which is fixed 
at the top and weight^^d at the bottom of the incline. Ho 
employs, also, a machine wliich he designates as the •* /ocomotivc 
ftiuuvthiifr*' at the head of his train. Ihe endless rope works 
upon this " locomotive.'* and turns certain wheels upon it, the rope 
running about two and a half times as fast as the •* locomotive" 
goes witli its train up the inclint*. The whceU turn certain 
dnmis upon the *' locomotive," wliich have two and a !ialf turns 
round them from the cable of adhesion ; and by tlio rotation of 
these drums in the cable of adhesion, the *" loeomotiye " machine 
wind.*! itself and draws its train up the incline. 

There wouhl be serious didiculties in the applictttion of this 
system to very high mountain passes, in consequence of tit*? 
(fitficulty of working them when the ropes are enveloped by 
snow and ice ; and you have not the safety in such a rope 
system that may be derived from the central rail. Another 
iiuportant point is tliat under the system of t^ignor Agudio and 
very sharp curves vi"hicli are necessary on tin? railway over Uie 
Mount Cenis are impossible. 

Another route which we must now consider is the Trieste 
route. This is 260 miles shorter by sea, but 360 miles longer 
by land than the route by Marseilles; and, therefore, it may 
be rather a ciuicker route. But now that railways have been 
coijKtructed ao^^Ti to Brindisi» few people will be incLincd to 
embark nt Trieste or even at Ancona. 

Two other rcmtes have been proposed which are, perhaps at 
present, ImrcLly worth considering. The one is from Belgrade 
to Conitimtinople, which will be a diihcult railway route to 
construct, and the other is by Avlona, oppposite Brindisi, and 
so by land to Constantinople- Another ditheuUy about both 
of those routes at present is. that even when you reach Con- 
stantinople, you Iiave a very difficult country again to cross 
through Asia Minor ; and it will probably be some time before 
railways are made through those countries. 

The route, then, by Italy is the quickest route which we have 
any immediate chance of using. The railway over the Mont 
Cenis w^tll probably be brought into use in the course of next 
year ; and I may say that it is under the consideration of 
Government to send tne Indian mails by Italy if they can make 

aer arrangements for it, as regards 'the rauwajs and 
ours. 
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I now turn to the other «ide of the map, to the route from 
the east of the MeditorraiieaD to Bombay. 

The sea route from Suez to Aden and Bombay is abo^t three 
thousand miles Jong. The naTigation is difGeiilt, and at times 
very disagreeable. By way of improvement to this route, the 
Suez Canal is, as every one knows, now being conatnicted. 
M* Lesaeps proposes to make acroMS that ifithmus a ihip-eAnal 
seven ty-t wo miles long. He neglects the routes taken 
by the Pharoahs of old. which were connected with 
diiferent branches of the Kile, and goes jitTaight across trom 
Port Said in the Mediterranean, to Lake Timseh (which was 
dried up until very lately) Jialf way, and ao on to Suez. The 
channel of this grand sliip-canal ii) to be twenty-six feet deep, 
one hundred and ninety feet wide at the top, and one hundred 
feet wide at the biltoui. He has already constructed a r'wol^^ 
or small canal, about six feet deep from Port Said to Lake 
Timseh. The part from Lake Timseh to the Eed Sea has hardly 
been commenced, or at all oventH very little has been done upon 
it. But a sweet water canal has been constructed from a place 
caDeil Zagazig, from a branch of the Nile towards Lake Timseh 
and near it,and from thence nearly parallel to the line of the perma* 
nent canal to Suez. This sweet water canal is nearly finished, sixty 
feet wide and six feet deep ; but it is about nineteen feet higher 
than the Salt water Canal : and he lias by means of locks 
connected the two together. He is able thus to convey boati, 
by using the rigole to Lake Timseh, and the sweet water canal 
to Suez, all the way from the Mediterranean to the Eed Sea. 
There is little doubt, I think, that the great energy of M, 
Lesseps, and the credit of the French Government, who are 
liacking him up, will lead to the completion at name time of 
this canal. But there are still great ditficulties to be encountered 
on Tiarts of it. The foaudatioDs are in some places very bad, 
unci ns fast as he digs out the mud and sand, so fast does the 
eijeavation illl up iigain. He proposes to make walls all along 
the sides; but to get foundations for those waOa will be ex- 
eccdiugly troublesome, and they will take a great deal of time 
and money- He lias also, which are loss dLlErultics, very high 
Mils of sand to excavate. He is evidently going about this In 
a very energetic way, for I heard not long ago of a hundred 
steam-dredges having Ihh^u ordered to Egypt for the excavations. 
With these he intends, no doubt, to eompensate as wcU as he 
can for the want of the forced hibourp of which at first he had 
the advantage, but which he has since been deprived of. Twenty 
of these sleam-drcdges were recently landed from a skip thnt 
was obliged to put back into Falmouth in ilistress. They 
were constructed to work to a dej)th of about twenty feet, with 
portable engines, so that when the dredges had done their work 
the engines might be employed for other puq)0Hes, 

There has been much political feeling on the subject of this 
(*anal, which has been supposed to be hostile to British interests. 
But it will eertninly, if it is completeil, be of much more use to 
us than to any other nation ; and I think that we ought to feel 
very much obliged to M. Lesseps and the French Govcniment, 
for expending so mucli money in the hope of making it for us. 
As long as we have commnntl of the sea it will be entirely at 
OUT mercy at Ix^th ends ; and it wnll, if it is complet^*d, give us a 
most excellent ship route to the East, by connecting our South- 
ampton and Mediterannean route with our Suez and Bombay 
route. But it is a question whether it will ever be of much use 
to sailing vessels in consequence of the dillicult navigation of the 
KedSea. 

The Eg3rptian Government 'also have an idea of making a 
railway 1,700 miles long, from Suez to Cape Guardafui. Sudi a 
railway may be important for Egypt, but I doubt whether it 
would ever l>e of much avail for British traffic^ because it is a 
long line, about twiw as long as another and a better, to which 
I shall have directly topf>int; and because it would bring us 
out at the ^^Tong side of the Arabian sea. 

The next and last, but by no means least important route 
whii^h € have to eonaider, is that by the Euphrates Valley. The 
Hrst discoverer of that route may fairly be said to have been 
Alexander the Great, who marched from Egypt to the \'alley 
of the Euphrates, and so on to Bagdad, wintered at Bukhara, 
erinqiierea Persia, t<x>k possessioo of India, sighrd for more 
worlds to conquer, and returned with the remnant of his sickened 
army, nfier a march of nearly 2O,0OJ miles^ to die in the Lamkim 
/BfiriihiKH. Many others have since followed or attempted to 
hllow Ids examphf nnd it is we)l knoim that the Great Napoleon, 
Y^en he went to £gjpt, had an idea of doing the same — of 



wresting India from us, and conquering the East; and he would* 
no doubt, have endeavoured to carry out the project, if we bad 
not nipped it in the bud in Egypt. 

This route was reconnoitreJ by General Cheaney in 1830, 
when he made a most enterprising and interesting voyage of _ 
7fH*) miles, with an interpreter and a senant down the Euphrates^ 
£20,CW) was at\erward8 voted by Parliament for a regular surJ 
vey of this rout€, which was made, under General Cheimev'tl 
command, by Sir John Macneil and others. I have been giadj 
to learn recently from General Chesney, that the Treasury liava»| 
authorised the publication of another volume of his proceedings,! 
The result was a nnaposal to make a harbour about tliree mireal 
to the south of the Orontes river, and they chosOj as tiie besti 
rout*? for a railway that by iintioch and Aleppo, down the 
Euphrates, on to Bagdad, and so the Persian GuJlC The harbour 
was to cost £350,0<X), and the raOway about £6,000,000. Theyj 
found that the route would be an easy one. There were «| 
conpio of bridges required over the Orontes river, and some J 
cuttings between the Oront^s and Aleppo ; but the line from , 
Aleppo down to the Persian Gulf was started to be princijMilly J 
over flat, dry, level groimd, that would present every fiicdityj 
for a railway. There is a steamer already running betweoaJ 
Basrah and Bagdad. Tlie navigation through and from thul 
Persian Gulf would be far superior to that from Siieii byi 
the Red Sea; and there remains the possibility of ultitzuM^Iy] 
completing the commimi cation by railway from Bagdad nil 
Kurrachee to B<jmlmy. 

By the adoption of this route we should aave about 800 miles 
of distance, and several days of time. There can be no doubt . 
that it is a most important rout^. in a strat^^gieal as well as in a I 
commercial point ol view, for ourselves as a nation. We should [ 
have the c<:>mmand by sea of the two ends of it, in the Mediter- 
ranean and in the Persian Gult^ and we should be able by its i 
aid to connect our forces in Europe more intimat<»ly with our j 
armies in Asia — to imite them for any operation intermediately 
between Great Britain and India, and to reinforce Great Britain 
from India, or India from Great Britain, within a fortiiighl, 
whenever we required to do so. 

Mr. Bancroft, in a speech that did not exhibit much delinacy 
the other day in America, accused us of having constructed a 
chain of forts from Madras to Ceylon. But what we really 
want, in a military point of view, is a chain of forts along thf 
route of the Eupnrates Valley from England to India. There 
is an idea that we should meet with j^reat dithciJty from the 
inhabitants in making such a line; but it is said bv others, on 
the contrary, that as Englishmen wo should on the whole, be 
well received, while if the Turks attempted themaelTcs to con- 
struct the railway they would meet witn great opposition — ^that 
it would be lotykcd upon in the one case a^ an undoubted 
advantage ; in the other as another instrument of oppression. 

The ultimate route, then, that wo should look forward to, 
practically, at the present time, is that through Italy and by the 
Euphrates ^" alley. By this route w© may hope to go some ibj 
about 5,0lJ0 miles in a fortnight. 

In concluding, there is another most interesting feature to 
which I would dinret attention. Every reader of prophesy 
must regard a map of this sort with great interest, when he 
remembers the predictions that are not yet fulfilled. One can 
Imrdly look at it, indeed, without observing that it point>i in 
both directions, from the east and from the west, towaifda th« 
Holy Land. Wc? see and know that the Jews have bi»en and 
are now scattered from that promised land among all n&tiofif; 
and judging from the completeness with which the propheciea 
with regard to their banishment have been fulfilled, wo may be 
quite sure of the punctuality with which those prophecies 'will 
also be htorall? fultilled which speak so plainly of their ff- 
instatement. Mm we not, therefore, indulge the hope that in 
laying out and establishing these routes between Enghmd and 
India, we are really doing something more — that we are contri- 
buting in an important degree to fulnl the designs of Providence. 
Who can read the passage in laaiah, '* Every mountain shall be a 
highway for my people,'* without thinking of all the sunmiit 
railways and grand tunnels that arc in contemplation ? We art 
surely in some measure assisting to pave the way for the retunt 
of that people to the land to which they will ** fly ere kmg ai a 
cloud, and as the doves to their windows," bringing their silvfT 
and their gold with them, and which land they are destined oa 
their conversion to inhabit and to enjoy in future gcneraticctf. 
♦ 
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OJS- TOEATMENT OF MELTED CAST IRON AND ITS 
CONVERSION INTO IKON AND STEEL BY THE 
PNEUMATIC PROCESS.* 

By Mr. Eobebt Mushet* 

Ik the year 1816» my fatlicr, Mr. Dand Musbet, took out a 
patent for the manufacture of refined iron direct from the blast 
luniace. 

For this purpose he erected n sniall blast fiimace, SOft. hig^h, 
blown by means of three tuyeres* with a pressure of blast of 
aliout three pounds aud a-hall* per stjuare inch* Tlieae tuyeres 
were? arranged so as to dip down ujjon the surface of tbe nielt<?d 
iron io the hearth of the furnace, and when the hearth was full, 
or nearly fulh the tuyeres were partially below the surface level 
of Uie melted iron. There was no tlilliculty experienced in 
keeping the melted iron in a liquid state in the middle of the 
hearth, but touthI the sides the refined iron chilled, and formed 
what is technically termed '* scuU," and tiiis rendered it very 
diificult, and sometimes iuiposaiblc, totap the furnace and run on 
the portion of the metal which retained iU Ihiidily. When the 
tappmg took place, the metal flowed from the furnace inteosely 
heat<Hl, and throwing oil" the most brilliant scintillations, llie 
temperature of the metal* like that of ordinary retlncd metal, 
was far higher than that of pig iron produced under the regular 
workinc of a blast furnace. The pigs of metal obtained were 
perfectly sohd, showing, when broken, a dense white steely 
grain. "They were so slrong as to bend bcR^re they broke, aud 
oc^asiotially they coidd not be broken at all, tlioujjh struck by 
the heaviest sledges ^delded l>y the nwst powt^rful men y the 
metal was, in fact, crude cast steel, and could he chipj>ed with a 
cold chisel, and, when annealed, was ^UHceptihle of hring forged 
at a low heat to some extent. The defect in this process was 
that, as in the refinery, the wante of metal was exceR,«iTe, owing 
to the surface action of the blast upon the melted iron for a pro- 
longed period. The difficulty of keeping the hearth open, and of 
tappbg, aroBe merely from the small size of the furnace and 
hearth, and the weakness of the blast. The iron was, however, 
decarbonised, bo as to be in the condition of crude m»t steel, 
too highly oxygenated, however, to be forged into bars of com- 
mercial value. 

The experiment I have described was» I believe, the first 
practical ste]> taken in the development of the pneumatic process, 
though it was certainly not undertaken with any idea of pro- 
ducing either malleable iron or steel by that process, but simply 
a highly decarbonised refined metal. About the year 1850, I 
made experiments with some rery highly -blown refined iron 
from the Parkend Ironworks, in the Forest of Dean, and found 
that, when alloyed with luangancste. this refined metal could be 
forged into sound bars of very hard steel, too hard, indeed, for 
any practical purpose, but. nevertheless, solid, and free from 
aeama or flaws, indicating tliat if the iron could be suJhciently 
decarbonised whilst in the melted state, steel of marketabfe 
quality might be obt^ncd by simply adding some metallic 
manganese to the decarbonised metal. 

In the autumn of 1856, Mr. Henry Bessemer read a pBx>er at 
the meeting of the British Association in Cheltenham, wliieh, 
whilst it fiSed the scientific as well as the practical world with 
artoniahment, did not in the least surprise me, except in the ono 
drcumstanc^ of its being possible to maintain a tuyere beneath 
a heavy column of melted cast iron. That, iudeed, anpeared to 
me most surprising, as I was well aware of the highly destruc- 
tive action of the iron slag which is generated by the action 
of atmospheric air umm melted cast iron- However, what 
I conaidered impossible had actually been accomphshed 
by Mr. Bessemer, and the first great advance towards 
rendering steel as cheap as iron had been inaugurated by that 
gentleman. . , 

]Vlr. Bessemer's process consisted b forcing air through melted 
iron by means of tuyeres situated beneath the surface of the 

ted iron. When melted cast iron is subjected to this process, 

silicon ocintained in the iron is first combined with the oxygen 
ffif Iho blast, and thrown to the surface as a hght, frothy, grey 
•lag. Next, the carbon of the melted iron enters into combus- 
tion, and, lastly, the iron itself is attacked and consumed with 
the dcvcloj>ment of an intense temperature, suillcient to keep 
the iron, though freed from carbon, in a perfectly liquid 

rtate. 
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When the silicon and the carbon have been nearly or wholly 
eliminated from the cast iron oi>erated upon, the product ob- 
tained is either crude cast steel or iron, aeiHjrdiiig to the degree 
of decarbonis^ation arrived at. Ingots cast from this metal an? 
more or less unsound, and, when forged, they frequently crack 
or break off, owing to their redshortness, aud are wholly unfit 
for the requirements of commerce. Moreover, whenever the 
melted cast iron operated ii^wn contains sulphtir and phasphortia 
to any notable extent, the decarbonised iron is found to bi? so 
crude and brittle that it cannot be forged at all. and is, in fact, 
less valuable than the pig iron it has been mnde from. Hence, 
only the purest coke pig irons of Great Britain are at present 
suited for Mr, Bessemer's process, and these are comprised in 
the hematite pig irons, the Forest of l>ean pig irons, the Wear- 
dale spathose irons, and the Blanavon and Pontypool Welsh 
brands j these latter two being, however, far inferior to the 
other brands for the pneumatic pntcess. 

Mr. Bessemer naturally inferred that he shoidd be able to 
produce both caat steel and iron by his prtx-ess alone, and it by 
no means detracts from his merits that he happened to overlook 
the fact that iron exposed in the melted st^te to the action of 
oxygen becomes as it were debased. 8ome persona term it 
'* burnt iron," but I call it ''oxygenated iron ; " and oxygenated 
iron can never of itself constitute a commercially valuable article. 
lliis oxygenation can bt^ prevented when a metal is present 
whose ailinity for oxygen is greater than the a^ity of iron for 
oxygen, aud it can bo remedied when such a metal is subse- 
quently added to the oxygenated iron. When Mr. Bessemer 
read his paper, I foresaw all the difllculties lie would have to 
encounter irom oxygenation of hia iron, and 1 knew that the 
remedy was simple and attainable, provided a suitable metal 
could be found at such a cost and in such quantities as would 
render its use practicable on the large scjile. Out of several 
metals possessed of the required properties, I selected the metal 
manganese as found abundantly m the spiegeleisen or spathose 
pig iron of Hhenish Prussia, and combined therein with carbon 
and iron, the iron forming a convenient vehicle by means of 
which I could introduce the metalUc manganese into melted de- 
carbonised iron treated by Mr. Bessemer's process. My fir§t 
experiment was with some Bessemer metal prepart>d at the 
Victoria Ironworks from hematite pig iron. The experiment 
wag made in small crucibles containing only a few ounces, the 
Bessemer metal being melted in one crucible, and the spiege- 
lei sen in another ; the melted contents of the crucibles were 
then mixed, and a small ingot cast. This ingot was forged into 
a bar of excellent cast steel, which was doubled, welded, and made 
into a chisel, and was found for all practical purposes to be cast 
steel of fair average nuahty. 

I then extended the hC^bIo of my experiments, and opernted 
with steel melting pots, cx>ntaining trom 40 lb. to 50 lb. of 
Bessemer metal each, and melting the spiegeleiscn in smaller 
crucibles. The most c<»mplcte success resulted from these 
experiments, and Mr. S. H. Blackwell having subsequently 
supnlied mo ^ithasmall blomng engine, capable of maintaining 
a Wast of 101b. pressure per square iueh. I operated upon 
quantities of melted cast iron of from 600 lb. to 8001b., and 
\nth simitar success, the Bessemer metal be'mg wholly freed 
from unsoundness, red-shortedness, and other defects which had 
piT^cluded its being forged or rolled into a marketable product. 
The British pig irons I hat I found best suited for the joint pro- 
cesses of Mr. Bessemer aud mvseLf were tlie Lancashire and 
Cumberland hematite iron, the Weardale spathose iron, and the 
Forest of Dean pig iron. Of foreign brands, the Indian cliarcoal 
pig, and some manganese pig iron from Sweden gave the best 
results, though not so satisfactory as those obtained when 
hematite ooke pig irons were employed. I hfid, meanwhile, 
secured my invention by means ol letters patent, dated 22nd 
September, 1856. This patent lapsed in 1859, through non- 
payment of the stamp-duty of £50, owing to some unaccountable 
oversight of the trustees to whom I had been advised to entrust 
my patent rights. My invention thus became public property, 
and 1 was deprived by this accident of all remuneration tor an 
invention winch every person, practically acquainted with the 
manufacture of Bessemer metal, will admit to be of immense 
value. 

X speak, no doubt, as an interested party, and my opimon is, 
therelorc, open to criticism ; but I venture to submit than an 
invention euch as that described in my last patent, places all 
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who hare benefitted hj ita use onder a moral obligation to 
reco^iae my claims to remuneratioD ; for although by tbo 
accident of tlie nou-payment of the stamp duty my invention 
became public property^ I Rtill think that that accident ought 
not to debar m(i> frc»m the reward thai I am morally entitled to, 
and could liavc oommaDded to so largo an est^snt, but for the 
oversight of tho«^ on whom I relied. 

Much remains to be done to extend the nse of the pneumatic 
or Bessemer process to the ordinary brands of pig iron at present 
oonaidered to be un6t for this purpose. I am, I believe, in pos- 
session of the reqaisite knowledge to aeoomnlish all this, and I 
am only waiting the opportnnity to do so, wnenever the Titanic 
Company, with whom I am associated, shall consider that the 
proper time has arrived for them to erect a suitable Bessemer 
apparatus at their works. 

The means are, I believe, as simple and efficacious as is the 
addition of Rpiegeleisen, now invariably employed bv all Mr. 
Bessemer's lioeuscs in Engbnd, and the resulting aavantages 
will be proportionally great. 

In Sweden, the Bessemer process has been carried out by 
operating upon certain brands of Swedish pig iron oontaininjf a 
considerable alloy of metal he manganese ; the result is, that with 
the subsequent addition of a little of the same manganesic pi^ 
iron in lieu of spiegeleisen, a workable steel is produced ot 
moderate quality, but too seamy and unsound to be of mach 
value for tools, and not nearly so tough and strong as the 
Bessemer steel made in this country from our own coke pig 
ironsj and it can never enter into competition with our English 
Bessemer steeL In treating melted cast iron by the pneumatic 
or Bessemer process, the siinplest plan is to deprive the iron of 
the whole of its sihcon and carbon. In this case, the addition 
of a given weight of spiegeleisen. or of any similar metallic 
compound of iron and manganese containing CArbon to a given 
weight of decarbonised east iron, will ensure results of tolerable 
nmforniity as to the hardness or temper of the ste^el produced, 
The effect of adding spiegeleisen to Bessemer metal is as 
follows : — 

The metallic manganese, by its superior affinity for oxygen, 
de^xygenates the decarbonised metal, and renders it souna and 
free from rcdshortness. 

The carbon of the spiegeleisen steelifies the mixtnre, and 
improves it when stiff or uard metal is required. 

The iron of the spiegeleisen adds to the weight of the charge, 
and may, therefore, be considered as a gain to nearly the amount 
of its weight. 

The silicon which is found in spiegeleisen has the effect of 
reducing the boiling or agitation of the pneumatised metal when 
poured into moulds, and is therefore Denefieial, and it is not 
present to any injurious extent in spiegeleisen. 

The hardness or temper of the Besj^emer steel may be Increased 
at pleasure by increasing the dose oi' spiegeleisen* 

when spiegeleisen is added to Bessemer metal containing 
sulphur, and the pneumatic blast is turned on so as to eliminate 
tlie carbon and manganese of the spiegeleisen. a portion of the 
sulphur of the pneunialised iron is carried off hj ike manganese, 
and thu-s, by repented additions of spiegeleisen and subsequent 
eliminations of its manganese, pneumatised cast iron may be 
wholly desulphurised. 

In a simUar manner, Bessemer metal containing pliosphonis 
may be dephosphorised by employing titanic pig iron in rc^peatetl 
doses to eliminate the pbo**phorus, and when Ijoth sulphur and 
phos])hor!is are present, both may be ehminated by H»'i>eated 
additions of spiegeleisen and titanic pig iron, the pntumatic 
blast being tumeil on aft^jr each sucn addition made to the 
pneumatised cast iron. 

The pneumatic process of Mr. Bessemer, in conjunction with 
Tny spiegeleisen process, m producing a revolution in the engi- 
neering world, and in all the departments of art dependent upon 
engineering, to an extent almost incredible, and the magnitude 
of its ultimate effects it is impossible folly to foresee. Mr. 
Bessemer 's name will bo remembered in connection with this, 
the greatest metallurj^Cid invention the world has ever seen ; 
and I venture to hope that I may not be wholly forgotten as 
having supplied the link which was wanting to render Mr. 
Bessemer's process what it now is. As I hnve had much expe- 
rience in matters mlating to the steel manufacture, it was not 
surprising that I should at once have been able to devise the 
remedy for the one aohtary defect which marred the suooeas of 
ihepnema&tic process at its outset. 



EAILWAYS A^D COlOnJXICATIONS IK EUSSIA. 

Bailwats have been for some years the object of special 
attention to the Russian government. The surveys of projected 
lines, as well as the works of those in execution, are receiving 
at thepresent time a fresh impulse. St. Petersburg, Moseow. 
and Warsaw are already in communication with e«ch other ; and 
Eastern Prtissia and Berlin may be reached by Gumbinnen and 
Thorn. More towards the south, the Bussian line join those 
of Cracovia, leading to the two Prussian Silesias ; and h^fym 
long the southern lino, which at present is opened from Odom 
to Balta, will communicate with Bessarabia, a province bordering 
on the Boumanian principalities, and communicating with the 
Leraberg railway in Gralicia, Another central line, running from 
north to south, us intended to unite the capita), Moscow, OzeU; 
Koursk, Kharkov, Nioolaeif, Sebastopol, and Taganrog, and to 
ptit the Gulf of Fmland into communication with the Crimea. 
The southern part of this line is intended in the east to fulfil th# 

same purpose as that of the Odessa-Balta in the west, vix., that 
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of brmging to the two ports of exportation, T? 
Odessa, the wheat of Ukraine, of Pultava, of El 
Knerson, and of Podolia. A branch from the BuL„ 
no doubt run north-east toward* the central part of 
In a few weeks the trunk lying between Moscow and Si 
will be opened for traffic, and as far as Koursk m- 
posing she could not. without solution of contiiit 

{products from the Baltic to the Black Seii, she has r^ulways i 
ead, or will lead within a little, to the frontiers of all her neigh- 
bours, from the Prutli to Niemen. Other interior and trans- 
versal lines, such as those of Riazan, of Nijni Novogorod, are oi' 
great utdity, but none more worthy of interest than the twi 
following, intended to form a double communication between th( 
Caspian and the Black Seas. The first of these Lines, which " 
but twenty leagues m length, is in fuU work. It begin* 
Tzaritzin, an important town situated on the right bank of th#' 
Volga, which fans into the Caspian, and finishes at Kalatche^v 
a town on the left bank of the Don, which falls into the Se-a di 
Ajsof. The second of these hues is due to the energy of th( 
Grand Puke Michael, Governor- General of the Cauiauas* A 
hue of rad way is likewise intended to unite the port of Pelt, 
on the Black Sea. with that of Bakon, on the Caspian S«a« pastiag 
by Koutais and Tiflis ; the line follows principally the valleys of 
the Eion and the Kour, For the last two years six thotusand 
soldiers have been employed under the direction of Mr. Bailly. 
an Engli;*h engineer. Tne port of Poti is now the site of im- 
portant works, which will make it the principal port of the Bl.*t' k 
Sea in these parts. Besides this, the organisation of a dir«'. f 
service of stcamboftts with Constantinople, and the estabU>ihm*mt 
of a good carriage- road between Tiflis and Tauris, is in contem- 
plation. Merchandise from Persia and Central Asia will pn> 
oably follow the Rus^>ian lines, and it may be foreseen that ths] 
Trans Caucasian line will almost completely absorb in Uiese psris 
the tratSc between Europe and Asia. 

— ♦■ — 

besimutf with Plam^ SpeeificafiotM, and EntinntU^ iUuttt\iiittn 
ike Meyukwnenis qf MoJet^n At^Mteeture* By FsEDfisick 
H<»08BS, Architect, Loudon : AtcJdey and Co. 18«SG, 
The work before us consists of sketch plans and views of s 
considenible number of small and large reddenees, together 
with memoranda descriptive of the proposed kind of cOfii*rru lo- 
tion, and intended to aid in the preparation of complete upeciti- 
cations. The work, however, does not aim at so complete an 
illustration of the subject as to enable the building to b«» earrieJ 
out without professional assistance. The sketches an- 
in a clever and efiective manner, and several of them - . . 
picturesque, while others are broadly and simply troatciL 
style generally used is more or less mediffvai in character 

as combines well with the Irregular levels of sites and the 

outlines of coimtry scenery. The materiids intended to he use<l 
are chieflv those which may be best available in localities whefs 
such buif dings are Ukely to be erected. The plans contsta 
several useful combinations of rooms, and are such as th» afrlu» 
tect may advantagcouslv study. The views bein/j in petvpcctirr, 
give that clear and ready idea of the grouping ot parts which i» 
valuable to architect and amateur alike. 

This is a useful addition to the many works on tbo not e«ily 
exhausted subject of EngUah residences, rural and snbttHMi. 



THE CIVIL ENGINEER AND ARCHITECT\S JOURNAL, 



rOoioberli IM 



BFELmaTON HOUSE. 

Thb 8t>ace of ground at the Lack of Burlington-liOTise is ap- 
portionea between the London TJniversity and th(? Roym 
Academy, and tko former hm cammenced operations. Trees are 
felled, and the ^ound is levelled for the fotmdations. The 
moiety of Burlington-gardens whieh falls to the University wdl 
gire a spaeions, and yet quiet and secluded frontage towards 
Cork-atreet and Bnrlington^street. Mr, Penethome's designs 
for the building, with the cxcention of some final detadg, are 
now prepared. He had, in the nrst instance, presented to Lord 
John Manners' a clasaic fa^^de, dut, at the request of the First 
Commissioner of Public Works, the desi^ ultimately adopted 
was made. The style is transitional. The elevation consists 
of a centre and two wings j in the latter are two spacious 
lecture-theatres ; the examination-rooms, &c., occupy the main 
body ; the entire ground plan covers an area of about 220 
feet by l&O feet. The treatment, thougli alhed to Italian 
Gothic, is yet independent and individual : no one model 
in Venice or Lomhardy has be^n imphcitly followed ; on the 
wontrary, the whole design lias been adapted to exigencies of 
climate, demands of utility, and the resources of local materials. 
For the marble architecture of Italy will be substituted a 
«toue architecture, which may be more in keening with imme- 
^' to surroundings, and the cheaper and ruder material will 
so employed as to secure polychromatic display. The adopted 
tliic, too, admits of varied sky outhnc : a t«toep roof, and a 
Seouple of lofty campanile will present a bold profile. The 

EtrBamentary estimate is £65,000, of which £20,000 was voted 
st session as a first instalment. The remaining moiety of the 
gardens, that adjoining Burlington-house, has not yet undergone 
any marked change under the hands of its? present owners, the 
Koyal Academicians. It U understood that the Academy will 
avail itself of the advantages offered by the Goveniincut. One 
of the body, Mr. Sydney Smirke, is entrusted with the making 
of plans for new galleries* Under present arrangements, the 
facade of Burhngton-house, which the Institute of Architects 
and their President, Mr, Beresford Hope, made efforts to sare, 
will remain intact. The effective Doric or Palladian colonnade, 
however, that rounds off the area on the side next Piccadilly, 
I and which some deem the boHt part of the architectural com- 
I position of the celebrated amateur, the Earl of Burlington^ 
I appears atdl in danger. The works are committed to the care 
J of Mr. Pennethomej Mr. Sidney Smirkcs, and Messrs. Banks 
^^nd Barry, 
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ST. JOHN'S CHURCH, WOLYEHHAMPTON. 



Thb church of St. John, Wolverhampton, is a noble specimen 

' the style of architecture which prevailed in England a 

century or so ago, after the Wren revival, which is about the 

date of its erection. A font of beautiful proportions has just 

been erected at the west end of the centre aisle, and has been 

I so designed as to harmonise with the character of the building, 

' without strictly following the rules of orthodox ciassic detad. 

The main form of the font is circular, flanked by four columns 

of rich Dev^onshire marble, liaving c-apitala of the Corinthian 

type, conventionally carved. In the leafage of these are intro* 

duced the rose, Uly, passion flower, &e. ; while a oorresponding 

eurichment encircles the stem of the bowl itself, and serves with 

the bttJie mouldings to give variety to the eflect. Above each 

of the four capitals is a circuhir sunk panel, containing a 

Maltese cr<:iS8 and other devices, executed m different coloured 

niarblcs ; and around the rim, in tho spaces between these 

panels is inscribed the following text, in incised letters — 

^H ** One Lord, one Faith, one Baptism — ^Amen." Below this text, 

^Hjfi belt of inlay marbles, composed of griotte and Irish green, in 

^Hpat terns, with jewelled centres of spar, ciysta!, and malachite, 

^■wurrouods the bowl, and adds greatly to the blenchng of colours 

^™ and richness of the ctrect. The general material of the font is 

I Caen stone ; and it stands upon a red Mans field- stone step, 

I round which plain, coloured, and gli^zod paving tiles are laid 

I down geometrjcatly in the aisle, which has been widened at 

I tliifl spot for tho purpose, so as to form a suitable platform for 

the wliole. 

Tlie work throughout, with the exception of tho carving, 
which is by Farmer, of Loudon, has been very carefully executed 
by Messrs. G. and F. Higham, of Wolverhampton, from the 
dettgaJi of Mr. J, Drayton Wyatt, Ardutecti London. 



ON THE HEIGHT OP BOOMS. 

TO na SDiTOE oi ** tarn oiyil Biraurn* Am AfiosiiacT*a jovexau" 

Sir, — Permit me to offer a few remarks upon Mr. CreUin's 
very inconsequent formula in your last number. I fear we owe 
it to his unbounded admiration for the cube, and that it is this 
which has misled him into stating that the height of a room 
should in all oases be the square root of its area ; for this is 
what the wisdom about B, LB, &c,, amounts to. He oommenoDs 
by saying, " If therefore the four aides together with the top 
and bottom of a room bo made equal each to each, the propor- 
tions thereof wUl of courts be perfect/' I am convinced that 
such a room, as is here given us as a model of perfection, is 
really of the worst form possible ; and as I deny the advantage 
of the cube, I deny also the argument h^ which this form is 
made to affect all other cases. Indeed as Jar as the plan is con- 
c^3med, I consider no room should he less in length than four- 
tliirds of its width. But allowing the rule to pass, let us assume 
the area of a room to be 4,900 square feet, then by the given 
formula wo have the height = v^4900 = 70 feet. Now let us 
take some dimensions which will accord with our given area — 
7(V X Tcy ) 

98' X SO' I = 4900 square feet, 
196' X 26' J 

Surely Mr. Crelliu would not havo us beheve that all these 
roomSj whose areas are equal to 49O0 square feet, should be of 
equal height. I tliink that he must admit that a picture-gallery, 
25 feet wide by 2O0 feet long, such as was the water-colour 
gallery at tho 1862 Exhibition, would have been uunecessarily 
high at 70 feet. 

Lastly r why does Mr. Crellin after so carefully embodying his 
theory, make such an unfortunate choice of examples p 

Does he consider that Sir Charles Barry would have improved 
the House of Lords had he made the height 6 3 '63 feet ; and does 
he think that the fatt of raising the roof 32" 17 feet would amend 
the proportions of Guildhall ? or does he perhaps intend to show 
that an average difference of only 47 per cent, between the works 
of these distinguished men and the results by his formula proves 
that tliey unconsciously adopted it ? I am, itc, 

IS, Hyde Park Gate Soutn. Gxlbbbt E. Ebdgbatb, 

September, 1866. 



Waste of CoaL — ^Welch mining engineers estimate that over 
thirty per cent, of coal is lost in mining. Much of it is in fine 
dust. There are patent processes to make it into blocks ; but 
their costs is so great that they are httle used. In Scranton, 
Pa., the coal-dust is a proat nuisance ; and there is much dust 
in all coal yards. Being baffled in attempt to work up coal 
dust into lumps, the question is whether we cannot adapt 
furnaces to bum the dust- We have seen it burned by blowers, 
in a rude way, which is of little use; but this is not the question 
mooted, Wiiat we want ia a process that burns it weU, and 
with a moderate draught. This, we think, can be done by 
sifLing tho coal into the upper part of the furnace, mixed with 
air. The coarser particles ^vill tall upon a line grate, through 
which there will be a regulated draught ; but the dust will burn 
aa it falls, and never touch the grate. We have seen carbon- 
aceous powders burned whUo 8ust>cnded in air, and the_y Hashed 
like ^as ; an intense fire may be made in this way it skill bo 
exercised, and the problem is to proportion the lumace, the 
draught, and the feed of dust, so as to produce perfect com- 
bustion of all the tme particles before they fall to the bottom. 
The conceivable saving is not hmited to that of thirty per cent* 
of the weight of the coal ia the mines. There are cases in 
which the flaming combustion attainable by mixing air through 
the fuel, instead of merely bringing it in contact with the surfaces 
of lumps, wiU save room in furnaces, and thus be of great 
advantagje. In steam boder furnaces, where the grat^e-room is 
hmited, it may be advantageous. We think inventors may find 
piles of money in the piles of coal-dust that need to bo carted 
oK—Am^rkan Artizan. 

CompHition. — The authorities of the town of Charleroi, 
Belgixmi, invito foreign as well as Belgian architects to submit 
plans for the enlargement of the town, tne demolition of its forti- 
fications, and the reconstruction of its railway station. The forst 
premium is £200; it is not stated whether the successful compe- 
titor will be entrusted to carry out his design; the second pre- 
mium is £80. The prcmiatcd plana to remain the property of 
the municipahty, which, moreover, reserves fo itself mo right of 
purchasing any of the others for the sum of £20. 
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SMITH'S Self-adjusting elastic bailway 

WHEEL. 

Thb defects of most railway wheels now in use, arise partly 
from their being fixed to the axles resulting in loss of power 
in traction, by tne unequal wear and tear of the tyres, sliding, 
skidding, oscillation of the train, uneaual shrinkage of the tyres, 
and these disadvantages are increasea, should the frames of the 
engines or carriages get out of the square by twisting or 
straining, leaving out of the question bad road, unequal lengths 
of the rails at the curves, the harsh and grating sound ^mile 
passing over the bridges, as well as the enlargement of the 
en^e tyres, when they have to be taken off and reset, all of 
which have to be taken into consideration. 



The object of Smith's Bailway Wheel is to obviate the dis- 
advantage of the fixed wheels now in use. 

The novelty consists in the body, spokes, or disc-plates being 
suspended to the tyres. By such an arrangement, tne tyres are 
in compression, wnile the body, spokes, or disc-plates are in 
tension, the reverse of the principle now adopted. The advan- 
tages, as stated by the patentee, are cheapness, lightness, dura- 
bility, greater safety to the trains, especially at high speeds, as 
the tjrres cannot separate or break from the body, spokes, or 
^sc plates of the wheels, nor can they mount the rails ; the 
jolting is less, and also the wear and tear to engines, carriages, 
and permanent way ; no skidding, or sliding, or lateral concus- 
sion, nor any necessity for double rails at sharp curves, as the 
tyres regulate themselves; neither is the vibration of tho 
bridges so harsh, on aoooimt of the elwticity of the wheels. 




The construction of this wheel will be understood from the 
accompanying diagrams. — Fig. 1 is an elevation of the upper half 
of a suspended wheel with uie disc plate C removed. In this 
case the tyre D is grooved and the ed^es or flanges of the disc 
plates C, C, are turned inwards and mserted in the groove of 
the tyre, such poove being of sufficient depth to allow of easy 
play, with elasticity of action and means of adjustment to the 
tjrre ; Fig. 2 is an elevation of the lower half of the same wheel ; 
and Fig. 3 is a transverse section of the whole wheel. When 
the wheels are fixed to the axles, the tyres must be worn 
unequally, and there is great oscillation should the frames of 
the carnages be out of square. To avoid this inconvenience, 
hollow axles are keyed into the bosses or naves of the wheels, 
and the solid axles pass through these. The bearings, which 
may be of any kind, rest on the hollow axles. A spring may be 
inserted at tne back of the boss or nave, being confined by a 
plate, so as to allow the wheels to yield laterally, and lessen 



the effect of concussion in that direction. To keep the wheels in 
their places, and, at the same time, to allow of self-adjustment 
when travelling over curves or defective roads, plates are bolted 
to the backs of the bosses, naves, or collars. The wheel is 
formed separately, and connected to the back of the tyre, whidi 
is grooved, by means of either disc or ring plates, rivetted or 
bolted to the spokes or arms of the boss or nave, and having 
tumed-in edges or flanges, which are inserted in the grooves of 
the tyre, and are of sumcient depth to allow of easy puty, and to 
afibrd elasticity of action, and means of adjusting to the tyre. 

A set of these wheels have been in use for some time past on 
the North London Eailway, and it is stated that they have 

S'ven satisfaction. Another set will shortly be employed upon 
le Great Western Bailway, to test their capabihties. 
The inventor and patentee is Mr. Greorge Smith, Jun.. 
M. Inst., C.E. 
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BRILLS BATHS, BRIGHTON. 

(With En<f ravings.) 

This building, of which we give exterior and interior riewB, 
is now in cxmrse of erection oti tlie site of the structure ao long 
well known as Brill's Brighton Baths, and will form an impor- 
tant addition to the architectural fcaturea of the town. The 
new building will preatlj exceed the former in «i»e, and in the 
oompleteneas of its arrangements. 

The general arrangements consist of a plunging bath on 
ground floor 62 feet long by 30 feet wide, the ends being 
aemi -circular, and the interior paved with whit« glazed 
tiles, on a Portland cement ground. There are eighteen 
dressing-rooms on this floor, the diirisions between which are 
of a lignt green enamelled slate; their ceilLngs, and that of ih^ 
passage, being white enamelled slate, of which material the 
noors, too, are constructed. The doors of eommuni cation 
between passage and dressing-rooms, and from dressing-rooms 
to plunging bath, have glass in the upper panels. The whok> of 
the woodwork is stained and Tarnished. All the wiills im this 
door not faced with brick will he in parian cement* tinted to 
agree with the light green dirisioDS, T!ie whole of caps, string, 
and cornice are of Pevon limestone. The columns are of granite. 
Hood moulds to arches, Portland stone. There will be an 
encaustic-tUe band under cornice, and two between the drst and 
^und floors. The brick facing is the Btidham pressed bricks, 

fointed in fine mortar ; the arches Suflblk reds, 'llie whole of i\xe 
rick work is of stock bricks in cemi nt. The first flcxjr is fur- 
nished with twelve white porcelain baths and fittings. This 
floor is also of slate, and has a space of 2 feet, for pines, between 
it and the ceiling below. The roof is of iron, and filled ^"ith red 
and yellow bricks ; the interior ironwork will be faced with oak 
mouldings . and the exterior will be covered with plain tiles. 
The Untem over is of wood, aod the ro<;>f of glass. I'he Pool 
Valley front is faced with Budham facings and red Suffolk bricks. 
The capH, com ice, and strings are of Portland stone ; there ia 
an encaustic- tile band between the caps of piers. 

The architect is Mr. Geo, Gilbert Scott. K-A.^ and Messrs, 
Jackson and Shaw, of LondoD, are the builders. 



ON RIVETTED JOINTS .♦ 
Br TsoiCiJ Baldwin. 

Ask a boiler-maker why he places the rivets in a boder 2 in* 
ftpart, and he answers, because ** it's the practioe— *' that is be- 
cause it is customary to do so. 

Ask the inspector of a boiler association the same question, 
and he, ** with nis extensive experience and close observation of 
many hundreds of boilers/* tells ^ou that 2 in, is the best dis- 
jBtice, since the boiler-makers use it, and, further, if the rivets 
k>le placed at a greater distance apart, the joints cannot be made 
tight, and, if placed nearer t^^gether the metal left between the 
rivet holes wul be too weak to bear the strain upon it. ^ 

If, then, you say to these gentlemen it has been found by 
experiment that a bar of iron 1 in. squure used as a rivet wiU be 
sheared across by a force of 50,0001b., and that a piece of boiler 
plate liaving a section equal to I square inch will be torn 
asunder by 61,0001b.. and that you conclude from these experi- 
mental facts that the area of the 'rivets and the area of the cross 
lection of the metal left between the rivet holes should be nearly 
equal to make the strongest boiler, you are at once told that 
** in theory it may be sOt but it has been found that the plates 
are so much weakened by the use of the punch that nothing 
abort of 2 in. will do for the nitch of the rivets." If you ask to 
be referred to experimental aata showing that this pitch under 
all circumstances is the best, you are simply told that experience 
teaches it, and this even by men placed in a position to advise 
the users of steam boilers as to the oest method of construction. 

Tlie writer is, therefore, desirous of placing this matter fairly 
before those who spend large sums of money on steam boilers, 
and yet get only 75 per cent, of the strength tliat correct prin- 
cipies of construction wiU give, and, therefore, pay 25 per cent, 
more for a boiler than is required if these prineiptes be attended 
to, or get a boiler tlrnt is 25 per cent, weaker than it ought to 
be. However strange it may seem, a boUcr made of j in. plates 



and put together with |in. rivets and 2 in. pitch, ii juat as 
strong as a boiler made of ^ in, plates, with the rivets and pitch 
the same as used for the | in. plates, for both would give way, 
by the rivets being sheared across, which causes the user of a 
boiler to pay 25 per cent, more for his boiler than he ought to pay. 
We will now try to ascertain and confirm by mathematioil 
demonstration what ought to be the proper nitch to get the 
strongest rivetted joints Tor steam boilers from tne least material 
when the thickness of plates and the diameter of the rivets are 
given. 

As mathematical demonstration is by far the shortest and 
simplest way of arriving at the required result, 
Let P ^ pitch of the rivets in inches. 
d =^ diameter of the rivets in inches. 
a ^ area of one rivet in inches. 
i = thickness of plates in inches. 
$ ^ number of pounds required to shear one square inch 

of wroupht iron in the form of rivets. 
n ^ number ol pounds required to tearasunder one square 
inch of tlie hoi lor plate, left between the rivet 
holes after pimching. 
Then the sectional area of the plate between any two rivet 
holes is 

= (P - rf) /, 
and the force required to tear that section asunder is 

= (V-d)tn . . . . . . . (1) 

TLc force required to shear one riret acrosi is 

^ =a» . . (2) 

Now, to economise material, and make the strongest single 
rivettt'd joint, wo must make the rivets just on the point of 
shearing across when the plates are jmit on the point of beiiig 
torn asunder; thus (1) and (2) must be equal, or 

(B — d\tn^a4 (3) 

from which we get 



tn 



(4) 
(6) 



and 

" = {l\-d)t 

Now Mr, Fairbairo has given a table for practical use, in 
wliieh tlie thickness of the plates, the diameter of the rivets, and 
the pitch of the rivets are stated. 

Making * = 50,000 lb., which has been arrived at by oiperi- 
ment, and given on the authority of Professor Eankine, and 
making P, a, and i agreeable to Mr, Fairbaim's table, we End 
by equation (5) the values of n in table 1 , column 5 ; 



QiT«]i io Mr. r«irl»ira'i 




'nr^ 




Ubl«. 




Fkt« 


m^ 


F1t4»b 






r 


d 


» 


a 


n 


t 


375 


125 


'11044 


33670 


*500 


1-50 


^9635 1 


39270 


A 


625 


1625 


•3068 


4908H 


75 


175 


•4417 


58893 


' 


^8125 


200 


*51819 


mm^ 


- •• 


'y;i76 


2*60 


6903 


35346 


' ' 


M25 


3-O0 


•DS^4 


35343 



The values of », shown in the last column, are very variable 
indeed, attaining a maximum in the case of jin. plates amount- 
ing to 58,S93 lb., while the exnerijuejits made by Mr. Fairbairn 
on the tensile strength of boiler plates, and given in his paper 
read before the Society of Arts m November, 1864, gives the 
mean value of ti .= 52,4St> lb., and yet we find the values of n as 
deduced for Jin. plat^^s from Mr. Fairbairn's table, amounting 
only to 43,666 lb, and for A in. plates as low as 39,2701b., a dis- 
crepancy quite unaccountable, 

The common practice of making the di.^tance between the 
rivets 2in, for | in. plates with |in, rivets, given by equation (5) 
tlie value n= 51,041 lb., which ia a close approximation to the 
strongest form of joint for sinele-nvetted plates. 

If n be taken of the same value as Mr. Fairbaim recommends 



for jin. plates, we have by e(|uatiou (4) 
a# . , *44ir X 500tX) 



P 



» RMd iMfbr* tU Booietj of SngiiiMn. 



^-f. + '^- 



•6 X bSSm 



+ -75 = l'5iii. (A) 
76 
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But if tLe pitch of the rivets for ^in. plates be 2ui., then 
» =s 61,041 lb., with jin. rivets and Jin. plates we get : — 
_ -4417 xJuOOf) , „ ,.,,. ,„^ 

^= -5 X 61041 +-^6=1'6^S»,. . . (B) 

Mr. Fairbaim ffives a ntimber of cipcriracnta on single- 
rivettcd joints ID tlic *' Pliilosfipliical Transactions for the yrar 
1850," and m liis ** U.Hcfiil Infonnation for Bngint'ora," tbo 
thic)niest« of the plates used being *22iii. and 3in. broad, put 
together with Jin. rivet ft. 

The mean breaking weight of all the eipcrimenti is given at 
m590lb. 

The area of the two rirets i^eing 2 X '19635 = "3927. and the 
gectional area of tho plates after punching = (3 — 1) -22 = '44, 
from which we get : — 

« = 1^=42250 lb., 
'44 

whick being used for |in. plat-es with j-in. riveta, we have by (4) 

Mr, Fairbairn's experiments with plates '2210. thick, 3 J in. 
broad* fastened togetlier with three rivets Jin. in diameter, 
gives — 

Area of the tbree rivets . , . . . ^ *589 in. 

Area of plates, deducting rivet holes . =^ '44 in.* 
wbidi broke through the line of rivets by 19,675 lb,, giving 

=44534 lb. 



„^ 1^675 _^, 



Had these plate?* been 4'178 in, broad, instead of 3*6 in., the 
section of the plate after punching would have been 2*678 X '22 
^ *689r eniml to the area of the three rivets, and the rivetted 
joint much stronger, the ratio of strength being neariy as 
100 to 84. 

But experiments made on only two or three rivets is no fair 
criterion, as Mr, Fairbaim has suggested^ for he eoueludoM that 
the atreogtli of a single-rivetted joint, including the rivet holes 
in the measurement of the section of the plale, is fairly repre- 
sented by a breaking strain of 34,000 lb. on the sfjuare'inch of 
auch section. 

Now, the entire section of the plate used in the experimental 
inquiry with two rivets, was 3 X '22 = *66 in., and the section 
of the plate, after dcdueting the rivet holes, will be (3 — 1) 



= ■44in,i we then have n = 



340 00 X -66 
*44 



= 51000 Ik as 



consideration the circumstances under which tbo reniilts wer 
obtained, as only two or three rivets came within the reach \ 
ex]>eriment ; and, again, looking at the increase of strengi 
wliich mi^ht be gained by having a greater number of rivets i 
combination, ana the adhesion of the two suHaees in cont.ic 
which in the rivet-joints compressed by machine is considerable^ 
we may fairly assume the ftillowing relative strengths as 
the value of plates with their rivetted joints r — 

Taking the strength of the plato at . . . . 100^^ 
The strength of the single rivetted joint will be 56." 
Kow we tind, by equation (6), for all piaoLical purposes, # an 
n are ao nearly equal that they may be neglected, and that 

P-'^=y {7} 

Tlien wehave 100:56::P:P-^. But it has been shown that! 
the area (a) of the rivet must enter into the calculaiion, and if 
we substitute the equivalent of P — d frijm (7) we get — 



100:S6;:P:ii 
t 

;.r=l'7857 ± . 

which for i in. plates and i in, rivets gives^^ — 



(8) 



P=]7857 



■4117 



= l*5774in , . - , (F) 



the power of the rivetted plates to resist a tensile strain. 

Applj^^ug this value of » as before, we find for ^-in, plates and 
f-in. rivets — 

^= -•5>r~51060+'^^ = ^'^^« ™ 

The mean of these results for i-in, plates will be found to trive 
P=l-63in. ^ 

We therefore find that the shearing force und the tensile force 
are so nearly equal that for pructienl purpose h they may be con- 
sidered so ; we can then dispense with ji and b in equation (4), 
which becomes 

P = f +rf (6) 

which gives for ^-in, plates and ^-in. rivets 

P= *iil?+ -75= I'6334in. ,..,,,. (E) 

o 

nearly the same value as the mean of all the other deductions. 

After Mr, Fairbnirn has analysed his experiments, he says : — 
*• If we take the mean of the experiments as respects the area of 
the rivets to that of the plates, we find one-halt in rivets about 
the proportion, or the area of the rivets in the hist experiments 
should nave been 4 in., which is nearly equal to the area of the 
plates through llie rivet holes.*' 

The following note is also attached : — '* Subsecpient experi- 
made for ascertaining the strength of rivets {vide experiments 
on the strength of rivets for the Britannia and Conway tubular 
brill ges) fully corroborate these views, namely that rivetted 
joints exposed to a tensile strain are direct ly* or nearly so, as 
their respective areas, or, in other words, the collective areas of 
the rivets are equal to the sectional area of the plate taken 
through the line of rivets," 

Agrin^ in his paper read before the Society of Attn (November, 
186^, ho says : — "In this estimate we muit however, take into 



Or substituting the value '7S54 d* for a in (8), we hare — 

p=i-4 ^> 

This expression for the distance of the rirets Iw thertfoi 
deduced from Mr. Fairbairn's estimate of the whole of his ex 
rimrnts. and gives values di Bering from Mr, Fairbaim's tabli 
given in his paper, and before quoted. 

Now Mr, Fairlmirn gives distances for rivets which, he «tAt< 
he finds the best in practice, yet at the same time they do no 
agree with his deduct ion a from experiments. 

No one will doubt the importance of having the shells of 
boilers made of the strongest possible construction. 

When the single-rivetted joint is u^ed, and the thicknean < 
the plates and diameter of rivets given, we have seen that th 
true pitch of the rirels is given suiBcicntly ue«r lor pmetiii 
purposes by equation (fi), and also again aa deduced from Mr. 
Fairbaim's estimate of liis own experiments by equation (t^). 

A table, gi^Hng the pitch and diameter of the rivets, and th 
thickness of plates, will be found below, containing the rotii' 
of both these investigations, ^^ 

n. 



Thiokneii 


Dtiutipter 


Ami of th« 


Fiich of the 


Pit«3ioftht^ 


of lUc ulatei 
in inchM. 


or Iho riTeLa 
in iiiehcv 


rivets 
in iuche«. 


n\»t* in 




t 


d 


a 


p=H'' 


,=..<■ 1 


i = 25 


i ='5 


'1963 


1-2854 


i4m 


^\ = -3125 


f = 1125 


*3068 


1'6067 


17528 


J = -375 , 


} ='75 


'4117 


19278 


21033 


^ = -4376 


J ='75 


•4417 


17506 


1-9031 


tJ, = ^i375 
= "5 


ij = -8125 


•5185 


19976 


2115d 


i = -75 


•4417 


163M 


15774 


= •5 
1 ='5 


i = -875 


*5185 


1-8496 


18513 


^6013 


2-0776 


21471 


^j = *5625 


U =-8125 


•5185 


17343 


1-6465 


f^ = -5625 


i ^ '875 


*6013 


19439 


19086 


A ^ -5625 


H - '9375 


•6903 


2 1647 


21910 


Y ^ '625 


iil= 9375 


•6903 


2-0420 


1-9729 ^ 


f = '625 


U=-l 


•7854 


2-2566 


2-2436 



Tiie fourth column of the last table seems to be entirely tnist- 
wcrthy as to the pitch of the rivets, since the relations of thf 
strains are more uniform than would be the case if the formula 
of the last column was used. Where the holes we puoched 
their mean diameter should be taken in fixing tlie pitch, as the 
taper of the hole, reduces the area of the metal Ibetwcen tl^s 
rivet holes, and it is only necessary to increase the pitch by tb* 
amoani the mean diameter exceeds the diameter of the pimclu 
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As dotible-rircttcd joints are made up of two parallel rows of 
rivets, we have to dt'termine first tlie distance from centre to 
centre of riveta measured alonfr the rtjws, and secondly, the dis- 
tance between the centres of the two parallel rows of rivets. 

Mr, Fairbairn gives the pitch or fhstaneo between the cfntres of 
the rivets for double-rivetted joints the same as for single-rivet- 
ted joints, but that distance, the ivriter presames, is measured 
di&gonaliy from one row of rivets to the othc*r, so as to fomi two 
rivetfl in one row and one in the other into nn isosceles trinnj^le, 
and the distance apart of the two rows of ritets can onl y be 
determined by knowing that the lap for douWe-rivetted joints is 
to be one and thrce-cjuarter times the lap of a sin^le-rivetted 
joint, and placing the two rtiws of rivets at the same distance 
from the edge of tlie plnte as for single-rivetted joints. 

Now^ if we so place the two rows of rivets that they shall form 
a number of isosceles triani^leSt they will, when mrasurcd 
diagonaUj* and liaving equal distances apart j have the follo\^^ng 
values. 

Make P equal the hitch of the rivets in each row as before, 
and D the distance they are apart, measured di a penally* and I) 
the distance betweea tlie two rows of rivets ; and all the other 
Tallies the same as before, then 

represents the sectional area of the plate between the rivet holes 
in each row of rivets, and 

{P--d)tn ,.. ., (10) 

the force required to tear that section as under, 

Tlie rivets to be sheared across by the force that would tear 
the last-named section asunder are two in number, and this 
force ii* represented by 

2rt* ... ... (U) 

and as before, in the case of singlc-rivettcd joints, the values in- 
dicated by (10) and (11) mnst be equal ; that ik, 

(^ — tf)tn = 2af .. ,., ., .„ {12} 

But it has since been shown before that « and n are equal ; hence 

P = y + rf ! (13) 

the distance the rivets ought to bo apart to ensure the itrongest 
and moHt economical structure. 

The sii'tional area of the plates between the rivet boles, taken 
diagonally, according to the principles of .v/rcxv, need not be 
greater tlian half that of the plate between the rivets of each 
xow; that ta, 

Tlierefore, 

D=^ (U) 

and by substituting the value of P from (13) into that of (14) 
we get— 



D = ^ -h ^ . 



(15) 



If we make the distance between the two rows of rivets one 
half the distance of the pitch of the rivets mcnsured longitndi- 
nallj, we sbnll pet D rather in excess of the above value (15), 
and nppfToximate very closely to the experimental form with 
double-rivett(Hl joint made by Mr. PairVmirn. 

The Table I. applies equally to double and single-rivetted 
joints, since Mr. Fairbaim givey t!ie pitch of the rivets the same 
Tor one as the other, although it is dillicult to see why. since 
the strength of the doubh*>rivctted joint depends cntirel}' on the 
proper proportion of the pitch of the rivets in each row to the 
diameter of tlie rivets and the thickness of the plates, and not 
oa the distance between the two rows of rivets, or the diagonal 
diataoee of those rivets, so long as the last two distances are not 
so small as to cause the plates to be tx>m or sheared asunder 
diagoimlly. Any excess above these distances only adds to the 
cost and weight of the structure, without increasing its efficiency. 

In Tabk* II. the fourth column gives the pitch of the rivets 
for donble-rivetted joints, and by comparing equation (6), from 
whicli that column is computed, with equation (13) for double 

riTetted joints, we find that it ia only necessary to add - to the 

values of P in the table, in order lo obtain the correct pitch of 
the rivets for double-rivctted joints. 
Taking eatperimenU Noa. 38 and 39, Table X. of Mr. Fairbami'B 



experiments on double-ri vetting, as the mont conchisive. we find 
that the thickness of the plates are '*2"^, the diameter of the 
rivets three -eighths = 375, the breadth of the plates 3'125in., 
the mean breaking weight 23,7t>7 lb., fracture takmg place across 
the rivet holes A, B. 

In these experiments there are fire riveta to shear across, and 
the sectioTialarea of the plate, deducting the rivet holes across 
A, B, should equal the ureh of the five rivets, that is, 

^111)11 X 5 = 6622, 
and *5522 -J- '22 H- 3 f/ = the width of the plate to be of the 
strongest form, rf being the diameter of the rivets, from which 
wc get 3*635 in. as tlie width of the plate, whereas the oxpcri- 
mentai plate was only 3 125 in. 

Now, to have been m accordance with double-rivetted joints as 
used in ]jractic^, the experrnient should have been on six or any 
other even number ot rivets, if the object be to determine the 
distance or pitch of the rivets. As an example, take the shell of 
a steam boiler, the direction of the rivets passing round the 
shells is shown at a b. and the double or longitudinal rivets at 
c d, The distance of the rivets in each row of the doubk^-rivot- 
t-ed joint will then be givou by the equation (13) as before 
slated. 

In circidur steam boilers with two flues, the strain on the 
rivettcd joint? is very variable, for whilst the joints that run 
parallel to the ftxis of the shell have a strain upon them of three 
units, the joints that pass around the circumference of the shell 
Imve only a strain of one unit upon them ; hence this class of 
boilers sfiuukl have the longitudinal joints double ri vetted, and 
the other single ri vetted, when, owing to the ring of rivets passing 
n>und the boiler on each edge of everjr set oT plates, and the 
double-rivetted longitudinal joints, the boiler would be as strong 
with this combination as ii the whole were made of solid rings 
of plates, providing the plates are not made too wide. 

The common practice of boiler makers in Lancashire and 
Yorkshire is to use two inch pitch and three-(|uarter rivets, 
whether the plates be three-eighths, seven-sixteenths, or one- 
h^df inch, which cannot be too much condemned ; yet we find 
chief-engineers of boiler associations stating that this is the 
correct method of constructing steam boiler rivetted joints, 
although experiments decide to the contrary. 



THE AUCHITECTUILiL ASSOCIATION, 

Th^is Society commenced its 26th session on the 26th ult-i 
under the Presidency of Mr. Hobert W. Ed is, A.K.I.B.A., 
who also filled the Presidential chair during last year. The 
meeting was numerously attended, a ronrentazwne forming a 
part of the evening's enga gem cuts, but the principal business 
of the evening was the delivery of the President's valuable 
inaugural address, which will be found reported in another part 
of thirt month's number of this Journal. 

We are glad to draw attention to the very excellent syllabus 
of papers to be read during t!ie Session 1860-7* which the Council 
has been enabled to iSHue, containing as it does, many subjects 
of the gn:'ateHt practical value to the architectural student, and 
which will be treated by men, several of whom have long bren 
well known for their distinguished attainments in connection with 
architectural art- 

The committee express their great satisfaction in obscn^ng 
the continued increase in the number of members of the Society, 
which aflbrds proof of its utibty, and supplies the meanj» of in- 
creased usefulness. The list of members now nund>ers 333, 
against 280 and 245 in the last and preceding years respectively. 
Tlie number of architects in practice who belong to the associa- 
tion and take part in its business is considerable, but the 
members generally are students, and it is fn>m this class chiell^ 
that new members are ex|Hicted to be obtained. For their 
information, therefore^ the committee set forth some of the 
advantages of mcmbersliip. and exnress their wish for a still 
larger addition oi* that class for wliose benefit the association 
was founded and now exists. The ordinary meetings of memberi 
are held on alternate Friday evenings, when papers upon archi- 
teetural questions are rea<l- In the discussions which follow, 
all members are encouraged to join, and it is to bo desired that 
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til 19 favourable opportunity of acquiring the power of publio 
epeakmg were more generalhr used. 

The Vice- Pre 81 dents are M^^ssrs. K. Phen6 Spiers* and Edward 
J. Tarrer, and the Committee for the session now commencing 
are Messrs. G. H. Bireh; J. 8. Edmcston ; E. B. Ferry; 
H. L. Florence; E. Lee; C. H. R Lewis; W. Longsdale ; 
J, T. Perry; L. C. Riddett; and L. W. Eidge; Hon. Treasurer. 
Mr. J> D. Mathews ; Hon. Secretaries, MeBsrs. J. D. Mathews 
and liowland Plumbe. 

Students of architecture in the metropolis would do well to 
avail themselves of the opport unities for improvement which are 
placed within their reach by tliis Society, wliich has proved of 
great bcDefit to those who Lave become members* 



NEL'^IETEE'S NEW POWBEE FOE GTOTS AND 

BLASTING. 

TiiK new powder discovered by Herr G. A, Neumeyer. a 
manaper of stone quarries at Taucim, noar Leipzig, is said (Berg- 
und hiittenmanuische Zeitung, No 36, 1866, p. 309) to possess 
the following properties : — 

1. The powder bumsi but does not explode if the air has 
ftcoess. 

To prove tin's the following experiments were made last year 
at AJtenburg, in presence of the Town Council : 

(a.) An earthenware drain pipe, about 11 inches long and 4^ 
inches internal diameter, was placed upon a brick and buried in 
the ground for two- thirds of its length ; it wiis then filled with 
about 4Jlba of Ncumeyer's powder, and this lighted. The 
powder burnt quietly, merely sending up a long ilame. After 
the experiment the drain pipe was found to be quite uninjured. 

(A.) A conical earthenware tube, 15| inches high and 4J inches 
in diameter at the bottom, and rather more than 1 inch at the 
toDt was buried in the ground for two- thirds of its height, and 
filled up to the mouth with about 1 lb. 6 oz. of Neumeyer'a 
powder. On being lighted, the powder burnt somewhat quicker 
than in experiment (a), but the vessel was uninjured. 

ie.) An earthenware bottle, with a large body and very small 
neck, was filled with 1 lb. 10 oz, of Neumeyer's pc:>wder. It 
bums very quickly, giving a long flame ; the upper part of the 
vessel broie off in consequence of the great heat, ana fell down 
by the lower part. 

As counterproof, a similar but smaller vessel was filled with 
about 9oz. of ordinary iMjwdor \ it exploded with a loud remrrt, 
and the vessel was broKen into numberless fragments, which 
were scattered about for a great distance. 

(fi.) A very instructive experiment was performed with an 
iron gun-barrel 2 feet long and J inch in diameter. The barrel 
was tiUed up to the muzzle with Neumeyer's powder, and this 
was lighted through the touch-hole. The powder burnt, sending 
out a curved flame through the touch-hole, and it was only the 
last portions that were projected in a small ilame from the muzzle. 

On the 27th November, 1H65, the following experiment was 
made in a quarry at Taucha, and shortly afterwards it was re- 
pealed before a large assembly at Altenburg, A small house 
was Imilt, 4 feet 8 inches high, 2 feet 6 inches long, and 2 feet 6 
inches deep, the walls being S J inches thick. In front an open- 
ing for a door was left, 11 inches square, and at each gable end 
there was a window 3 J inches sciuare, closed with thin boards* 
A wooden box with 33 lbs. of P^eumeyorB powder was put in 
through the opening ft*r the door, which was then closed with a 
piec^» of sheet iron. The powder was ignited by a fuse, it burnt 
without making any impression on the house, and even the 
wooden box retained its sliape, being merely charred* To show 
the t5ontrast with ordinary gunpowder, a pound of this, loose, as 
in the previous case, was pat in the little house. On its being 
ignit-ed, the house was shivered into pieces, 

2. Neither pressure nor percussion will clause it to ignite. 

3. Its explosive force is equal to that of ordinary powder or 
even greater. 

4. It leaves behind less residue than ordinary powder. 

5. It does not attract more moiuturc from the atmosphere 
than ordinary powder. 

6. It leaves behind less powder- smoke than ordinary powder. 



Its smoke, however, is light, disappears quickly, and baa no in- 
jurious effect on the health of the workmen, 

7, It is cheaper than ordinary powder in the proportion < 
30 to 31. The prices by weight are the same, but as it has bee 
found that 76^ grains of Neumeyer's have the same exploait 
force as 79 J grains of ordinary powder; the above propor * 
may easily be deduced. 

It appears that Neumeyer's powder is aa strong as ordinar 
gunpowder in spaces that are made as far as possible air-tighl 
but tliat when the air has access it bums without exploding 
Herr Wohlfahrt, inspector of mines in the Duchy of Saxe Alteii 
burg, adds thtf following concluding words to Herr Neumeyer^ 
pamphlet : — I must really call Kerr Neumeyer's discovery | 
messing for mankind when I look at the frightful accident 
caused by explosions, which recur year after year in all quarter 
of the globe. I need only recall the great explosions i 
Mayence and Erith, and that which happened lately in th 
Inborn tory of M. Aubin in Paris. All imaginable precautioni 
the strict<»8t regulations^ and the most expensive arran^ementi 
for transport and storing, do not strengthen the thread by ^ ^ " ' 
the hfe of those who have to do ii^itlj gunpowder must b!^ 
hang. How many soldiers are kdled in battle whc 
amnninition waggon explodes, and how much greater 
the disaister when the powder magazine explodes on board i 
man-of-war! All these disasters in war and in peace willl 
avoided by the use of Jteumeyer's powder. Accidentally igniti 
it will burn out quietly, whether in a massive tower, in ammu 
nition waggons, or on board ship, but will not eiplo' 
It will at most hft up the valves which should be fixed to I 
cases, and probably wiO not cause the fire to extend to olhe 
combustible materials, for I expect it will have a similar effed 
to Bucher's fire extinguishers. Just as the spectators itoo< 
only five paces from the little house when 33 lbs. were burning 
so one will bo in perfect safety at a short distance when sere 
tons are Lighted.' 



AECHITECTFRAL ASSOCIATION.— OPENING 

ADDEESS SESSION 1866-67. 

Br Egbert Wm. Edis, A.R.I.B.A., Peksidknt. 

Another year has brought us again together, and cmc« mon 
I have the honour of coming before you, as your President, to 
address you at the commencement of the new sf^ssiou. When 
I addressed you last year, I did not expect so soon again to Ear* ^ 
the pleasure of doing so ; and, highly as I estimate the honoiir^^| 
of re-election as your President, it is, at the same time, a source ^1 
of much gratification to me, as a proof of your esteem aad ' 
approval during my last year of office. 

In starting upon our twenty-fifth year, I must again congratu* 
late this Association upon its c^ontinued and increased ruecrw. 
I beheve that each year we have been making ourselves moni 
useful to each other, and gaining increased influence abntad, and) 
I think there can be no doubt that, if properly managed, our 
Association should become one of the most important societies of 
the kind in London; for, remember, we clash with ncmiti we 
hold with all proper respect the Eoyal Institute, of wliich reiy 
many of us are members j but wc have belonging to us a variety 
of essentially useful classes, which, I believe, are peculiar to 
our society, and I cannot attach too much importance to their 
usefulness, for, without doubts they encourage and footer a 
spirit of work and friendly competition, give room for the inter- 
cnan^e of friendly opinions, and are the means to majav of u& of 
fornimg acquaintances which, depend upon it, we ahaJI nona ot 
ua regret in aflerhie ; for, as 1 have always urged, tin? more 
young architects know of each other, and the more they work 
together in unity, especially in those things pertaining to their 
art, the bett^?r it will be for them, and the more pleasant will bf 
their after business intercourse ; and remember, too, that the 
Architectural Association, as the younger society, becomes the 
nucleug of what must needs be the future generatioo of artJu< 
tccts. I can only hope that our members will yearlv inci 
as they have done during the last few years, our n ^ 
now nearly 350, for I believe, in these days of so^ 
and amalgamations, the more we as a body cling H-^MUff, 
stronger and the more able shall we be to assert our own. aud ta 
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raise tbe profession to irhich we have the privilege of belong- 
ing. Our funds are in a prosperous state^ ami tlie attenrlauces 
at the UHUftl forttiiglitly tiUM'tings, att well as nt the various 
classes, with one exception, have been good and increasing. The 
class of design has l>een most sat is fart only attended, and to judge 
by the skt'tcUcs, tbe progreMs therein iu the designinj^ portiOQ of 
the work has been equal to the numerieal increase. We owe our 
best thaaks to several of the senior members of the profession 
and of various art trades, who have come fon^'ard to help us, by 
giving UB valuable papers, embodying the results of their more 
matured experience in the yracticml working of our profession. 
I am glad that we are able to lay before you an equally good 
programme for this session. One great benefit to memhers of 
such at) association a^ ours lies in the classes belonging to it, 
and that it g^ves them also the opportunity of forming separate 
classes for various subjects if they please : as an instanee of this 
1 may mention the wnter-colour class, which has hpen in every 
way successful. The figure-drawing class I eonsirler as one of 
the most important classes ot' this society^ and 1 cannot but 
regret that it is not more numerously attended, for the man who 
wishes to understand, and to work in, the art aeccHsories of our 

Srofession, suek as sculpt ore* painting, and stained glass, cannot 
o so without he himself has a good and th<^ruuE;h knowledge of 
the human figure. Oar best thanks are due to Mr. l*oynter, 
our Lite teacher — who» I am sorry to say. has resigned, from 
press of other work— and also to Mr. Tarver and Mr. Ferry, 
the honorary secretaries. This year the class has made a new 
start, under the secretaryship of Mr. Lewes, whose name I 
have only to mention to make the Association teel that under the 
care of one of its most energetic and e<:>nstant members, the class 
will not sufler. It has been decided to continne the class at the 
same rooms— t!iose of tlie School of Art, in the Vortland-road — 
and I urge you, gentlemen, not to lose the npportimity of joining 
this really valuable class, for, to quote Mr, Scott, *' The human 
figure is the most delicate and subtle, in an artistic point of 
view, of all natural objects ; and its study is consequently the 
beat training fur the eye to a delicate appreciation of beauty. 
It is the highest of the works of creation, and its introduction 
in artistic works of whatever kind must necessarily give them a 
tone wliich no other object can impart, and I am ouite convinci^d 
that the general training of our architectural students to figure- 
drawing would alone work a reformation in our architecture." 
One class in oxir Association has been given up, unwisely, as I 
think, for even if tbe express object of it be more or less a 
failure, yet it is eminently a most useful one, and I hope to see 
it ere long revived, even if it have to be re-cbristened. The 
da§8 I reier to is the " Voluntary Examination Class." The 
eubject of architectui-al examination seems to me a most serious 
one, and, although the Institute 1ms considerably modilied its 
rules to meet the wishes of the Association, yet, practically 
speaking, I believe the scheme, as it now stands, is essentially 
a failure, and is hkely to continuo so, unless some very radical 
alteration be made therein. 

There is a continual outcry by newspaper critics at the want of 
character and the want of tJesign, ana oft times worse than this» 
of many of the new buildings of the present day, but how a good 
design is to be got without a proper art education, any more 
than good sound law. or good medical advice, without proper 
legal or medical educations, I am at a loss to understand. 
Before entering in to an architect's office the embryo pupil should, 
I think, have gone through a course of preliminary study, so as 
to give him some foundation for ofliee work, instead of, as now, 
being often drafted direct from school, i|t!;norant probably of the 
verr rudiments of the history and learning of architecture, and 
Tinderstandmg nothing about the use of T squares, or set squares, 
or instruments of any kind, Mr. Scott savs '* The architect of 
the future must be himsilf the leader and director of the artists 
he employs, and if he desire to remedy their defects, he must 
take tbe lead by making himself master of the subject." and 
nothing but a sound artistic training independent of the necessary 
practical as well as art work of an utiice can efieet this ; lor how 
w it possible to Imse anything on ignorance, and how can you 
expect good work from men who have never had a good art 
education. The sooner we can have a cvmpul^orv, not a vohtntary 
examinatiim, the better will it be for us, and tbe better for the 
public. We shall not then have the great number of quacks and 
upeeulative builders, usurping the title of architects, and setting 
up buildings here, there, and everywhere, to the detriment of 
pfeasicMiak meut and public taate. Ca rpeategSj 




joiners, auctioneers, and builders will no longer be able to add 
" Architect" to their sign boards and card plates, and the status 
of the profession would be raised in every way, and I hope that 
this Association will not let this matter of education and com- 
pulsory examination fall to the ground, but iriU earnestly con- 
sider what steps can with propriety and advantage be taken 
towards accomphsking this important object. To tbe Builder 
and other profesjiional journals we owe our best thanks tor the 
continual exposure of the present quack and sham systems, and 
I hofie we shall have their assistance in mooting this important 
matter. 

I can only regret that the competition for the prizes offered 
by the Association and by the friends of the Society has been, 
particular ly with regard to tlie essays, exceedingly limited. 
Perhaps the members of the Association ^"ish to show, by their 
not tuning in very much for these matters, that they disbelieve 
in the whole system of competition. Certairdy I sliould not at 
all womler if they did so, for without doubt the present system 
is as bad as it possibly can be, and herein there needs some very 
great retorm. The pages of the Build<^r are continually teem- 
ing with letters and articles about the unfairness of these com- 
petitions, and makhig all due allowance for the rejected addresses, 
there can be no doubt that most competitions in England are 
managed in a ver^^ unfair manner. I make no exception, for no 
greater *;light can be cast on a Ywy large majority of our pro- 
fession than has been done in the selection of competitors for the 
new Palace of Justice, and the new National Gallery com- 
petitions. The ^'ork should have been given to any one 
architect that tlie powers tliat be might have selected, or both 
the competitions should have been thrown open to all English 
architects. When the Government thu^ slights the profession, 
we can hartlly expect other people to think very well of us* In 
most eases, the remedy lies m your hands, for, so long as archi- 
tects will he found ready to send in drawings to people, who 
oiTer perhaps half the proper commission, and to merge the 
premium into that (even supposing you are allowed to carry out 
the works), or else offer premiums barely sufficient to pay for 
the i>aper and strainers on which the designs are nmae and 
mounted, so long will the present degrading system prevail; 
untU architects let the public know that they are not tradesmen, 
and refuse to send in designs, under the too often unfair, unjust, 
and insidting instructions and eonditions, not till then shall we 
be abh* to hope for any reform in this matter, and while under 
the present rMme, some architects are tradesmen, and some 
tradesmen arcnitects, at least according to tlieir self-adopted 
titles, I cannot see that we can hope to cfTect any material change. 
I do not think we can look back to the late comnetitions for tne 
Foreign and War Olhces, and for the late Prince Consort*s 
Memorial, although the former was an open one, with any great 
amount of satisfaction, for, as regards the first, the matter be- 
came after all a question of Ministry, and those to whom the first 
prixes were awarded, became the happy possessors of a sum of 
money about sufficient to cover the eipenses of making the 
designs, but as to carrying out tlie work, it was not given to 
them, and they were left to muse on the vanity of aE earthly 
things, and more especially of Governmental competitions. 

One of the fairest competitions tbat 1 have heard of lately, 
and one from which our Government and committees of all kinda 
may lake a lesson \ wajj tliat for the French Owra House at 
Paris. The competition was thrown open to all the world, at 
least certainly to all Frenchmen, and at\er the drawings were 
sent in (mind not before), a committee wa.s appointed, consisting 
of well-known architects, scientific men, and others, who were 
learned espcLnally m the requirements necessary for such a 
building : nrstly, the members were reduced to about thirty, by 
carefully eliminatijig all those drawings which did not essentially 
and carelully adhere to the conditions made out for the com- 
peting architects : then again the number was reduced to the 
number of the prices offered, namely, //t<?, and the order in wliicU 
these prtJies were awarded waH deternuned l)y the vote of the 
committee ; then these five prize holders were asked to furnish 
new designs, embodying various alterations and improvements, 
which the committee suggested, and they were allowed to alter 
and improve their old plans in any way they thought fit, or to 
make new ones ; a certain sum being awarded to each man for 
this second competition : after this, one design was chosen, agam 
by vote, out of tncJJee, and to the author ot this was entrusted 
the carrying out of the work ; and the proof that the best man 
was chosen, ia that the selected aivhitec t was a compftraityelj 
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joong nmn, M. Gamier, and that Tain design Irnd hot A times beea 
Toted the best ; and it is moreover worthy of notice, as an in- 
■tance of the groat atiperiority of the French art educational 
system over our own, that all the five prizemen in tliis j;^eat 
competition were ''Grand Prix" men. li only the Crovernment 
and the public could be brought to see the immense advantage 
to them of having open competitions such as this, and of award- 
ing fairly and honestly the prizes to the be:it men, then might 
we seo nobler and bi»tt4?r buddings, but while everytiiing is as 
now, more or less managed by int<?re8t and favoritiiim in great 
thing{4 as well as in small ones, we cannot wonder that the result 
is oft times anytliing but satisfactory. To Mr. Beresford Hope, 
and Mr, Tite, the tlianks of the profession are e^poeially 
due for their late endeavours in the House to awaken Par- 
liament to a sense of the great unfairness of their proceedings 
as regards the two large competitions in hand, and we can 
only regret that their exertions did not mcHit with more 
success ; although to them, I think, may be attributed the en- 
largement of the list for btith competitions, 

I think there is much nonsense talked about Gotliic and 
Classic, a vast amount of pedantry of learning put forth, when 
people talk of modem buildings being 13th or 14th century 
botnie, or composite, or Ionic, or Greek, or R4)iimn, generally 
rendered under the terms Gothic and Classic, Why are we to 
design nothing but 13th century churches or houses, or classic 
temples and mitnsions? Shall future gc^nerations speak of our 
art century, as om^ of imitation Got hie pnluces or Classic temples, 
with just such an amount of individuality aa shall have ruiaed 
the 13 th centuryness or Greek tempi en ens of them. For long 
years our art hm heen impelled more by fashion than aught else, 
and just so much as the knowledge of that tashion has been good 
or bad, so have the buildings been good or bad. From the 
time when, at the end of the I6tli centxir3\ real Gothic 
work declined in England, and when, consequent in part 
on the diffusion of learning by means of printing, and the en- 
couragement given to Italian architect!* by Henry the Eighth 
oUssie designs became the fashion of the court; but even then 
our early prejudices cropped up, and clung to the old rather than 
the new style, and ^o forced on in great measure, that confound- 
ing of Classic and Grothic which gave birth to Tudor, Eliza- 
bethan, and Eenaissance. But the architects of that time were 
like the people of two faiths, not quite certain which to follow, 
and so compromised the matter by believing a little in each, and 
in the piebald language of Hudibras, 

" 'Twiis English cut on Grt»ek and Latin 
like fustiaa heretofore ontatin,'' 
And classic forma were plastered over with Gothic, and became 
at onee a diseased fashion, and barbarous mixture, KegoJar 
columns were embroidered all over with ornaments and foliage, 
neither Greek nor Gothic, and frontispieces, favfulcs and chim- 
neys gloried in the attributes of two faiths, and lost all grace, by 
wanting simplicity ; and so, while the pedigree and cognizance 
of each happy founder of a mansion were worked about the 
building in afl the Himsy variety of painted plaster, the grandeur 
and simplicity of either original waslosit. Then came Inigo Jones, 
that marvellousdcsignerof elassicbarns.ami mountebank ujosques, 
who wandered, and drew through Italy, until nought but rigid 
Italian and classic would suit liini ; and good honest cockney 
and citizt?n as ho was, ho left his country's art. to bring into 
fashion by a single stride^ the Greek and Italian palaces and 
mansions ; and the ago which had honoured Holbein, who only 
veuturcd upon a sort of classic inoculation, in great measure 
succumbed to the Greek and Koman lore of Inigo Jones, But, 
alas, for Jones, the purse strings of the nation did not open to 
the splendid ideas of King James and his architect, and "White- 
liall remains to ns now as an instance of architectural tailure in 
those days, and also as a lasting monument of one of the cleverest 
architects England has ever produced. But soon a spirit was 
waxing strong, which set its streng:th against pomp-** of all kind;), 
and alike incensed against Church and State, resolved to rctorm 
the land from the palace to the hut, and the learning and in- 
ventions of the arcnitect, alike mth the art of the sculptor and 
the painter, and the mummery of the mosques were considered 
superfluous and prorane, and the Puritaos regarded Jones with 
anything but favor. These good people preferred, theoretically, 
the dust and ashes of humility in budding, as in all else, rather 
than tlie splendour of architectural magniiicence, and Jones' 
^S'^orr departed. 

Tien camo Chnstophev Wr&iij that marreliioua gentleman 




learned in moat things besides his art, who has shown us what 
love for his work could do, and who has left to England one 
her most magnificent buildings, St. Paul's, which, howev< 
much we may regret that it should be based on foreign le^mioj 
never fads to impress the minds of each and all wntli aiimiratir 
at its charnnnj; unity and magnificent proportion ; and the \ 
who, whde confessedly working out in all his works 
principles of lioman and Greek architecture, has lelt 
St, Paul's and Gret^nwich Hospital, besides the host of church 
scattered everywhere in this great city, was no common ma 
and to him in a measure we owe the fashion of pillars ani 
columns, vast porticos, and domes. 

Then came Vauburgh, Gibbs, Kent, Burlington. Stewart, aod 
Chambers, all more or less following in the footsteps of Jones 
and Wren, but none equal to them. Then that wonderful age 
of mawkish uncertainty, and Butty Langley Gt^thic, tliat age 
plainness and ugHneas, which Gower-street, Wimpole-st 
arid other streets so well exemplify ; untd last came mag] 
revival upon this, and gaudtness and vulgarity, in the slia^H? 
hosts of plastered abominations, recoco ornaments, and sliam ei 
richments, succeeded u^>on what was at least, if plain, unobi 
sive ; and in our day and generation we have to look U] 
street after street of pla,ster commonplace, and line after 
of sham cornices and sham decoration, mitil our city has beooi 
a city of sham and unreality, a city that one year seems prema- 
turely black with age, unid suddenly it bursts out one fine 
morning into all the glory of triennial whitewash, and ahincs 
for a time m borrowed plumes and unreal misery. 

Briefly such has been the history of architecture for the laa^H 
two centuries and a half, and gradually this learned pedantrj^H 
puerile in its very absurdity, inasmuch as it has sought ^9^^ 
teach us that the art of the Eomans was to be the art of a 
nation whose views, thoughts, and feelings, independent of the 
lapse o^ some 14 or 15 ct^nturies, were totally dilferent; and 
although no one can deny the great genius of tile masters, 8U( 
as ScasDOJWci, Jones, Wren, and Chambers, who hare left nob] 
and magnificent works behind them, yet it would be tnsulti 
all tiiste to assert that the style whi A has given to Loi 
miserable monotony and boldness of Gower-street and 
street, or the pale unreahty and commonplace of Bel^ 
Pimlico, and Bays water, and on the aintmeut has been 
father of such tceble monotouies as the Hue de Eivoli, and hii 
in so many places substituted all that is vulgar, unreal, and 
frivolous, tor true and good materials, and given the aquansoeit 
and feebleness of suooessive rows of pdast4?r9, square faolca, aad 
bracketted cornices » for the clustered doorway and tracerf 
window, is aught but a vain and foolish pedantry, ohbnera-li 
in its very falsities, and hideous in its very monotony of c 
if design it be at all. Classic, Italian, Henaissanee, PaU 
or any other title you please to give it, it is still but the 
and bad copy of a copied architecture, and can have no 
upon our hearts, and leaves us with nothing but the 
spectres of other mens' works, and to muse why that fair aad 
lovely work of our forefathers should be forsaken ; knowing as 
we do, that we have now only to follow it up, and with greater 
means and more appliances to adajpt it; as it may be adapted 
either for the town or the country, for the cottage equally with 
the church, for the factory equally witli the mansion ; for man's 
requirements have varied but little, and are amongst th^ things 
that have been and will be again. 

But in the midst of our regrets for the beauty that has 
profaned, there is no need to despond, as if the fountains 
beauty were rescn-ed in heaven, and flowed no more to us 
earth ; no need to be always looking back tUl our heads are we 
ni^h twisted off' our shoulders \ why all our reverence, all 
faith, for the past, as if the night were already come, in whici 
no man can work, as if there were not a long day before us f 
efibrt in the cause of humanity, for progress in the cause 
good p But there has been, and is still much shaking an 
the bones, and our nineteenth century may yet retrieve itsc 
leave at its fall something for future generations to be nr 

Notably amongst house architecture are the new bu 
now being erected in Pimlico and Belgravia, on the Marqu 
Westminster's estate, and their good nonest stone and coh 
brick, and terra cotta decoration, are a vast improvement on th« 
buddings they have replaced. Then again, wander through the 
city wherever you wiE, and you will everywhere see good 
buddings of all kinds gradually taking the place of the old oook* 
monplace structures that have preceded theco. Amflngal tJiiaffr 





N^jrembtfi- 1, ]»80j 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 



319 



are the new auction mart, and tlie Tenetian Gt)thic buildings 
adjoining the same, both by the same architect ; Messrs. Cunlin a 
and other new banks in LombarJ-fstrcet ; the immense piles 
of offices now being erei'tad for the City Offices Company, and 
inniunerable warebonsea springing up in all directions, most of 
them at leaat worthy of attentira for some individuality and 
improTement m artiiiteetural di sign. One more especially* 
that lately erected by Mr. Burj^esi, ui Lower Thame s«stTeet, I 
would name, as eiemplifying bow nmcb can be done, at a small 
exxKinse, in good Gothic work* 1 he new streets now being 
made by the Board of Works are opt^Tiing up or destroying; 
much that was old and ugly, and already in one of these are 
rising up large and magnihcent buildings that bid fair to make 
it one ot the finest streets in London. Whether it would be 
better for ua if we were tied down in a manner* like our neigh- 
bours across the channeh to a certain uniformity of design in 
our new streetij and pulilic places, id a question that has more 
ndea than one. Certainly I think we must admit that the mag- 
nificence of some of the modern boulevards and streets in Paris, 
and other large towns on the continent, is nnieli rnihanced by the 
comparative oneness and uniformity of the buildings, which may ^ 
perhaps, be somewhat monotonuus, but which never lack, in my 
opinion, either refinement or grace in much of their design and 
proportion, and which will jjive to France of our day and time 
an individuality in its aR4iittH'ture, which, I tbar, we shall not, 
or, at all events, have not yet attained to. 

Then again, there U the late Prince Consort's Memorial in 
Hyde Park, the new Foreign and India offices, now fast 
approaching completion, the Ufw theatre in Holbom, and many 
other public and private buildings too numerous to mention 
here. Whether in these great days of public companies, and 
public smaKhes, we are always to be liable to such hideous sights 
&9 that which is prcHentcd by the ruins of the commenced, but 
never finished fetrand Hotel, or the hideous monstrosity of 
Leioejitor- square, is a question I suppose that time only will 
answer. One work espetmLly we »ball some day i)e proua of, I 
mean the Thames Emoankment, and those who live to see it 
and ita accessories completed, will sec the realization of one of 
the most important conceptions of modem times. 

It is somewhat curious to tind that Wren, than whom no 
more grand conceii'erof gmnd things ever lived, hud in his mind 
the idea of something of the kind of work that is now going on ; 
for to quote Allan Cunningham, who says in his life of this great 
man^ that *' he had planned a long and broad wharf or quay by 
the waterside from old London Bridge to the Temple, whero 
he designed to have arranged all the halls belonging to the 
several companies of the city, with proper warehouses for 
mercliants between, to vary the edificei?, and to make it at 
** once one of the most beautiful and useful ranges of structure 
in the world ; '* and now, after the lapse of more than 150 years, 
we are seeing this magnificent worlk actually in progreaa, od a 
scale more grand and more important than Wren could have 
thought of, even in his days of greatest royal fai^our. 

I am glad to say that a great stride is being taken in the im* 
provement of the dwellings for the poor, and tlmnks to Mr. 
Peabody's noble gift, and the indefatigable exertions of such men 
as Mr, Alderman Waterlovv, Mr. Torrens, Mr. George Godwin, 
mud others, large blocks of buildings are being erected in various 
parta of London, replete; ivith every comfort and improvement ; 
and too mucJi importanc<i cannot be attached to such a step as 
this, which, by effecting the external comforts of the poor, by 
iri^ng them better and more healthy homes, is likely to improve 
them moral! v, socially, and int^Qectually, and if manho<m suf- 
frage is to be the order of the day, then ppiy God this im- 
provement may be entirely eflfeeted first. The works of the 
Holbom viaduct are proceeding rapidly under tlie energetic 
superintendence of Mr. Heywood, and when this great work 
and its attendant improvements are completed, I doubt not it 
will prove of immense convenience to the toiling wayfarers in 
this great city. 

The new stations and hott'ls at Charing Cross and Cannon 
street are all steps in the right direction, though perhaps a 
little lesg plaster, and a little iwyr^ reality, might have been good, 
and ero long, I hope, we shaJl be able to compare favourably the 
gigantic terminal stations of our city with those of Paris. 

The new Freemasons' Hall, in Great Queen street, by 
Mr. CoekereU, is certainly one of the most noteworthy of the 
buiJdings of the year, and exemplifies how much can be done by 
Mk educated and reiuied tasti; in daa&ic work, without making it 



a mere copvism ; the symbolic figure carving, and the statuesque 
work, whicn are as good an can be produced, exemplify how much 
a budding is improved by figure subjects. 

iNevr liridgesare spanning the Thames and our streets in all the 
glory of their practical straightliness, 1 suppose railway bridges 
mast be ugly, tlie lines of wrought and cast irou are probauly fallen 
on bad places, for certainly lattice girders and cast iron fronts are 
not the pleasantest things to look upon, and stnught bridgea 
rushing out of high bouses, and interlacing bands of colored iron, 
and t*>iegraph Tjosts pereherl on the top oi* high roofs, like clothes 
props with their attendant lines, are not pleasant features in the 
city lundscjipe, and it seems to me that one of the greatest things 
that the architects of the present tiay can do, is to throw into 
their works something of the asthetie and artistic an well as the 
prnctical element, and he who shall have designod a straight 
railway bridge with some art taste will liave achieved a great art 
success, for it is the ditfieiilt things of design that cull forth the 
genius and skill of the dcHi^ncr. May we hope that the day is 
yet to come, when useful things shall not be ugly things, and 
when even to railway bridges and telegraph po.sts something 
like artistic treatment shall be given ; and let us hope that, 
ere long, our city ro^y cease to be overrun and cut up by mon- 
strous incongruities of design, and gigantic monuments of 
ugliness, such as many of our great engineering works now are. 
But remember, you must have a thorough knowledge of the 
dei^igns of those who have gone before you before you can hope 
to design well yourself ; you must be able to understand the 
faults and beauties of all work, and to appreciate in all styles 
that unity and harmony of parts which theyesscntiaUr possess ; 
for even as until you thoroughly understand the idioms and 
roots of a language you cannot write or speak it well, so must 
you study in arehitectiire, 

'* Twining momoricj of old time, 
With nuw virtues more flublime,'* 
for knowledge, not ignorance, must be the foundation of good 
work, and there is no better way of obtaining this knowledge 
than by continually and perse veringly sketching old work; 
Bteam and rail novv-a-days enable you to wander w*here you 
will, and to make short or long holidays as you please in the 
midst of all that is beautiful and good in arcbit^n'tural work ; 
you need not leave our own country to sketeh, but *kotch, 
sketch, everywhere, and continuall}', and by doing so, you will 
acquire a knowledge of the principles that guided the old 
architects, and a direct training and culture of the eye to appre- 
ciate and understand the grace and beautiful proportion of tneir 
works, and a knowledge of what is right or wrong m architectural 
form and outhne ; always keep a note book in your pocket, and 
never lose an opportimity ot sketching ancient examples. Be 
sure you will tind this a pleasant occupation, as well a^ a useful 
one : not to mention tne having a collection of interesting 
m^ementoa of the places and things you have seen. 

I can but ask you to look around our walls here to-night, to 
BOO one of the most beautiful and interesting series of sketches 
that I have ever beheld^ and to take a lesKon from them of what 
may be done in sketching. Few, if any of us, can hope to excel 
in it, as our Vice-President, Mr. Spiers, to whose sketches I 
am referring, does ; yet we may learn from him and tj-om his 
sketches what may be done by talent, perseverance, and hard 
work. 

In practice you will have to contend with many difficulties, to 
soothe and manage perverse and parsimonious clients, who 
probably an? wanting barn « when you are dreaming of palaces; 
opposing tiiste and obslinacy of a variety of forms and fashions 
will meet you at every step, but you must not give way, for 
remember that you are caOed in to advise as to taste, and oft- 
times to correct and educate it, in fact ; and that you wdl be ft 
hundredlbld more looked up to and respected afterwards, even 
by previously adverse clients, if you carry out your own care- 
fully Ibrmed opinions ; and although I wish not here to raise 
any battle of the styk^s, still 1 would urge upon you to study 
well our old Enghsh work before you go away Irom it to follow 
in the ways of ancient classic examples, remembering alwayn 
that it is endeared to us by the memory of a thousand years, 
aud that the many magnificent cathedrals and churches, and the 
great variety of domestic examples, from the cottage to the 
mansion, all help to show that we arc admirable Goths ; while, 
with a few notable exceptions^St. Paul's, Whitehall, and 
fiomerset House, to wit — the endless excesses of rococo and 
plofitor ttbominatjo ns, in all the miserableaiieiaof their moaototwua 
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unreality and meaningless Tiilgarity, help to teacli ns that we 
can never become gCKnl Greeks or Romans. Study well all 
works of all styles if you will; but be sure that 'what was 
adapted in either style to the requirements of centuries ago, will 
no more be suitable in tliese days than the primitiye garb of 
the Britonst or the fantastic costume of the meoifflralists, for the 
dress of nineteenth centurj-" men and women. 

Learn well your art, think no labour tcM> serere, and no 
knowledge worthless, but remember that if you imitate the 
ancient examples that you have studied, it should be, as Lord 
Aberdeen said, " Not with the timid and sen ilo hand of the 
oopyist, but with a due rt*gard to the chanties of customs and 
manners, to the difference of climate, and the conditions of 
modern society/' 

It is not the details, or eTen the form of the edifice itself, how- 
ever perfect, wbich ought to influence us, ** But we should rather 
strive to possess ouraelrea of the spirit and genius by wbich the 
old buildings were originally planned and direet<'d,ftiid toacqtiire 
tho*»e just principles of ta^t^ •which are cnpable of general appli- 
cMiija." You will recjuire to have an intimate knowledge of the 
necessities and requirements of the buildings you design, 
whether it bo for the large and costly mansion, tne suburban 
villa of the elty nierchnnt, or the frugal cottage or farm home- 
stead. In the restoration of either ecclesiastical or domestic work, 
you will tind a knowledge of arehroology of much service, and 
your study uf aueifut examples most valuable and useful, for 
your knowledge of the di-tail of old work will tell you what U* 
keep and wlmt to alter, wlmt to avoid and what to restore ; and 
it behoves you to bear in mind that the true and honest lover of 
his art will seek diligently in all cases to preserve, and not to 
destroy; to restore tiie old rather than to make the new ; and, 
when called upon to add to ancient work, I believe that you should 
be fettered by no servile ideas of imitating it, but ratficr seek to 
individualize your own work, and, while so designing it that it 
shall not seem incongruous with the general building, but 
harmonize with it in its lines and proportions, yet sliall you 
make it evident and apparent, both for the present a« welf aa 
the future, that it is a oudding and addition of your own day 
and time. 

It is no merely fine figure to say that architecture, like poetry, 
lives for ever ; for how cold and lifeless is all history, in coju- 

Ijarison with that which generation after generation writ^'s in it3 
luildings, and how many pages of doubtlul story miglit well be 
often spared for n few stones piled one upon another. 

Work hard auil honestly, carefully f^eek for the opinions of 
your leUow labourers, and respect them though they ailfcr with 
yours ; remember that they are j>robably arrived at by an equal 
amount of study as (hut which you yourselves Lave had, 
perhaps more, but each man will probably take a different view, 
So sure as you work with all your might and with all your 
power in small things equally as in large ones, you will succeed, 
and gain the goo tl will and esteem of the fpeat majority of 
y<pur fellow men. Steer clear of eliquism, believe not the false 
prophets who seek to fitter design and to keep it in ooe groove ; 
tur so sure as von enter into the narrow circle of any parlicular 
clique, you will become not only artist ically but socially cou- 
tracted^artificial and false in your views of men and things. 
Y'ou wUl hear, also, some absurd nonsense about art-architects, 
as compared with architeets who imd erst and the sur^^ eying 
jxirtiou of their work. Any more absurd pedautrj' or faUa^cy 
than this craii hardly be imagined, for it behoves an arcbitect to 
understand not only bow to design" an art work, but also how to 
carry through all the essentially practical and business parts of 
it. You muKt uudcrstaiid not unly how to design, but also how 
to build ; you must be able to write a specification (*a re fully and 
well, so that it shall explain exactly all that is wanted for the 
construction of any buikbng. In thesi' days, when, particularly 
in large towns, Rtringent laws of light and air and building acta 
hold sway, you will have carefully to protect and watch over 
y*)ur el lent a inkTests, as regards any damage that is likely to 
accrue to him through the erection of neighbouring buildings, 
and to know what liability he will incur by erecting bis own ; 
for, be assured, if you know nothing of this, and only <*all your- 
self an art-architect, you will get very little work, lor no client 
^i-ill employ you unJess you are able to guard him against 
pi'cimiary or other damage in such matters ; and it is not to \w 
suppoavd that be will care to pay any one else to do what I hold 
ii* Hit vHt^entmlly a part of an architect's practice as the mere 
de^fpiing of the bailding. You will require to Wve tlie 



Budding Act at your fi^nger's end, to know the law* and righl 
of light and air' and all the other minutui, which you will find, 
as vou get into practice, are daily coming before you, 

Nowadays the light and air question is becoming a most im- 
portant one, and I think demands the serious consideration of 
the legislature, to make some alteration in the law thereof; for 



directly you attempt to raise even in a very small degree an' 

,1 , m\. ct : ' . 1 - 1 . J 

for damages, or demands for compensation ; and although I 



old bail cling, or to re*erect it to any greater height, you i^H 
probably met on all sides by threats of injunctions, or actio^^ 



admit that it would not be at all fair to seriously damage any of 
your neighbours by really detrimentally obstructing tJieir bg 
and air, yet the absurdly frivolous grounds on which b\iildia 
are .stopped, and injiuietions gained, cannot but seriously afl*j 
the chances of any improvements in large towns, and I theretlo 
hope that, ere long. Grovemment wiU step in with some J 
to lessen what is now becoming a very serious and c' 
evil ; and, indeed, if something be not done to alter, 
the law of light and air, but also to revise and inodify 
Building Act, the improvement and rebuilding of Loudon i 
have to come to a stand.4till. 

Y'ou will find also a knowledge of landscape gan 
use fid, fur every archit^^ct should at least be able to select i 
site which nature has made most appropriate for his bu 
and ot>en he will be able to help nature by a judieioufj 
ledge of what views should be opened up, what trees sho 
felled, where to add water, where to add foliage. Y'ou 
atkpt your building in a measure ao as to be in harmony ' 
the surrounding accessories of ait^s and remember that a go 
building is too often ruined by injudicious selection of positio 
and its inapprupriateness to the scenery which surrouutls it. 

In commencing practice, be sure always of one thing, th 
" a soft answer turneth away wrath," be civil, be courteou* \ 
all you have to meet, and whether in discusaing the merits { 
demerits of your own or other men's works, let all critieiii 
be given with fairness and iudgment ; honesty and iftraigh 
forwardness in everything will gain the esteem of all, oppuneu 
as well as Iriends — -whatever you put your hand to, do it i * 
thy might, make up your mind what is right and fair, and ! 
for your client's interests, and swerve not from it, be honest i 
botn sides, and you will find those under you reii^>ect vou. ai^ 
be content io abide always by your decision, knowing (liat thc^ 
can rely ujion your fairnesi!^, and those above you nill tnu 
you, knowing that you will do them justice. 

A yiHing architect has especial need to be eareful in all that he 
does, and it is better to be known as a just man amongst the manj ~ 
than a sharp man with the few ; we are all bable to mistakt?! 
particularly in early practice, therefore be especially careful ( 
ask and take the advice, if necessary, of those who ha?^ lu 
more experience, but if vou make a mistake, seek not to hide ii 
under tlio stringency or a contract, but honestly txjnfcss it, 
meet it in an equitable manner. 

Learn diligently, and study earnestly, but avoid all 8upef* 
stitious rcvcn^uce for old times and oimiious, or >- '*"Mti( 
adherence to routine, which is only too liable to leu 
op|x>aing aE new discoveries and increased appliances, j. 
the respect of all thinkinj^ people. Kemember that you rau 
always be students, learning always, studying alway*, iookin 
always still furtber for new knowledge, for no profession deinAoa 
more ready command of all knowledge, or clearness of \ 
cc^ption, than your own work ; and work will be chaJ ^ 
interest, and interest to love, and love will les,scn the diti 
and enhance the pleasures of your daily pnjfessional lil 
enable you to overcome all the difficulties that may be*et yoOl 
path. 

*' Nihil difficih amanti.*' 
Let your work, then, be associative aa well as ean 
come the honour and the glory of guiding the li 
mth. you, and of '* leading forth mind al\er mind im* 
with your fancy, and association with your fame." and beyoB 
all this, seek always that it may be said of your work by ih 
generations yet to come, as it has been said of the work of t' 
generations of the past, that it has a ** distinct aud indi^p 
glory, that tlie mighty walls were never niised but 
who loved and aided each otber in their weakncrss ; i 
all the interlacing slTength of vaulted stone had its fomnlati 
ujpon the stronger arches of manly fellowsbip, ami all i 
changing grace of depressed or lit\ed pinnnido owed tt* codca^ 
aud completeness to sweotei sytametneii ij^f kuituui «<mL'' 
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THE HYDEAFLIC LIFT GEATING DOCK.» 

By Edwdj Class, M. Inst., C.E. 

{Oondudid from page 293.) 

Mb. G. p. BrDDKR, Past PredidBntf eaid^ it seamed tb&i this diBCuasion 
bud ariietv to a great extent &om an expression in the Paper whirh was 
litrdlT' consistent with the cont<}Xt. He did not regret that exprcftdon, 
becitiae it had given rise to an interestiiiK diacuawon. The expression 
in the Paper was, that the system descnbed was capable of universal 
applicfltion. The more proper expression, perhaps, might have been 
fiitenaivG application. It was not a system, beautiful and perfect in its 
machinery as it was, which could be applied in every possible case. He 
was designing a dock for the Indus upon a diilt?rent plan, and there were 
Tarious conditions which ought to inBueoco any enginocr before ho 
reoommended its adoption. 

Some ((laspicion had been expressed ih%% the expenditure on tins dock, 
as elated in the Paper, was not altogether boftajidg. That misapprehen- 
aion had evidently arisen from the fact that whereaa the cost of the lift 
was stated in the Paper to have been £88,000, somehow or other the 
capital of the company was very nearly approaching to £200,000. Kow 
both these statements he took to be correct It was undoubtedly the 
fact that thia lift, with seven pontoons, conJd have been erected in the 
Tictoria Docks for the sum stated ■ it was also nndoubtcdly the faet that 
the Company had been involved in an expenditure of about £195,000, 
That expenditure had arisen from the circumstanco that the Com pony 
tad to pay for the land; they had also to pay royalties; and there was 
also the profit and loss. He did not think hi} ought to be called upon to 
pve the details of the figures, because in this Institution it had been 
held that engineers should restrict themselves to the mcL'hanityil depart- 
ment, leaving those who had to apply the machinery t*j do it m the most 
ftdvantageous and economical way they could. Taking, therefore, the 
cottstrnction of ten aorea of dock for the reception of the pontoons, the 
ooet of the land, and the erection of storesj together with profit and k>BS, 
the expenditure would have exceeded the £88^000 stated, by somewhere 
about £100,000. 

-Now, then, he thought it had been explained why there had been such 
a heavy profit and loss account ; and yet, ho was sorry to say, at tliis 
▼ery hour there seemed to bo still some disposition to give credence to 
CTfery idle rumour in rcspc'ct of these works. It was suggested that to 
ftlmost ooy ship that entered the dock some misadventure happened — 
either sibe waa twisted out of shape, or her copper won damaged. But he 
eonfeased he was ampriaed to find it stated, at tliis lato hour, that a 
vessel in the dc>ck was cambered or hogged to the extent of 8 inches or 
9 inches, and that the vessel afterwards became depressed to a corres- 
ponding extent in the opposite direction. He had asked the name of 
the vosseL Ko name was given, but this remarkable circumstance was 
said to have taken place upon one of four days. Those four days hftd 
been investigatedj and it was proved that during two of those days do 
Tes&el was lifted; on one day a little vessel of 120 tons was lifted, and 
on the other a ship of 870 tons was lifted, and he could state on behalf of 
the Dock Company that no complaint had ever been received by them 
in respect of any damage which those ships had sustained in the duck, 
nor, in fact, any others; on the controry, vessel after vessel thot had 
been there before came again to the dock. 

There appeared to have been an impression that the Tictoria Dock 
Company had established this system. Ihey declined it, and it was done 
CDtirely by a private company. What would have been the cost of tliia 
system if the Do<:k Company had adopted it ? The origin of this dock 
was owing to the fact that when the Victoria Docks were being mode, 
he felt very strongly that a graving dock added to those docks would be 
found to be a uaeml auxiliary, and would tend to attract business. He 
accordingly set to work to design n graving dock in the ordinary way. 
He tried wrought iron and cast iron, with brickwork, aod every other 
possible material he could conceive to make a durable work ; and ho 
could not get any one design to work out at less than £60,000 for a d«k 
capable of taking in a vessel 320 ft. or 330 ft, long. It was obvious that 
would not pay. The Dock Company would not undertake it. Then he 
tried all manner of contrivances for floating vessels, and he hit up«)n 
that plan of close pontoons which aceoniplisncd the disaster mentioned 
in connection with tho LondoD Docks. lie saw it had no stability, and 
he confessed himself defeated. It woi then Mr. Clarke took up the 
subject and designed this lift. 

Now, if the Victoria Dock Companv had established it, there would 
hare been no occasion to have bought tlie 24 acres of land ; there would 
hare becm no occasion to have made the dock in the manner in which it 
was made. All they would have had to do would have been to establish 
the dodk during the progress of the works. That lift cost, with the 
machinery, £30,000 at the most But it was to be borne in mind that 
thia was the firnt application of a new inveation ; and he did say that 
the fact of its being so successful, so that there had been no failure 
originaUng from the scheme it&cif f rum that time to this, was moet remark- 
able. The late Mr. llobert Stephenson, who took a great intcTost in 
thifi woFk, pecuniary as well as peiaooal, when discussing it with him, 
eaid, *' Depend upon it, there will be aome sorioua disaster at starting." 

* £«ad li^furo Xhs ItjiiitlUfli'Ti of Civil Engiaeen. 



In the diaeuasicnu this new experiment had been compared with dodn 
binlt on establiahed data and on the experience of years post ; a new 
invention was compared with old and tried works. That was an element 
to be taken in favour of this scheme. If the London or Victoria Dock 
Company had applied it, they would have had tho lift, with all the 
appliances and machinery, for £30,000, and £12,000 more would have 
given them a pontoon capable of supporting aressolof 3,000 tons. They 
would have had a graving dock for £40,000, or thereabouts, and more 
available than a graving dock of tho ordinary form. They need not 
have had the pontoon to have gone oif the lift ; but they would have had 
a perfect graving dock for £40,000, occupying no more space than the 
vessel itself lying in dock. It had been stated that docks bad been 
marie in the beautiful at^juc at Birkenheai for £16,000 or £17,000 each, 
and that similar ones had been made at Falmouth. The cost of other 
kinds of docks at Sunderland and the Tyne had also been given. The 
three docks at Southampton were not made quite so cheaply, having 
cost, inclndinff hnd, £150,000. But, at all events, for a sura of £40,000 
tho Victoria Docks mif?ht have had a perfect graving dock ; for £12,000 
more there might have been two ; and for a total outlay of £76,000, 
three; and nothing applied to tho Victoria Docks could have been so 
useful or ecenomicnl as the lift. But there were situations where there 
was a higher lift of tide, where the soil was more favourable, and where 
tho trade was not of the enormous character of tho Thames, in which he 
thought this system should not bo applied. All that was contended for 
in the Paper, and all that he contended for, was the perfection of the 
the invention as applied in the present instance, and that it was capable 
of extensive, though certainly not universal application. It had been 
stated that four and a half hours were occupied in the entire oi>erationof 
lifting, though the lifting itself was effected in twenty -five minutes. He 
must be excused for saying there was a fallacy in that statement, because 
all tho time the blocks were being put in tlie lift need not be ou;upicd« 
The moment the ship was lifted, the pontoon was floated off, and another 
pontoon could be brought on if necessary. Tho lifl would raise about 
twelve vessels a day. The last time he was there, tho lifting of a vessel 
was just commenced. About two hours after he could see neither 
pontoon nor ship. It appeared that the ship was required to be examined 
by the surveyors of Lloyd's after sustaining an accident, and she was 
lilted, lowered again, and taken away; and the pontoon was ready for 
another ship in two hours, and the ship gone. In the establishment of 
this lift, many of his friends had a pecuniary interest, as well as himsolf. 
But one thing they stipulated for, that they would haye no share what- 
ever in the patent-right of tho invention, because, in the first place, the 
principle of the thing was objectionable, and, in tho next place, being 
engineers, it was not consistent with their position to recommend a thing 
in which they had a personal interest. 

He bnd only one further remark to add : that he looked upon this as 
one of the grcatoat engineering feats of the last twenty yeara. That tho 
systtsm should have been brought so nearly to perfection— worked with 
so much safety on a first cjtperimcnt^was, to hia mind, something mor- 
vclloua; and when it was said it required juilicious management to 
ensure the safety of vessels on the Bft, ho need only etote that upwards 
of a thousand ships had already been lifted with perfect safety, which 
showed, he thought, that the amount of judicious management reqalred 
was nat beyond what could be practically relied on. 

>Ir. Gllua explained that when he stated it took fbtir and a half houra 
to get a vessel on the pontoon, he did not intend to imply that ttroquiitTd 
that time to lift the vessel. He should be glad to hear what was the 
greatest number of vessels lifted in one day. 

Mr. J. Bcott RusseU said ho thought it was the general opinioa thot 
the Author's invention was a very admirable one; that all the mechanloal 
arrangements were excellent ; that the idea was remarkably original, and 
that it had been oanicd out in a most siicccflijful manner; but he thought 
the Author did it somewhat of injustice when he brought it before thcoi^ 
if he considered it was better than any other description of graviag 
dock or floating dock, and that it was betttur than those inclined slips 
which were also used for repairing ships. They were left to draw tho 
inference that all other plans were either very dear or very bad, and 
that the Author's plan was the best for repairing ships. He was of 
opinion that graving docks were in certain circumstaQoes better and 
more economical than the Hydraulic Lift Graving Dock, that fioi^&g 
docks, not of thia description, were in some circumstances more econo- 
mical and more applicable, and that what aro called inclined slips were 
jupejior to the arrangement adopted bvtho Author. Ho should be sorry 
to say that the hydraulic lift was not the beat thing that could have betin 
imrcntod under the special circumstances of the case. 

He would enumerate circumstances in which it appeared to him that 
the plau under discussion did not possess so great merit as it might 
be inferred was attributed to it. 

He submitted that whore there was a good rise and fall of tide, ashtiro 
with deep water close inshore, a soil able to carry the weight of a ship, 
and not hard to work, good hydraulic lime, and boilding material cheap 
and ready at hand, an ordinary graving duck was cheaper in first cost 
and cheaper in working than thu hydiauiic lift. Engineers should con- 
sider well fill such circumataneos before they abandoned tlje graving 
dock. In discussing graving docks as graving docks, th^y should not 
compare a costly granite graving docik witlran oconomtcal arrangement, 
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fu«h as they would mAke for a private builder. In a tidewaj, a dook 
tmhi be easily made. Ho rocolkcted having * dook made for the repair 
of iDQJiIl abipa, desigaed by the owners, to be done at nnill expense. In 
the yard, alongside the Thame^^ a epacc ^as excavated large enough for 

J the aise of ship to be repaired. The bottom of that dock waa grarel ; it 
iras not even lined with timber, and a simple pontoon floated in kept out 
the tide, and that was a graving dock of the simplest character, but of 
the most perfect possible description. Then tbey bad the timber graving 
dock oommon amongst shipbuildcra, and, finally, the dook lined with 
brick and frninite. 

Where they had a gently sloping bank of good solid material shelving 
down continuously into deep water at an angle betwi^ca I in 24 or 1 in 
50, or I in 60, the patent alip^ as it waa colled, appeared to him better 
and cheaper than the hydraulic pontoon dock. In such a place thoy had 
nothing to do but lay down the ways and haul up the ship. If they 
chose simply to haul a ship up a wooden way, well greased, one twenty* 
fourth part of the weight of the ship would overcome the friction of the 
ways. If they put the vessel upon rails, he need not say that one^fiftieth 
of the weight of the ship would overcome the resistance of the ways; 
and if the slope was up to 1 in 12, which was not tbo usual form of sHp, 

, B system of slips and carriages had been used, by which the §bip was 

I raised broadside out of the water All theae werearrangeraentB of which 
th^y had had ample experience, and when he told them that eaoh of these 
jima of slips might be constructed to bring up a vessel of 3.000 tons at 
■n expense in the way of capital of £2 per too of the ship, it would bo 

[ aeen that that also was a very economical arrangement. With regard to 

' a graving dock, it would cost a great deal more : it might cost £5 per ton 
of the ship which it took in. 

The last arrangement of which they bad the choice, independently of 
the Author, was the ordinary floating dock, and the question was raised, 
in what oiroumstanoes was the ordinary floating dock better than that 
under discussion ? There was one point in common with the Hydraulic 
Lift Graving Dock and the ordinary floating dock, and it consisted in 
the comparatively small depth and great breadth of the pontoon ; in the 
Author's he believed it was 6 ft. deep by GOU. wide and 300 fl. long. 
The difference between this and some other floating docks, consisted not 
in this apparatus by which the »hip was carried, but in the machinery 
which raided and Joworcd her. The Author sank a senca of cylinders, 
each containing a hydraulic ram, and the presses were connected with a 
platform, and by a steam engine and hydraulic apparatus, the platform 
was gradually lowered down into the water. Alter the platform was 
sunk under the water, no more force was necessary to lower and raise it, 
and therefore the machinery was simple, and had tho least possible 
friction ; but the moment ho placed a vessel on the top of the pontoons, 
the cost and labour of raising up the ship out of the water was incurred, 
and for this purpose it waa supported in various ingenious ways, which 
had been explained. In tho ordinary floating dock, instead of the 
hydraulic apparatus being fastened to tho ground, it was put on the top 
of the pontoon in the shape of a long parallel caisson of the same nature 
as that on which the ship floated. Then by admitting water into tho 
longitudinal caissons, tho pontoon was sunk below the vessel ; the water 
was a^ain pumped out of the longitudinnl caissons, and the vessel was 
gradually raised. AH that was neeessary beyond this was to pump as 
much water out of the pontoon as waa equal to the weight of tho ship 
raised abo^'e the water. In a plan previoualy explained, instead of those 
pontoons being Ulled with water, the plaltprra had been lowered by 
•crews, and a varifty of inventions hod been used for lowering the plat- 
form and for raising it. 

As regarded the Hydraulic Lift Graving Dock and the ordinary float- 
ing dock, the circumatiincea of position were, in his opinion, of more 
importaneo than the mechanical arrangement. For eiamplc, where 
aballow water waa abundant, where an extensive area of sheltered water 
existed, whore there were no tides, and where foundations were met 
with at no great depth under the wattr, the Autbor'a invention waa most 
appb'cablc. But where a rocky coral «boro existed, as at Uermuda, or a 
bad foundation and great depth of water, then the ordinary floating dock 
wa;3 the best arrangement, and for such a positiriQ the Author's was not 
ft good arrangement. The former condition, favourable to the Author's 
arrangement, existed in the Victoria Dt>cks. He urged tbat by far tho 
most valuable part of iho hydraulic lift, on which he placed great weight, 
even more than the Author tiniself did, consisted in the muliitude of 
ships which could be floated in shallow water at comparatively small 
expense The Author took, as it were, a single dock with its apparatus, 
and by this single dock and apparatus he had incurred tho greater part 
of the expense and outlay ; for, by a simple method of detaehmg from 
this fixed apparatus the floating pontoon, he was able to multiply its 
useful ncis, and to employ tho aame area for a great many ships, oil of 
which had been liited by the same apparatus. Therefore, the toUowing 
were the special circnmslancea under which the invention might h& 
exeUsivdy and profitably used— where there was protected and deep 
wattr to form the dock, where there was not much rise and fall of tide, 
and where it was required occasionally to put into repair at the aania 
time a largo number of vessels in comparatively shallow water. There 

k^it would be most useful, and better than any other mode he had described 

llir with which he wa!s acquainted. 

Ji>. Edwin Clarke said^ before he replied to the Tftrious questions, he 



begged to thank the Institution for the time which had been devoted to 
the discussion, and for the kind manner in which his Paper hud been 
treated by all who had taken part in it. He waa glad to find that, 
although he had pointed out no leas than nine featuros in which this 
kind of dock possessed adtantages over otbsn, jot tho principal point 
which had excited diacusaion bad been the question of cost. 

With respect to the cost of these docks, some confusion had arisen, 
from the manner in which the subject had been treated. Throughoui 
the discussion a dock had been spoken of as costing so much mon^, 
•without regarding tho dimensions of the dock. It would he aa deflnit« 
to speak of a ship coating a certain sum^ without regard to her tixe, ke^ 
It had been assumed that tho dock he had made at the Victoria Dock 
waa of a standard size, and that its cost was to be taken as the price 
such docks in pneral, and the whole discussion had been based on 
assumption. It was stated that several docks at Birkenhead had 1 
constructed at extremely low prices, in whieh respect those docks apfi 
to contrast very favourably with the lift. In other exampU^ au 
those at Southampton and Bow Creek, the advantage of the li^ 
respect to economy was frankly admitted. Now, Birkenha 

a locality purely exceptional. The site possessed all thoae 

advantage which had bfen described as peculiarly favourable fc^ i 
ordinary dock. The sandstone was easy to cut and work ; it was fn 
ikim flssurea, and the stone itself, when cut out, was a valuable build^ 
material ; and in the excavation of a dock in such a situation, it waa 
valuable that he could scarcely understand why the dock should cost 
much as waa stated, because the quarrying ought to be sufhcient to payl 
for it. Buch a dook was not a fair subject for comparison with this lilCJ 
It had, indeed) been slated that this lift had been erected in the Tit toria 
Docks under circumitances o^ering some peculiar facilities, lie 
anxious to disabuse the minds of the Members from any idea of the kind*] 
He had had the pleasure of designing eighteen or twenty docks 
various situations, and he might say, of aU the number thero waa i 
situation which presented the difficulties which he eneouutered at thai 
Yictoria Docks. He could hardly conceive a situation of greater dif-l 
Acuity. In the flrst place, it adjoined a deep dock full of shipping'yl 
where it was of the utmost importance that the water should be kep(| 
from running away* Nevertheless, he had to make an entrance into that | 
dock, and for that purpose to construct a costly coflbrdam. Then an i 
excavation was required for tho lift^pit, and that in a bad soil expessiva 
to work. The whole of the laud was, besides, of a costly charact&r, and 
the aurrouuding competition of more than eighty other docks had to be 
contended with. Amongst all the other docks he had designed* ha bod^^H 
not met with a situation whore the facilities were not much groitfr^l 
than at the Victoria Oocka. Hydraulic Lift Docks, as a rule, ought to < 
require little or no excavation. The principal feature was, that wheit^ 
ever he could flx a cast-iron column, there he could make his dook. la 
many attuations, as at Yanoouver, Barcelona, and Marseilles^ there was 
DO oxcavation. Having obtained a spot with sufficient depth of water, 
tho sinking of Uiq columns waa the only workt to be done. Ho wished, 
therefore, to correct the impression as to there being any advantiges in 
the site at the Yictoria Docks, and if this dock could compete with others 
in the Thames, he was quite sure it could do so elaowhere. 

Two or three queations had been aslced, to which he wished now to ' 
reply. First, aa to how ships could be lengthened on the pontoons m 
this dock, and how other works of that class oould be carried out. AWk, 
what was the cost of the manipulation of such docks ; and, further, 
whether the vessels were not inaccessible on account of their being on a 
level with the floor of the workshop ? With regard to tho last point, be 
apprehended the obj' ct of lifting a vessel out of the water was to get 
acceas not to the iimde but to the outside, and for that purpose he could 
not conceive anything belter than bringing the vesael on tho level of the 
floor of tho workshop, instead of having to go down stone stepa to it 
Un the other band,, when ahipa were built, it was done on a level with 
the building yard - and as to the tilting of iron plates and other w^ighta^ 
hia experience showed that no groat amount of that kind of work was 
required in doek, the work to bo dune being generally painting, co^tpca-- 
ing, or partial repaii-s to the buU or keel, &o. As to putting in botksi^ 
no one would think of doing that whDe a vessel was either in a itooo 
dry dock or in this dock, as a crane could scarcely reaeh over tO Ibtt of 
dock ; but it was eifceted with shears alongside the wharf in a deep^watar 
doek. On the second point, as to the cost of manipulation, he had staled 
that the average had been £3 per tcin upon the 1,0^0 ships thai had bem 
lilted, as against £13 at the docks at Southampton with 700 ships, 
akhuugh, doubtless, n larger class of vessels was docked at Southamptt>n 
than in this dock. Ho had no means of knowing what the cost was it 
Birkenhead Uocks. With reaped to how far it was poasibk to effect on 
a pontoon such an operation aa that of lengthening a ship, the way in 
which it was done was this. The shallow dock had a level bottom, 
and by running the water out of the shallow dock, the pontoon wn 
brought down and grounded upon the floor of the dock. Then Utere wie 
a platform of timber 350 ft. long, or more, and 60 ft. wide, perfectly tme^ 
to enable a shipbuilder to judge of hia lines; and no belter lituitioo 
oould be conceived, either for cutting a ship in two and lengthening lur 
in the middle, or for building a ship outright ; and he bebeved thaafrtSD 
would come into general use for shipbuilding. The aoddent that hud 
just occurred to the " I^orthumberland " oould not haro happeaad if like 
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liftd beed lowered on a pontoon instead of hj the ordinary way of launcli* 
ing^ ; and the American Oovemment attaolied so mucb importance to tbat 
plan that ibcy adopted it fur Uuncbing tbeir yeaseU; and ho was sure 
h© interest upon the coat of the pontoon woulJ be far lew than the 
enditure incurred in the preparation of the present launching ways, 
rith 80 much timber cut to waste^ not to apeak of the riak that muat 
attend the launching of veaseU of auch great weight. Then, a>^in, by 
the uae of pontoonsi the number of places whero ahipa could bo built 
was multiplied. Any of the Surrey timber ponds in which the pontoons 
would floatf might be used for the building of the largeat ships, and in 
ho launching a small lift only would be required. To launch the 
■Northumberland/' a 100 t-ton lift would he aufficknt. 
With respect to the general request that he would point out the dif- 
' nnw between the system of ramng with hydraulic pf wcr and that of 
Bjjly cmptyiDg the pontoon of water, ho would occupy a few minutes 
in earplaininpr clearly, he hoped, the tliffbrcnce between the two. With 
any flootin^ bodv* such as an ordinary pontsonf the stability depended 
upon the fact tiiat some portion was out of waterj and any change of 
poaition produ(rcd extra immersion or emersion in that part ; but when 
i body was entirely submerged, no change of position could produce any 
"tferenoe in that respect, and a submerged body had consequently no 
ability ; walking fh)ai one side to the other would tUt a submergod 
ontoon, unless it was forcibly maintained in a horizontal position. One 
^ the plans suggested was the purnllod motion, which had been tried at 
I London Docks, the rods being attached to the pontoon and to the 
ottom of the dock by east-iron piles driven into the ground, the object 
•«f which was to maintain the horisontality of the ship. This plan 
failed ; the strain on those rodff, whieb variea as the tangent of the nngle 
made with the TcrticaL, becoming very great as the water closed, and 
ultimately infinite. Henco the cause oi the accident : iho rods broke 
and went through the bottom of the Teasel; the water could not be 
pumped out ; and in subsequently trying to force in air, the deck woa 
olown out. The other systtra usually adopted for rendering the position 
Stable was to make the aides hollow, and of sufficient height to remain 
prarUy out of water. The sides were towers, 40 feet high. In those 
towers were placed hollow boxes, which by means of screws, or chains, 
or some other contrivance, could be raised or lowered. The consequence 
was, as these boxes were zilways on the surface of the water, this pontoon 
oould bo lowered, and the stability maintainedi ^^ ^oi^S ^ ^^^^ cboina 
were lengthened to the same amount and at the same time. In that way 
the stability was maintained in the American Canal Dock. Sometimes 
this was done in the form of a largo chamber, which had to bo filled with 
water. In all these cases, a great dilFyi-ence would be observed between 
this pontoon and hif own. The pontoon he used was perfectly open : it 
▼aa never subjected to a greater strain than a pressure equal to tho 
draught of water which it drew ; and, drawing 6 ft. of water, the greatest 
pressure was a column of water 6 ft. in depth. Tho pontoon was conse- 
quently light and inexpensive; hut in lifting with a submerged pontoon, 
it must be sunk 28 ft. or ;J0 ft. deep in the water, and, therefore, being 
sabjet'ted to a proportionate pressure, the quantity of iron required to 
ctrengthcn it and to form tho deck, made it a more costly thing than tho 
whole of the presses and pumps put together. Then, in addition, the 
manipulation of a large number of these boxes required a large staJBT of 
assistants. If a yesiel were 300 ft. long, with eighteen boxes, about 
fOTij men would be required to work them uniformly. It was a difScult 
engineering operation, requiring much skill and management, and, after 
all, it was only one dock ; but with his plan, twenty pontoons might be 
worked by a single lift, with six men. 

He did not say that his dock was of universal application ; ho agreed 
that there were many clrcumstanecs in which docks of another descrip- 
tion were better. There were roany coses in which a slip would be 
better than bis dock, or any other dock, and there were othet cases where 
a Btooo dock would be better than this lift ; but still it was capable of 
Tery general application. The principal difficulty was in respect of the 
cost of the iron columns, where the water was too deep ; and to meet 
mioh cases, Mr. Walker bad suggested the plan of putting tho presses 
themselves in pontoons. But where the water was of proper depth, 
there were few cases in which a dock of this kind would not be far more 
eoonomical than an ordinary stono dock. 

With respect to the stiffness of pontoons, ho wished to itate that in 
advocating a partially elastic pontoon be was giving the result of practice. 
He had stated tbat^ from tho experience of more than a thousand ships, 
an elastic ptantoon was best, and produced no strain; but if a ri^id 
pontoon was wished lor, there was nothing to prevent the sides being 
made 40 ft. high, and any amount of rigidity might be obtained* If a 
captain wanted to beach his vessel, he always preferred to do bo on a soft 
pla06 ; but tbat was a matter of judgment. 

A great deal had been said with regard to the commercial faDure of 
(hia undertaking. He did not think he was called upon to enter into 
that subject, nor did ho think it concerned bim. An engineer might 
cKmatnict a superior quartz -crushing machine, but it might be sent to a 
bad gold mine. If proper use was not made of the hydraulio lift maohine 
he was sorry for it. 

To retam to the subject of cost, ha wished to put tho matter in a 
ahnple form. The cost of lift, engine, pumps, and all complete and tixed, 
would not exceed £10 per ton upon tho weight to be raised — his cost £7 
|»or tozu Tie co«t of the pontoon might be taken at £^ per ton upon Jbd 



weight to be floated. The cost, therefore, of a lift for vesaels of 1,000 
tons would be £tO,000 ; and the cost of six pontoons of from 500 tons 
burthen to 1,000 tons burthen, would be £22,500. Thus six docks wen 
rcspcotively completed for £32,500, allowing a good margin of profit to 
the manufacturers. That waa in the case of a lift not requiring more than 
ordinary excavation. If a great amount of excavation in difficult ground 
was required, as in the Victoria Docks, of course it increased the oost. 
If it were done at a place like Bi^rkenhead, whero tho value of the stone 
was more than the cost of excavation, he imagined there must be great 
economy of cost. 

Mr, Abernethy remarked that the Author had omitted comparison with 
the two docks at Falmouth, which were lined with granite throughout, 
and only cost £29,000. 

Mr. Clarke said that in his illustration there were six docks adaptahb 
to almost any altttatlon, and capable of indefinite extension by adding to 
the number of pontoons. The machinery was simple and durable in all 
ita ports. In comparison with ordinary floating docks, the whole of the 
work was perfectly accessible, especially with regard to the painting of 
the iron work, as there were no closed chambers, and the pontoon was 
raised out of the water in every operation. The rapidity with whioh 
this description of dock could he constructed was another important 
feature. The dock at Corthagena, of which tho model was exhibited, 
was stated to have been commenced in tho year 1861 ■ and now, in 1866, 
Mr. Etiunie had been good enough to promise a descriptive paper whia 
that dock was completed. It did not tako more than a year at farthest 
to put tip the lift, and a stone dock certainly could not be built any- 
where in that time. He did not know what the cost of the dock at Car- 
thagena would be, but he woa told it would be about £200,000. 



ON THE DECAY OF MATERI.ILS IX TROPICAL 
CLIMATES, AND THE METHODS EMPLOYED FOE 
AERESTLXG AKD PEEVENTrnG IT* 

Br William Jkrht Walkeb Heath, Assoc. Inat, CE. 

It is proposed in tUia Piiper to alludo to those materials which 
are most nmd m the conjsi traction of pennaueiit bjaildings, and 
sueb as have come under the immediate notice m the Author, 
during a residence in Ceylon extending over n period of seven 
years. 

The habitations of the lower class of natives are eonstnicted 
of a rnde fniraework of stout barabooa. the sides and roof formed 
of reeds, nnd dosed in \^Hth the intei-woven leaves of the coeoa- 
nat palm (Cadjans), laid on after the manner of weather-boarding, 
and seeurrd to the reeds bj pieces of eoir-string, formed of tho 
twisted ibres of the husk of the cocoa-nut. In the ordinary 
course, the e^jans require renewing every year ; but these 
leaves may be made to last two or evt-n three years by washing 
them over with the slimy juice of the * bellie ' (a native fruit), 
wliich when dry resembles eopal varnish, and acts, to a consider- 
able extcutt as a preservative ajjainst the weatlier. 

The framework of the huts, built of * wattle and dab/ is made 
of roughly-squared jungle trees, morticed and tenoned with some 
c^ire, and secured by trenails. Small twigs are tied with coir, m 
parallel rows, vertical!}'^ and horizontally, both on the umer and 
tho outer aides of the framing. The space between is filled with 
clay and Jiand, well kneaded, and, when nearly dry, both the 
inside and the outside of the hut are covered with" flie same 
mnteriaL It is llien plastered over with earth, which has been 
throwia up by wliite ants, after being mijted with a powerful 
binding substance (produced by the ants themselves), and 
throngn wliich the rain and moisture cannot penetrate. This 
Trill hold tho walls together, ^\'hen the ejitire framework and the 
wattles have been eaten, or have bect:)me decayed. 

The material of which the walls of the superior houses and 
other budilinj^s is built is called ' eabook,* a soft kind of rock, 
found in most parts of Ceylon, at a few feet below the surface 
of the ground. A large square pit ij excavated, aud the eabook 
laid bare, when it is quarried, l»y means of a pickaxe, into blocks 
of a convenient size ior transport, or of the size which will best 
suit the building for which it is intended. Cabook hai tho 
appearance of a coarse sponge, the material of the sponge 
resembling red iron ore, and the interstices being filled with 
poft clay of a yellowish or brown colour. The block should ho 
erposed to the rain before being used, so as to allow some of 
the clay to hn washed out, as then a better face for the mortar 
to adhere to is formed- Buildings of cabook require protection 
from the weather, but if covered with a ihin coating of lini«' 
plaster, they will stand for many years. When removing some 

* Re»A hQian ihn lutititotioa of CiriJ Eogiaeera. 
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old Dutch buildings, the cabook did not appear to have 
deteriorated in quality. 

Hard kinds of stone are not mnch used for buildings, on 
account of the ex]>cnso of working. Hubble masonry is some- 
times employed, but it is not approved, owing to the difficulty of 
obtaining even beds and good bond. The cathedral church of 
St. Thomas, near Colombo, is an instance of the successful 
adoption of rubble masonry. It has now been built upwards of 
ten years, and is in a good state of preservation, having the 
appearance of having been recently built. 

Bricks are so badly bunit, and the clay is so badly pugged, 
that brickwork will often, after a shower of rain, scarcely bear 
the least weigjht without crushing. Althougli used in some 
instances with its surface exposed to the influence of the weather, 
it will undoubtetlly exist for a much longer time, if well 
plastered with lime-mortar. Two or three coats of boiled linseed- 
oil will preserve brickwork without hiding it, but the expense 
prevents its general adoption. A coating of coal tar, applied 
when the day is fine, and the brickwork dry and hot, is also a 
good preser\'ative : but it cannot, on account of its unsightly 
appearance, be often employed. Brickwork in exposed situations 
and unprotected will perish very rapidly. The softer bricks 
will be hollowed out, leaving the mortar joints projecting; and 
in damp places the bricks will in less than a month be covered 
with lichens. 

The lime generally used is made by calcining white coral, of 
which there is an abundant supply on the coast, easily obtained. 
Timber is the fuel used in converting it. Tlie lime comes from 
the kiln in a fine white powder, and is in that state ready for 
immediate use, by mixing it with twice its own bulk of sand and 
water; but it sets so rapidly, that the bricks have to be kept 
quite wet, and water has to be continually added, to prevent its 
setting before the bricks are truly placed. In the Public Works 
Department, the lime is placed in a tank, and kept under water 
for two days before being used ; this makes it longer in setting, 
but it is more^asily worked, and eventually makes better work. 
In fact, by the first plan it oft:en simply dries, and is very friable ; 
but in the latter case it sets equal to the best blue lias lime. In 
using this coral lime for plastering, it is better not to slack it 
for two days, as mentioned, it then presents a harder face, and 
will bear a high polish, almost like white marble. A short time 
ago the exterior of public buildings was painted, but this practice 
has been discontinued, as it answered no good end, and, after a 
few months, generally presented a bad appearance. 

Timber, well seasoned, and built so as to have free ventilation, 
will, if white ants be kept away, endure for many years, though 
not for so long a time as in England. The best wood for general 
use is Moulraein teak. It begins to fail in about twenty-five 
years, but the decay is very slow, for after a hundred years, it is 
still in tolerably good condition. It would appear tliat wood- 
work lasts longest when no precautions are taken to preserve it. 
In exposed situations, and where it is subject to the attacks of 
the white ant, it is best preserved by a dressing of Stockholm 
tar, which is easily applied, and whicn, owing to the heat, is so 
limp as to insinuate itself into all small sun-cracks or fissures. 
Several substances, such as corrosive sublimate, have been used 
with success ; but the cost precludes their use, except in cases 
where a second coating of tar cannot be easily ap])lica. In sea- 
water, timber is speedily attacked by worms. The piles of the 
jetties in Colombo Harbour, which are mostly of satinwood, and 
about 14 inches in diameter, are so pierced in the course of 
twelve months as to require renewal. Tliere is also a very 
small worm in the fresh-water lakes and canals, which infests 
the bottoms of boats, &c., notwithstanding the timber may 
be painted, oiled, or tarred. Creosoted timber is not attacked 
by white ants, but the black coating, if exposed, renders 
it so heat-absorbing that it is apt to split, and, unless 
thoroughly impregnated with the creosote, a road is opened to 
the inside, and the ants will soon destroy all that part which is 
improtected. Timber near the sea does not warp or split so 
much as when removed inland ; the changes from wet to dry 
not being so sudden in the former situation. 

Iron exposed to the influence of the varying weather, speedily 
oxidizes, but not to so great an extent in the same time as in 
JEngland. Paiutinjr, if applied at home, will for a time preserve 
it ; but if applied m Ceylon it is not so effectual. Oil applied 
hot is a good i)reventative ; but when applied cold, or m tlie 
same vfny as paint, it is of little avail, because the iron oxidises 
under the paint or oil. Coal tar is by far the best covering, 



applied either cold or hot, before or even after oxidizing has 
commenced. In the first condition it prevents, and in the latter 
arrests, nearly all tendency to rust. Tlie heat, which contracts 
oil or paint, causing minute fissures tliat admit moisture, in the 
case of tar has the effect of causing any small parts not proijerly 
covered in the operation of tarrmg to be flushed over with a 
thin coating. Tlie most valuable timber in Ceylon is quickly 
decayed by contact with unprepared iron ; so that screw-nails or 
spikes, unless well greased or tiarred, may in an incredibly short 
time be easily dra^n out, the wood surrounding them being 
quite rotten. 

Ordinary galvanized sheet-iron does not last many years, 
except it be protected with good red-lead paint, frequently 
renewed. 

Lead-piping that has been four years in the island is still 
nearly as bright as when the pipes were first drawn. Brass 
oxidizes, and becomes very brittle, in a much shorter time than 
in England. Lacquer is the only preventive applied for the 
first defect, and for the second, the brass is heated nearly to a 
red heat, and then dipptjd in eold water. Zinc is a most durable 
material ; it will last ror numy vears with little or no apparent 
decay. Glass exfoliates in a short time. It requires constant 
care to preserve the lenses of optical instruments. TripoU 
powder on the hand will remove the exfoliation. 

Paper is easily affected by the moisture of the atmosphere. 
It loses its size, the surface becomes rough, and in a short time 
is so absorbent as to render it impossible either to write or to 
draw upon it. It requires to be kept in air-tight cases, and only 
so mucii of it should be exposed as may be required for inmie- 
diate use. Leather, unless well * dubinged,* becomes so brittle, 
as to break short off* like a piece of wood. Giitta-pcrcha, in 
about twelve months, is so brittle as to break like glass, but 
more easily ; and after about three years, it may be reduced to 
a powder in a mortar. Occasional immersions in hot water will 
arrest this decay, but articles the shape of which would suffer by 
the heat must be left to their fate. 



Mr. Bbbklvt remarked that be had sent out to Bombay both creototed 
and kyanised sleepers ; natiye jungle-wood had also been used. He 
regretted ho could not give the details of the results of these several experi- 
ments. He could, however, state this general fact, which was of much 
practical value : the resident engineer of the Great Indian Peninsula Rail- 
way, after an experience of thirteen years in India, was now replacing 
large numbers of sleepers which had failed with teak a^d iron sleepen. 
Attempts were made in the first instance to preserve the native wood by 
the usual processes ; but, he believed in consequence of the wood being 
80 hard and close-grained, it was impossible to impregnate it sufficiently 
with the preservative material. 

Keys were a matter of considerable difficulty in warm and variable 
climates. It had been reported to him that the wooden keys (which 
were, he feared, perhaps not made with the utmost care) dropped out in 
great numbers, and he was now giving his attention to the introduction 
of some other kind of key, which would answer the purpoee better than 
the wooden ones. 

With respect to the preservation of iron, the result of his experience 
was, that whether for rails or bridge- work, iron should be thoroughly 
cleaned and dried by heat, and be then dipped into hot Unseed oil. In 
the first instance, iron-work was sent out to Bombay not bo treated, and 
the oxidation was excessive ; but since that plan had been adopted the 
oxidation was prevented, aud the rails and other ironwork remained in a 
perfect state. 

On the subject of rolling stock, it was stated in Mr. Mann's paper* that 
the carriages on the Great Indian Peninsula Railway, were sent out with 
teak panels. If that were so, it was at a very early period, and before 
he had much voice in the matter. For some years past the carriages had 
been sent out with '* papier mache *' panels ; but, notwithstanding hb 
own opinion that it was the best material for the purpose, the looomotive 
superintendent, who ought to know better than himself, had expressed a 
desire that the panels should be of teak, and not of ** papier m&ch£." 

Mr. Hawkshaw, Past -President, said he had spent three years of his 
early life in a tropical climate, close to the equator, and had some expe- 
rience with regard to what timber would do in a country which 
Humboldt declared to be the hottest part of the world. He had also had 
many years' experience of Indian and of foreign railways, and of the 
duration of the rolling stock, sleepers, and iron-woric sent out to those 
countries. 

He would say with regard to timber generally, that, being an organic 
substance, it was impossible for any one to predicate what it would 
sustain under the varying circumstances in which it waa emploved in 
those countries, or, indeed, elsewhere. For instanoe, he had known 

• See ante-psge 299. 
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yellow pine, whioht ftocording to the statements of joineri, was not a 
good vcx)d, but ia railway alee|>eTB for twenty*five years, and at ike ond 
of tbat period it was as tound aa any of the fipeciinenfl that had heon 
exhibited. But in other oasea yellow pine had decayed in five or aii 
jean. Beding with timber waa something like dealing with the human 
conititntion 2 it waa impoaaibla to tell what or how many incipient seedi 
of decay it might contain. 

He waa acquainted with 8ome of the woods exhibited. He had seen 
aoine ot theae hard woods which ^ under certain oirouniiitanccai had lasted 
as long as the piles from the Recife jetty ; under other circumstanoes, 
&om causes which he could not explain, the same deecriptions of wood 
bad gone to decay after a Tcry ebort period. Among: the large massea of 
timbt^r tbat were required in ihe construction of railways in tropical 
olimatea, if natire timber were, used, it was bought without knowledgo, 
cf the soil in which it waa grown, or at what period of the year it was 
cmt Of couTBe, every possible precaution ought to be taken in the 
■election of the wood, but it was one of those eubjocts on which it waa 
not safe to draw such large general oonclunona oa had been done in Mr. 
Hann'» paper. 

With regard to the question of fdeepera, whether half round uj square, 
he could not understand on what principle the former should be more 
durable than the latter. 

Mr. Mann said, the half-round sleepers were more durable than those 
of the square foim, because^ indepi'ndently of the half-round shape 
allowing of better drainage, the wood used was of a closer grain than 
the Eiquare slecpfrs. 

Mr. Hawks HA w» Past' President, observed, with respect to the pre- 
serration of iron-work, that he could not agree with the 8upge»tion tbat 
galvanizing should be substituted fur every other process, lie had uaBd 
galvanized iron, and, he was willing to oonfesa, in Bome cases unfor- 
tunately, and, therefore, be had the less hesitation in stating his opinion 
of it. He had put up roofs of galvanized iron, and found them decay 
more quickly than other roofa ; in fact, if to that material acid were 
applied, and carbon, as was easily done in smoky Mtuationa, it was con- 
verted into a good galvanic battery. Boofs in towna were destroyed in 
that way. In addition to thi&, the process of galvanizing rendered the 
iron brittle ; therefore he did not recommend thai iron about to be sent 
to India should always be subjected to that process in preference tooiliiig 
and painting. The other suggesiions were very proper. The iron should 
bo well cleaned and dried before pain ti tig, for if wi t or nitited iron waa 
oorered with any kind of coating, oxidation was certain to take place. 
Ko doubt, in tropical climates, tliere was a difficulty in m.iking durable 
works, either of iron or wood. He had tried almost every material for 
sleef^era, native woods, and woods of this country, and Baltic timber 
oreosoted and not oieosoted, and he confessed he had not derived much 
better results from one than from another; and he had been driven to 
the conclusion tbat in the tropics iron was pretty nearly the only thing 
that could be employed for sleepers with anything like oerlainty as to 
the results. He ouite agreed in the opinion that iron made a very rigid 
permanent way. liigid ways were not liked in this country, but sheer 
necessity bmught him to the conclusion that a durable road could not be 
made in tropical climates, except by the Ui!e of iron. Iron sleepers, he 
believed, had been rejected by many engineers. He believed he waa 
the first to use the iron-pot aleepers in England, and he found them 
rigid ond did not like them ; but nrcessity had obliged him to use them 

tropical climates; and he was afraid, notwithstanding idl the care in 

iectmg native woods, creosoting foreign woods, and taking every other 
precaution, it would be necessary to use iron vtry extensively in tropical 
climates. When in Egypt, be saw the line constniuted by the late Mr. 
Robert Stephenson with Greavps* cast-iron pot sleepers, which, after 
greot consideration, Mr. Stephenson adopted as the best compromise he 
could make. Those sleepers bad been laid, he bi^lieved, more than ten 
years, and the line was a good and subtstantial one, and the sleepers 
Blood well. Iron sleepers broke only when not made sti-ong enough; 
but it would be easy to make iron slwpers that wttuld not break ; and 
where the speed was not required to bo moTP than 26 miles or 30 miles 
per hour, he saw no reason why iron sleepers should not be used. 
Whethr*!, ultimately, a better material would be discovered, he could not 
tell. Wilb regard to the laminating of the rails, be could not sec what 
the temperiturc of the climate had to do with it. Whether the tempera- 
lore were 100^ or 60^, could make little di Terence; nor did he think that 
fbe Wttof steel oould be more beneficial or necessary in a tropical climate 
tliui in this country. Steel was better than iron anywhere ; but there 
wr^ "^ '-^-rtn why it should be u»e<l in the tropics more than here. 

ftubjeet there appeared to be a singular confusion of ideaa. 
7 ii: atatiment, and similar opinions had been cxpreaaed upon 

other occasions, that the cross girders should re^t upon, and not be sus- 
pended from a main girder ; but the fact waa, that cross girders which 
were said lo nest were suspendod. It did not seem to be understood that 
when a cross girder wati made to rest upon the tlangc of a main girder, 
the flange on which it rested was suspended from the vertical web by 
rivets, 

Mr Jamks BRrvtEXP said, during n short stsy he had made in the 
Brssils, be had an opportunity of observing the different qualities of 
timber, some of which he recognised in the sprcimeuB exhibited; but he 
had not had much experience as to the durability or otherwiie of thcae 



woods. On 5 mUea of the San Paulo H nil way he had laid sleepers of 
native timber, and by the last reports bo was informed that, after having 
betn in use two years, they were decaying Tery rapidly. On the other 
portions of the line be had used cast-iron pot sleepers, which, like all the 
other iron-work ho sent out, wore boiled in a preparation of tar and 
asphalte before being shipped, and he found that treatment was a good 
preservative against rust He had used the same kind of prepamtlon for 
iron for about twelve yeam, and he could refer to its beneficial effects in 
the case of the Morecambe Bay viaducts. He had had no complaints of tho 
breakage of pot sleepersi nor had he received any complaints of the road it^ 
self, which he attributed to the circumstance of the rails having been well 
fished. A d Life rent sUte of things appeared to have existed on tbo 
Pernambuco Railway, where the rails had not been ilshed in the first 
instance, and where, therefore, the road waa not so effective. He cer^ 
tainly should not lay down the same sort of road in this country fur 
high speeds, but he thought in tropical climates there was no better 
material than iron, cither for the permanent way or for bridges, and be 
belicTed that was the material engineers must mainly depend upon. 

Mr. BuuoE thought the Institution had reason lo bo indebted to the 
Authors for the grejit care vrith whith they had collected the facti, 
and for the methodioal manner in which they had laid them b-efore the 
meeting. It struck him that there was a weakness in the argument 
against resting the cross girders upon the lower flange, the general 
question of which he would not now discuss; but when girders were 
suspended by rivets, as was virtually done when the cross girders rested 
on the lower fiange, it must be recollected that this strain, which waa 
said not to have been calculated, must ultimately come upon thoao new 
rivets in the case of the suspended girders. 

Passing to the question of sleepers, he was struck with the similarity 
of the experience which had been gained in South America with that 
which had been gained by engineers in India. There were doubtltss 
many native woods suitable for sleepers and for other purposes, if there 
was only time to get them, and roads along whioh to carry them ; but, 
in the first instance, if a wood suitable for sleepers was found, there wero 
no roads for getting them to the works, and the only thing tbat oould be 
done was to send out from Europe either memel ereosoted sleepers, which 
were known to stand, or east iron sleepers, which were also known to 
be very efficient. He believed, ultimately, when raUways were more 
extensively opened thon at present, the renewals might be made with 
native timber, because there would be more ready access to the forests, 
and because it would not be required in such large quantities as was the 
case at first, when contractors were forced to buy timber where they 
could, but each supply might be obtained as required for tlie maintenance 
without any undue pressure. He tJiougbt the use of the bogie engine, 
as recommended in Mr Mann's paper, would be attended with great 
advantages, as it enabled trains to run over somewhat inferior roads 
with greater ease and safety than could be done without that very useful 
appliance, 

Mr, Hawtcshaw, Past-President, remarked that the assumption that 
crcofoted memel sleepers would stand in these climates must not be 
adopted as correct. 

Mr. H. 1*. BiTHT said he had been informed that the sleepers fint sent 
out to Pemambuoo were of an inferior quality of white wood, and not 
well prepared. The best evidence he could givo of the general estimation 
in which ereosoted sleepers were still held, was the fact that he had 
contracts to supply upwards of 450,000 ereosoted sleepers in various 
parts of the world. Ho had recently been in comraunicatian with Sir 
Maodonald Stephenson on the subject of the preservation of timber. The 
apecifications of nearly all the cngineera were for the wood to be ereosoted 
lo the extent of 10 lbs. of creosote per cubic foot; but it was found, even 
with that large quantity, that the centres of the sleepers were not im- 
pregnated with the fluid, and some of the failures were, no doubt, attri- 
butable to that fact. Sir Macdonald Siephenson had suggetled, as A 
means of obviating that defect, the boring of two boles 1 inch in diameter 
ttuougb each sleeper longitudinally, and impregnating up lo 12 lbs. or 
14 lbs. per cubic foot. By that means the creosote would bo sent oil 
through the sleeper. The boring by hand would be an cxpcnsit^o opera- 
tion, but he had thought of erecting machinery by which ho hoped to 
elFoet it at a comparatively small incro&aed oost^ and to accomplish the 
object in view. 

Idr. A. M. RiNDiBL, speaking from facts which had been communicated 
to him rather than from his own personal experience, thought there was 
na cause f »r supposing tbat the deterioration of materials waa so exci^»- 
rivcly rapid in tropical climates. He considered that good materials 
would last nearly as long as in tcmperote latitudes. There were as good 
sleepers in India as in this country, but if mere jungle-wood was u»ed, 
it would perish in a rcry short' time. Brieks alio, if made propc rly^ 
turned out well ; but if made after the manner of the country, were 
extreroely perishable. 

Mr. TunjTBrLL could corroborate to a certain extent what had just been 
stated. Ou the East Indian Railway— of more than 1,000 miles in 
length — the greater portion was laid with SauUwood sleepers; a xod- 
siderable poHion with o^osoted fir ; and a small length with cast-iron 
sleepers. Although there were rarious kinds of woods in India fuitotilc 
for the purpose, such as 6isBoo« Assoon, and others, there was diffic uliy 
in getting large quantiuea of any kind, exci^pt Saul, and that woodi 
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whea of good quality, was very durable ; but at fir«t thero waa a great 
and Buddea demcind for eleepersf and many young Saul troei were used, 
M a matter of necesaity, with much iap-wood iu them, which pciiahed 
npidly ; otherwise Saul -wood waa very durable, when cut out of largo 
timber and well aeaaoned. In mthq iustaoces, he had known Saul-wood 
•leepera to pemh in two years ; but he had lately taken up BlecpcrB near 
Caloutta, which wore Berviceable after haring been in use eleven yeara. 
At other parts of the line there were creoaoted fl.r sleepers which had 
been laid ton years and were etlll aervtceable, whilst othora had decayed 
in leas than three years. He had found tbn% unless the oreosoting was 
thoroughly done, and good timber used, fir aleepers were perishable. 
Teak waa perhaps tho beat of all Indian woods, but ita present scarcity 
had brought the price about equal to Ids. per sleeper, which precluded 
its use for that purpose. Saul sleepers and creoaoted fir aleepers were 
about half that price. With regaiti to iron aleopera, he bad used flat 
ones at first, but without success. Greaves' * bowl * sleepers were more 
suoeesaful, but as yet the experienoo of them was not sutEcient to war- 
rant a dcoidcd opinion. There had been a good deal of breakage in 
some places, in one year as much as 20 per oent. was reported ; but as 
had been observed, the breakage could bo obviated by making the 
sleepers stronger. Ho had only laid a comparatively small number of 
these iron sleepers. He thought, on the whole, it was deairablo to in- 
troduce these or some kind of iron sleeper, not universally, but partially, 
in India, from the difficulty of getting larg^o supplioa of wooden sluepera, 
and from the uncertainty of the quality of the timber. A length of one 
mile near Howrah, had been laid on a plan of his own, as an experiment* 
It consisted merely of a bridge rail boUed to a continuous longtitudinal 
bearing of plate iron, with a teak wood board between the rail and the 
plate iron ; it had been in use about four years, and seemed to answer 
tolerably well, except haying been made too weak at tho joints of the 
longitudinal bearing. 

So many miles of railway in India had already bei!n laid with chairs 
and wooden cross-sleepers, that a change to iron aleepers would ba too 
expetmivo, but should be considered on new lines. As regarded creoso- 
ting wood in India, it waa a costly process, owing to the difficulty and 
expense of conveying creosote frnm England ; iron tanks were necessary 
to hold tho oil whon on board sbip, and being unaaleablo in India, added 
to the expense. The native woods were generally too hard for pcnetra- 
tton : the creosote did not penetrate the Saul-wood more than g of an 
inch. 

The earth oil, or Arracan oil, seemed as good as creosote, but the same 
objection applied, as to the difiSculty of conveyance and the coat. It was 
brought from Moulmein and Rangoon generally in leathern bottles, or 
skins. The price is about 6d. per gallon. 

General Sir Akdrbw Wauoh regretted he had not come prepared 
with notes of his experience in India. He had been a short time only 
in Ceylon, but had visited both Colombo and Galle, and oould corrobo- 
rale much that was stated in Mr. Heath's paper. The decay in the 
materials of buildings arose obviously from the alternate effi^cts of ex- 
treme heat and extreme moisttire, but principally, he thought, from tho 
use of bad materials. India presf nted great varieties of climate, which 
in the upper districts dilfered much from that of Cuylou. And the 
Hindoos there had brick and atone buildings of great antiquity ; dating, 
in fact, anterior to tho historic periods.* The masonry of aonie of the 
temples and forts was exceedingly strong, and was ditEcult Co destroy 
when it was reciuisito to blow the forts down. 

With regard to wood, the great difficulty in India was to get it 
seasoned. Such was the pressing demand for wood, that it waa used 
without seasoning, and there were no capitalists tn the trade who oould 
afford to keep stores of wood for seasoning purposes, It waa almost im- 
possible to got a piece of welUeeasoned timber for a chair or a table. Ho 
eould fully corroborate what had been stated by Mr. TurnbuU witb re- 
gard to Saul-wood, It WHS a very hard wood, of great strength, tho 
product of the Shorea Hobusta, which grew in great abundance in tho 
central forests, as well as along the akirts of tbe Himalayas; but though 
it was a wood of excellent quality for all purposes of coubtructiou, there 
was, no doubt, of late years, a great difficulty in obtaining a sufficient 
supply of it, woU seasoned, for sleepers. Teak was a wood famous all 
over the world, but it was getting scarce, from tho trees being destroyed 
BO rapidly without any equivalent reproduction. There was a peculi- 
arity about that tree; t lie seeds did not sow themselves readily like 
Saul» and were floated away by tho rains. There were two kinds of 
leak wood in India, that in the province of Burmab grew to a large aiae, 
and was much used in shipbuilding. The same kind of timber grown 
in a drier range and in rocky parts, as in the Vindhya ranges in central 
India, became as hard as ebony, or iron- wood, but was of am all scantling 
and of crooked form, nevertheless it was an excellent rood if it could bo 
obtained in auffioient abuDdanoe and size for sleepers, or for other pur- 
poses requiring strong and durable limber, 

* WhUo cjirrjiniif on ihn Gr^nt TrUngiUAlion throt^fh the Tumi damp forcnit 
tttadig nejy tbe foet of tlio HimalAyM. Sir Aridrew Wttugh flscfl sett^ral of thd 
ttrbeipftl ttAtioFiB orttha ruin» of forts of such unfiqaity, ttikt forest tr<*e§ 'jf the 
lareeai «*n were ^oTring in the forts^ Iho bitildtni; *jii' whioh wsa atrribated U> 
fiimv^ti, n d(*inigi>d of Hmd'j'j mvtbolairjr. Ihe briokni in thoso furt*. i^bicb wi»r« 
na^A to build iho t<jwers for tbt* Triaufjulation, wero tKj exceUflut, that their 
*riilici FDmjtincd qiiit« «hArp aAct macij hundnnl yeikm; sod ttie mnrk of tbr«>o 

£f affirm on the /jMvoffach brick wore guite dijiiaot, boLae eillter a trade mark, or 

aare probably, j mgn oflho Tiiane Deiij,—A. W. 



Qeath^ 

aportanl; 



Colonel 841E remarked that the results gcneraUy mentioned wers 
such as ho could corroborate from his own experience -, that timber lent 
from this country to a tropical climate should bo prepared beforehandi 
and that perhaps creoioting was the best method. Simply paying over 
native woods with coal-tar, ho had found to act well as a prMeryativer] 
In using timber for building purposes, it was necessary to provide fof j 
the ventilation of the ends of the timbers, by which means it would last 
considerably longer, than if the ends were let into the work without ih( 
admission of air, Saul was, no doubt, tht^ best quality of wood in Henga 
and the north- weat provinces of India; teak was both scarce and ex* 
pensive there. In fact, it mi»?ht be said Saul was tho timber generally 
used in the works of the public departments in those provinces.* Tha, 
results mentioned in tho flrat Paper, as occurring in Broail, he had 
.observed very much elsewhere. 

Mr, C. H, GaaooRT, V, P,, thought they were much indebted to 
Heath, as a young member of the Institution and of the professi^ 
the practical observation which he had brought to bear on the 1 
under consideration, It wa* curious that two Papers arriving so _ 
at the same time from countries so for apart as Pemambuco and Ceyl 
should agree so nearly in their conclusions; and he thought that 
general but independent agreement between Mr. Mann and Mr. *** 
made their papers so much tho more valuable. The most im 
difference between them seemed to be as to tho use of galvanized 
which Mr. Mann gave n favourable opinion, while Mr. Heath, s] 
OS it seemed from experience, thought that galvanising was not $t 
without additional protection in such a climate as that of Ceylon« < 
statement in Mr. Heath's Paper was at first sight striking; %mk., \ 
the loss of weight in iron from oxidation had been observed t^ ' 
Geylon than in England during an equal period of time. In c> 
of the correctness of that statement, he might mention thai, 
works of tlie Ceylon Railway were suspended, a quantity oi 
lyini^ for many months in Ceylon unused, and rails of a simi 
manufactured at the same plaoe, were lying in South Wales u 
expected that the loss of weight wou]d have been greater in i 
Ceylon, instead of which the reverse had been found to be the cu»4l% 
considered Mr. Mann's Paper ss very interesting, because it brought 
fore them tht^ results of experience of some years in a country in whi* 
tbe Engineers of the Railways had been the pioneers of public worki 
and from the independent and careful nature of Mr, Mann's observations 
all ho had stated was entitled to great respect and consideration. In 
ferenoe to the use of timber in tropical climates, it bad often 
discussed, whether the soft European woods artificially prepared 
be preferred to native woods. He had been aurprised at hearing it 
by a gentleman of large experieoco in works in tropical dimi 
tho deterioration of such materials in tropical dinuites was no 
than in England. Ho imagined that where there was gr^t 
accompanied by excessive moisture, tho deteriorating etfect, upon wood 
especially, must be mueh greater than it was in this climate, and that 
this efivct would bi> moat surious on sofl woods; and while, in the fir^ 
instance, from the supply of material being uncertain, and unequal to 
the demand, it might t>e desirable to import European timber arti& * " 
prepared, ho could not but agree with Mr, Mann, that in moat tw 
climates where timber was plentiful, and certainly in tho coub] 
whicih his Paper referred, after the character of the native woods 
known, and their selection and supply properly organised, they might be 
used with great advantage, while Mr, Mann had shown that in Pemam- 
buco this was done at half the cost of European timbur artificiaUy 
prepared. 

It should bo remembered that tho natural decay of timber was only 
one pjrtion of tbe queatijn j for where timber was exposed %q great 
moiisture and gruat heat, tlie alternate swelling and shrinking must pro< 
duco shakes in tho timber, whilt» the working of rails, chain an' 
fastenings must pnxluce mechanical deterioration, which would naturall;, 
be less m the hard woods of the tropics than in the softer woods of £mopt» 
They had on tho table specimens of the woods of BrssiU which in tB 
unprepared state had lasted undecayed for 2o0 years: even if it eoold tm 
proved that creoaoted soft wood would remain as long undecayad, t^ 
durability arising from hardness would stiU b« tn favour of the natif« 
wood. 

In aQuding to iron bridges, Mr. Mann differed from some Engtoesfi 
in condiimning entirely the use of suapended cross girders. Thoie 
bridges to which Mr, Mann alluded were sent out by him (Mr. GTCgorv), 
M cwQSulting Engineer of tho Pemambuco Railway* and IheralbffV at 
felt be was to some extent upon his detcncc. It was sometimes oos- 
venicut to suspend the croas- girders, and when these were properly 
arranged and the bolts sutEciently strong and well secured, he aubmitlsd 
that ttiere was no radical departure from the rules of good eooiliiioitioiu 
With re^ird to Mr. Mann's proposed substitution of ttuel lor wnio|^ 
iron in tho bracinga of bridges, he believed that the adequate me el 
coal-tar would bo a sufiicient protection for wrought-iron braces, tad ht 
thought that tho speoimen exhibited of a brace which had saflend fiva, 
the effects of the weather, might be matched in this coiinlzy in ou ^ 
structures still considered to be in a permanent and sound oondition. 
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He waa not prepared to adopt Mr, Mann's views in ascribing to Iht^ 
heat of tho elimato the large amount of wear which had been obsemii 

* Teak iJi procured in tho ceatral proriaocs, «id on tbe Somba^ iida^-^rJS^ 
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in rtiU imA tiret on tho Pf^rnambuco Railway, an<i be thought they must 
•eek for otbcr causes to account for it. When this railway was projoctcd, 
the fiaMng of jointa was not bq generally adopted as it had ainoo been, 
and it was not propoacd, in the dnit instancef to me flahea^ and thoy hod 
only been applied afler a porti*3U of the lino woa opened for traffic, 
Ag&in, from atmoaphem alterationa, and from the diMculty of obtalu- 
iog perfect work in a country where railway operations wore entirely 
ii«w, from the nature of the ballast^ from the deterioration of aleepers, 
and from other caufea, the permaucnt way waa not for a lone time, eren 
if it was now» in the good itato attainable on Engliah railways. 
There were ako aeveral conaiderablo curres on the line. H© thought 
the combination of those circumataneea aufflcient to account for a much 
greater wear than was usual in England, without the neceaaity for a 
theory which had rather startled him in Mr, Mann's very uaeful Paper. 

Mr. C. B. Lv3*B aaid, aa the fcault of tweWe years' experience of 
Brazilian Bail ways, he agreed generally with the views expressed by 
Mr. Mann with regard to the preaenration of materials ; and some of 
the results stated in the Paper were vary aatiafactory to bim, inasmuch 
aa they bore out reporta he had made from time to time to the JBraziiian 
Government on these qucationa. He alluded more particularly to 
aleepera. When ho first bad to deal with tbis question in Braxil» there 
waa no time to make botatiical investigations, nor was there the know-- 
ledge available to enable him to fix upon really fit material, the product 
of we country. He felt it therefore to be hia dut^ to recommend i.ho 
employment of such material oa praotioal experience in otber inter- 
tropical countriea had shown to be good, rather than the adoption of 
what had not this teat in its favour. And for thia reaaon, where timber 
was employed, he bad recommended that of the north of Europe 
exeosoted. lie had also recommended the 'iron pot' sleepers, having 
had the high authority of the late Mr. Robert Stephenson in their favour, 
and having also had the opportunity himself of judginj^ of their value on 
the Maua Line of Rio de Janerio. That lino had now been about eleven 
years in operatinn, and he had recently seen some statistics of its main- 
teaoncc, from which it appeared that the renewals of the pot'Slcopera 
were very amalli in fact practically almost nothing. He ho^I hoard of 
their failure on some Indian lineSf but he thought it must be owing to 
their not being thick enough along the centre line of the pot : he would 
iwommend their being cast with an internal ridge in that ilireLtion, 
•omewhat similar to the ridge along the vertebral line of tbo shell of a 
turtle. 

NHe agreed with Mr. Gregory, that the time might arrive, when it 
ould be deiirahle for English Engineers in Brazil to fell timber and 
«paro it, either by shed-drying or other means, so aa to get a really 
>od native sleeper. If that could be done at the price mentioned by 
r. Mann, in comparison with the eoat of oreosoted timbor tent from 
this countrVt it was obvious to those acquainted with the financial 
poailion of brazilian railways, that it would be a matter of the greatest 
importance to the railway system in that country. 

He was glad to hear the remarks mado by Mr. Gregory in favour of 
•*fiah joints/' and that he partly attributed the injury to the rails of the 
Pcmamhuco Railway to the absence of ** fish joints*' in iho earlier atagci 
of the line, as it had coat him (Mr. Lane) some pains to got them 
introfluced into that country. 

With respect to the carriages which were sent out about seven or 
eight years ago, now refemjd to by Mr. Mann, Mr. C. B, Lane had at 
that time made a most favourable report of them to the Qoveranient, 
and would now repeat that he never saw carriages more Goinmodloiis or 
better designed for the peculiarities of the climate and the country. 

With regard to the white ants, he did not think there need be much 
apprehension of their ravages upon railway sleepers when in use. He 
bad jeen many old timber structures in that country unaffected by them, 
aad, so far as his experience and observation went, he thought timber 
of good quality, which was subject to frequent shaking or vibration, waa 
tolerably safe from their depredations. 

He could confirm what had been stated as to bricks, both at Peraam- 
hueo and in other parts of Brazil. At Kio de Janerio he had seen 
bilildings comparatively new, which looked like honeycombaf the mortar 
joints standing out, and the brioka eaten away from half an inch to an 
inch and a half; and yet that mortar wis made in the most careless way, 
of shell'lime and sea- sand, or road waahinga mixed with a material 
called ** barro,'* which abounded amongst the decomposed granites ot the 
diBtriot, and nrhlch had conaiderable hydraulic properties^ though very 
inferior to the hydraulic limes of this country. In Mr. Mann's Paper 
the statement about the iron bridges waa only correct in so for as it re- 
lated to insistent bridges. The earliest iron bridge in that part of South 
America, or so far as ho knew in Brazil, was the suspension bridge over 
the river Capibaribe at Caxanga, which carried the moat important of the 
provincixl roads. He had frequently travelled over the bridge, and re- 
irrettcd not being able to supply any minute details of its dimensions 
or construGtion, nirther than to say that the roadway was suspended from 
wire ropes, and the bridge in its appearance and in aome of its details 
resembled the auapenaion-bridges over the Seine at Paris. That bridge 
was erected about twenty yeara ago from the designs of a very able 
engineer, a Frenchman named Vauthier, who at that time held the 
potttion of Engineer-in-chiei to the province of Pemambuco. He felt 
wan that aU the Members would concur with him, that on a queetioa of 



priority M. Yauthior's name should ocoapy its proper place In the anoalt 
of the Institution. 

Mu. Alpubd Db Mobn4T atated, that he had been assistant Engineer 
to Mr. Ixjuis Leger Vauthier, and had made the working drawings during 
the erection of the suspension-bridge at Caxanga in 1S44 ; of which ^ 
speaking entirely from memory, he would givo a brief description, aa it 
was the first bridge of that kind erected in Brazil. Mr. Vauthier was a 
French Eagineer of conaiderable talent, and, at the time he designed 
that bridge, had not long been engaged by the Bi-azilian Government 10 
Engincer-in-chief to the province of Pernambueo. The bridge wn* 
aitusted on one of the mainroada of the province, about 9 miles from the 
city of Pemambuco, in a north- weaterly direction ; it croaaed the river 
Capibaribe at the village of Caxanga. The roadway, which was su^ 
pended from a pair of wire ropes on each side of the bridge, by moans of 
vertical suspeoaion-rods, waa about 100 feet long and about 20 feet 
wide, constructed of the hard wood of the country, and waa formed 
simply of croaa-sleeperii, placed at the same distances apart as the Bue- 
pension-roda, and covered with rough planks. The ends of the crosa- 
aleepers rested upon two longitudinal timbers, through which the sua- 
pension-roda were also carried. The ropes were oonatructed of a nuua 
of iron wires, simply laid together and bound round at intervals to keep 
them in position. Eacli pair of ropes was connected together by a 
lacing of wire at each of the suapensiou-roda, which arrangement served 
to keep the rods from slipping down the ropo Each rope waa composed 
of four lengths, so that there were in all eight separate ropes — two on 
each side of tbo bridge passing over the pillars, and two at each end of 
the bridge passing under massive stone buttresses. The ends of the 
aide ropes^ after passing over tho pillars or rocking standards, were 
looped, and the ends of the ropes that passed under the buttreasei were 
divided into two, and each end looped also, and then all were connected 
together by meana of wroughl-iron straps and blocking pieces, thus be- 
coming in effect two endlesa ropes passing all around the bridge. The 
rocking standards were of cast-iron, made in three pieces. The rocking- 
base was a aegment of a oy Under, resting upon an irH>n plate ; the abaft 
was made taper at both ends, and cruciform in section, and the capitals 
served aa a saddle for the ropes to re&t upon. Four long wrought-iron 
holts conneeted the top piece of the standard with the four comers of 
the rooking base, and aerved as diagonal braces to give greater strength 
to the light cast-iron shaft. The suspension -rods were of wrought iron, 
and were plaeed between the ropes, and attached to strong wrought-iron 
plntea formed to embrace the two ropes. The whole of the work of the 
bridge, including the cast-iron atand&rda, waa executed in the country. 
The wire of which the ropes was composed was purchased in England. 
Tho wire ropes were still sound, as well as the principal parti of cast 
and wrought-iron. The bridge was estimated to cost 40 centos of reta 
(about £4,500), and its actual cost waa between j^.5,000 and £G,000. 

Mr, Kt'jiSBL AiTKBM believed, that the rigidity of the ** pot" aleepera 
w»a duo not to the fact of their being made of cast-iron, but mainly to 
the imperfect way in which the rails were secured to the top of the 
bowls by the wooden keys. The wooden keys, from exposure to the 
auQ and the rain, and from the vibration of ti-ains, soon worked loose ^ 
the result of which was, that the rail rocked and jumped in the chair. 
The passing trains being thus enabled to spring the rails, gave a series 
of successive blows to the tup of the bowls, which was the chief cause of 
the sonority and rigidity of the pot sleepers now in use. He thought, 
that by proper construction this might be overcome, and he had eiFectually 
succeeded in doing ao by oaating the " pot" in two piece*, with a suffl* 
cient length of chair-jaw to firmly grasp the aiders of the rail, by keying 
up through legs caat on to the bowls underneath the bottom of the rail. 
The '*pot" by this method of construction, followed the minute de* 
flections of the rail, the rattle of the rail in the chair was prevented, 
and the wooden key was dispensed with. He did not mean to say thftt 
he could nrnke a road equal to the wooden cross-sleeper; at the same 
time he thought that the ^* pot" bearing surface waa credited with 
defects that did not neoe^arily belong to it. The '* pot" sleeper wt* 
the only iron road he was aware of that was embedded well in the ballast, 
and which, therefore, had anfficient hold ; and be knew of no other fonn 
of cast-iron road that was likely to succeed in practice. 

Mr. JoHJt Bethbll had no means of giving any information leapecting 
the relative durability of materials in tropical climates, aa he had no 
experience on the subject. Mr. Gregory had correctly stated that the 
durability of wood depended very muoh upon whether it waa. from its 
nature or situation, subject to be alternately wet and dry, and further, 
upon whether it was soft or hard wood. There was no doubt, that a 
piece of wood which was wet one day and dry the next, and exposed to 
considerable beat, was liable to decay very rapidly ; and, in the use of 
native, unprcpored wood, it would be safer to select that part that was 
hard, and which, from having all the pores filled up ^^ith ligneoos 
matter, did not so freely absorb moisture. A piece of unprepared hard 
wood was not liable to get wet or dry so frequently heoause it did not 
absorb water ao readily as the more porous qualities of wood ; but it was 
the reverse when wood was selected for creosotlng, and it was to that 
particular point he had often urged the attention of Engineers, but he 
was Botry to say, as far as sleepers wore ooneemed, with little effect. In 
faot, the specihcations issued for steepen ibr foreign railways had been 
of such a character, that he had folt it was utterly imposfiible to comply 
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with them. These specifications described the sleepers to be entirelj of 
heart wood, and then to be creosoted to the extent of lOlbs. of the oil per 
cnbio foot. If the heart- wood sleepers were employed it was impossible 
to creosote them to that extent, and he defied any one to get lOlbs. per 
cubic foot into heart- wood timber. He had samples in his possession, 
which tended to show that the great yalue in creosoling was to retain 
the young wood as much as possible. The creosoting process was not, 
as often described, a chemical process entirely. It was to a certain ex- 
tent, because the creosote oil was the strongest coagulator of the albumen 
in the sap of wood. But that was not his only idea when he introduced 
the process ; his object was also to fill the pores of the wood with a 
bituminous asphaltic substance, which rendei-ed it waterproof and by 
which, in process of time, the wood so treated became very much more solid 
and harder than heart- wood itself. That result was fully shown by some 
specimens he had receiyed from Belgium, of half- round sleepers creosoted 
by him fifteen years ago, which showed that all the young wood had be- 
come set, as it were, into a piece of solid aspbalte ; and Scotch fir and 
Baltic timber, which bad their pores filled with this tar-oil, became 
entirely waterproof, and so hard that it was with the greatest difiiculty 
they could be sawn. Of Scotch fir sleepers laid on the North Eastern 
Hallway in 1841, 80 per cent, were doing duty at the present time, and 
such cases of decay as had occurred, were found to have taken place in 
the heart wood, where the creosote bad not penetrated. The engineer of 
the Belgian State railways sent him some specimens not long ago, which 
illustrated the same fact. He found one specimen which had lost a piece 
of its heart by decay ; but on experimenting upon the transverse strength 
of that sleeper against a similar sleeper uncreosoted, it was found quite 
as strong, though it had lost its heart, because, from the thorough im- 
pregnation of the bitumen, the young wood had become so hard that it 
was more like an iron pipe ; and he was satisfied that if it lost all the 
heart, it would be stronger than a sleeper in its natural state. It was 
stated in Mr. Mann's Paper, that the half-round creosoted sleepers lasted 
better than those of the square form ; and this result was to be expected, 
because the half-round sleeper retained all the young wood, and would 
have more creosote in it ; but in the square sleeper it was cut off. He 
might state that during the last six years, extensive experiments had 
been carried on by Monsieur Crepin, the Government Engineer, at the 
harbour at Ostend, for the purpose of testing the different preservative 
preparations against the attack of sea- worms on wood, and the result of 
, those experiments was. that wood prepared with corrosive sublimate, 
or copper, suffered as much from the ravages of the worm as unprepared 
wood ; for though the worm did not affect the timber immediately, yet 
it did so in a short time ; but the creosoted wood the worms did not 
touch, except where an opening had been left to the heart- wood, which 
the creosote had not reached. The result of those experiments led to 
the conclusion, that piles used in sea-water should not be squared, but 
should retain ns much young wood in them as possible; and the reason 
was obvious, that the young wood could be filled with the creosote oil ; 
but if that young wood was cut off, and only the heart- wood left, the 
creosote could not get into it. The engineer to whom he alluded strongly 
recommended that all piles used permanently in sea-works should be 
entirely remind. 

Mr. Sheilds had examined some timber bridges in Pemambuco during 
a short visit to that country, and in one, which had only been constructed 
three years, he found the ends of the timber had been placed in contact with 
the moist clay ; at those places he (^ould readily knock off the crust of the 
wood, and the interior of the wood was almost filled with white ants. He 
had no doubt the decay was augmented by the contact of the wood with 
the moiet clay. In such a case he would have taken care that the ends of 
the timber were embedded in masonry, or that the spot where the 
wood rested was dry and well drained. At Bahia he had opportunites of 
making more extensive observations ; and timber there appeared to him 
to be less affected, generalljr, by the white ant than in Pemambuco. It 
had been ascertained that timber was preserved for a considprable time 
by being embedded to the depth of about 2 feet in the sea-sand, which 
protected it also from the attack of the teredo. Timber was stored for 
the Government works in considerable quantities in that way, and, 
having in some instances been forgotten, discoveries of seasoned wood 
were occasionally made on the shore. That fact appeared to show that 
timber, when wholly embedded in such situations, was suitable for piled 
foundations, and might also be applied economically by those who had 
wharves or jetties to build in that country, by forming the underground 

Eart of the })iles of timber, and using iron for the upper portion. He 
ad had opportunities, in the earlier part of his life, of making observa- 
tions upon Australian timber, and it showed the difference of effects 
between one climate and another, that in Brazil the more porous and 
open-grained timbers were most subject to the attacks of the white ant, 
but that in Australia it was the reverse, for there it was the hardest 
description of timber that those insects first attacked. There was one 
wood in particular in common use to which this remark applied, it waa 
called "iron bark.** Its density was so great that it sunk in water, 
and its strength was extraordinary, almost approaching to that of inferior 
iron in tenacity and resistance to strain. It was this wood the white 
ants particularly attacked. He had tried the effect of coal-tar in 
destroying white ants. He had taken short baulks of timber where the 
ants had commenced operations, and tried the system of pouring a very 



small stream of coal-tar through the heart of the timber which the anta 
had hollowed out, and afterwards splitting it open to see the result. He 
found the white ants completely destroyed ; they were shrivelled up like 
shreds of half-burnt paper by the mere effluvium of the coal-tar, and 
after that experiment he never rejected a piece of timber because the 
white ants had commenced operations up<m it, as had been previously 
the custom, whilst he was able to destroy Uiem thoroughly in that cheap 
way. It was to be remarked, with regard to the timber of Brazil, that it 
was very brittle ; and his experience there led him to th^ conclusion 
that the best course for an engineer to follow was, as much as possible, 
to have his materials from England, and that iron- work and iron sleepers 
were peculiarly adapted for a country of that kind. It occurred to him 
even now that for tropical climates wrought iron transverse sleepers, if 
it were possible to make them within reasonable cost, would be the best 
lor permanent way ; and the next opportunity he had be should endeavour 
to design something of that sort. With respect to the suspension of the 
cross-girders of iron bridges from the lower flange of the main girder, 
instead of from the veitical web, he thought Mr. Mann was right in the 
remark that it was better to attach the girder to the vertical web than 
to suspend it irom the flange, but that the correct reason for that opinion 
had not been stated. The true reason was, that if the cross-girders were 
attached to the vertical web, they were suspended not from the head 
but from the shank of the bolts ; whereas, if attached below the main 
girders, they would be suspended not by the shank but by the head. He 
thought every practical man knew that the weakest part of a bolt was 
the head or nut, and especially so when it was exposed to any sudden 
shock, such as the blow of a hammer. He had screwed bolts for experi- 
ment very tight, and the fracture occurred generally at the nut, but 
never in the shank. In attaching cross-girders to the vertical web, 
the bolt or rivet must be sheared through the shank before a failure 
should occur, while the heads, which were the weaker part, were only 
employed in keeping the work together, and were therefore only subject 
to slight strains. Indeed, if both heads were knocked off the rivet, die 
work might to a certain extent stand good if suspended from the shank, 
but the work would give way directly under the same circumstances if 
suspended from the head. For that reason, he thought girders were 
better suspended from the vertical web (the proper amount of rivetting 
being, of course, provided as much in one case as the other), as in so 
doing there would be a clear shear through the shank of the nvet, whidi 
presented fl;reater resistance than the head, and was a aafer pUm for with- 
standing the jarring of railway trains. 

Mr. John Calvert remarked that a residence of twenty years in 
tropical climates had given him some insight into the decay of materials, 
especially of timber, and he would state a few facta that had come under 
his observation. 

With regard to timber as sleepers, he remembered that eighteen years 
ago the Jamaica line was laid with kyanized sleepers, but in less than 
twelve months they were nearly all decayed, after which recourse was 
had to the native " cashaw " wood, a species of the acacia aomething 
like mahogany in appearance, and as hard. The timber waa aawn down 
the centre, and laid with the flat side down, and the aleepera had lasted 
from that time to the present. A similar wood grew in the Punjab, 
called Babool, which formed the principal fuel for tlie steamers on the 
Indus and Chenaub rivers. It was proposed to use it for sleepers also 
on the Mooltan and Ijahore line, but it was doubtful if a sufficient supply 
could be obtained. With regard to the depredations of white ants, an}- 
thing of a bitter taste injected into the fibre prevented their attacks, 
though it might not have the same effect as coal-tar ; but even a small 
quantity of turpentine had the effect of killing them instantly. The 
kyanized sleepers he had spoken of were destroyed, not by ants, but by 
rot. He could confirm the statement with regard to hard woods, that 
the black ants of the West Indies were more destructive in that quility 
of wood than in soft, and attacked certain kinds of wood with grett 
voracity. In pulling down the old cathedral at Jamaica, some of the 
timbers of the roof, which were of hard weed, were eaten away, and s 
cart-load of nests formed by the ants was removed, after being cut away 
with gnjat labour by hatchets. There were some descriptions of wood 
in the West Indies, such as the bullet-tree and lignum vitse, which 
were not affected either by the teredo navalis or by the black ant, and 
when used for piles were never known to decay. In surveying one of 
the great lagoons, he remarked an old post of lignum vitse in water, 
about 12 feet below the level of the sea. It was in the shape of a cross, 
and was said to have been placed there by the Spaniards hundreds of 
Tears ago. It was not decayed in the water, and very little affiMited 
between wind and water. At the Cape of Good Hope, varioua methods 
were adopted for preserving the piles used for the jetty. One method 
was to case them in iron ; another was to drive hard naila all over them, in 
the hope that the oxidation of the heads of the nails would form a coating 
on the outside, and defend the timber from the worma. In India the 
white ants were exceedingly destructive. In piles of aleepera which had 
been lying ready for use about eight months, at least 10 per cebU wen 
found decayed at the heart. H e was inclined to the opinion that fircquent 
vibration, such as was caused by the passage of traina, acted as a protec- 
tion against white ants ; and he knew of an instance in which the 
timbers of a house were periodically beaten with hammera to keep tbe 
ants away. With regard to stone, he had found in the tnq^iica that the 
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application of tmseed oil not only acted us a preserratiTe^ liut rendered 
■oft atone in the course of a short time so hard that a chiael would 
■caroely touch it, and thai remark applied to imported Caen stone as well 
aa to the chalk atone found in the Weat Indiea. In Jamaica he found 
the finest bricka he had erer seen ; not only were those bricka well made, 
but the material itself woa good, and there were buildings which had 
stood from time immemorial without showing any signs of decay. At 
the Cape of Good Hope the best mortar was made of shell lime, and, 
eren when mixed with sea-sand, it was exceedingly hard and durable. 
Both there and in India, sun-dried bricks were much used for inferior 
and cheap building. At the former place there were yineyard wdla of 
stm-dried bricka now standing which were built before the English took 
possesaion, the clay being of a tenacious quality. 

In the Punjabi however, the clay was very inferior, and soon melted 
with the rain, ao that when the oountry was flooded, two or three railway 
bimgalowB had been seen to fall in a few days. In spite of this, the 
Katcha-work (or mud-work) was largely adopted. The burnt bricks in 
the Punjab were not so good, from the extenaire exuilation of phosphate 
of soda after the work was built. That dcftfct was, however, remedied 
to a great extent by covering the bricks with plaster. In the neij^hbour- 
hood of Agra, telegraph posts of atone, obtained in long lengths, had been 
adopted to a largo extent in place of timber poata, the rapid decay of 
which had greaUy retarded telegraphic extension in India ; but the diffi- 
culty was being mot by making the lower part of the posts of oast iron, 
into which wooden posts were iiuerted. 

Mr. Thomas WaiWTaB said that the obserrations respecting the tbIuo 
of yoimg wood, reminded him of the elaborate experiments that had been 
made some years ago with chloride of zinCj sulphate of copper, and other 
chemical preparations ; but in all those cases, the question depended 
upon the quantity of those salts which could be absorbed in the soft 
woods. With regard to the chloride of rinc. it had a remarkable property 
of amalgamating or miiting with the albuminous matter of tlio wood, 
and thus acted as a preservative . He apprebended that by these experi- 
ments, the value of young wood for these purposes, by reason of the 
albuminous or other matter contained ns a vehicle for uniting with the 
preserving materia], was eetablishod beyond all question. 

Mr. J. G. COCX.BUBN Ci KTia said no meniion bad as yet been made of 
one of the sourcea of decay of buildings in tropical climates which he 
bad particularly observed in India. He alluded to the presenoe aud sub- 
sequent germination of vegetable matter or leeds in the mortar. When 
he was employed in the Public Works Department of the Madras Presi- 
dsncyi it was found necessary that periodical inspectjiona should be made 
to giiard against this eviL In some instances^ where proper precautions 
had not been taken, roots had formed very rapidly, and of such great 
•Ue as to bodily dislodge by ihoir proesure largo stones from buildings. 
Mention having been made of the duration of mssonry work in India, it 
might be worthy of attention whether the practice of the native masons 
prior to the pcnod of railway engineering bad anything to do with it. 
A proportion of *^ Jagherry,^' or coarse native sugar, varying from about 
2 per cent, in ordinary work to from 5 per cent, to , 8 per cent, in arch 
work, was mixed with the lime. The chemical effects of the ** Jagherry " 
bad been investigated by some engineers in India, but no very definite 
concluaiona upon the subject had been arrived at.* 

Mr. J. M. Heppkl, having been engaged in public works in India, 
could confirm the atatement with regard to '* lagherry " having been 
used in the mortar, and that the mortar so made set exceedingly well, 
and was very durable. As the result of his general experierce in India, 
he thought none of the preservative processes for tirobiT which had been 
mentioned were entirely reliable ; and, in connection with the Madra-4 RatU 
way, he inclined to the opinion that iron was the only material suitable to 
the oircumetancfs met with in those climates. With reference lo the loss 
of metal in raili, he had investigated that question, and found that rail* of 
721bfl. per yard had, in one instance, deteriorated to the extent nf 3 lb*, 
ptr yard by lengthened exposure to the sea air in stacks, though when 
laid in the fand they lost very little. One great obstacle to the obtaining 
of reliable results was that from the nature of tho cltmnlo. and from other 
oircumstanocs, offices in India were generally htjld but for a short time, 
a lengthened reaidenoe in that country being the exeepticin. lie thought 
those engineers in Great Britnin who, from their connection with Indian 
railways, had accumulated a large amount of information in the rcpotts 
sent home from various sources, were tisuaUy better able to give an 
opinion on these matters than those who had been residenl in India for a 
compsratively short period of time. Amongst residents, such men as 
Mr. Berkley, who saorificed his life to bis jceal in conducting a most 
arduous undertaking, and Mr. Tumbull (to both of whom he had been 
much indebted for advice and information collected during a great 
number of years in India}, were the men who*e ripiniuns on such 
matters were entitled to the greatest weight, and he preferred to draw 
upon ths experienoe of soob men, rather than to rely entirely upon his 
owu. 
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THE AECHJEOLOGY OF EASTBOUEIS^. SUSSEX. 
By thb Ebf. E, Tubjteb. 

Tub do sign of thia paper is to finish a short account of such 
objecta of arch»ological interest as havo been discovered from 
time to time in Eastboiirne and its immediate neighbourhood, 

I shall CJommeuee with a most interesting difjcovery which 
was made bene in 1805, when, by the fall of a portion of the 
cliff at or near to the Wish, four Celtic gold brac4?lets, very 
similar to those which were iliscovercd four years a^o at Mount- 
field, were brought to light, the bearicst of which weighed 
rather more than 3 oz., and the bghtest 16 dwts. and 4 grus. 
Tlie first was found by a man led to visit the spot by curiosity, 
and who, not at all knowing its value, took it to Mr. Holt, then 
a silversmith here, who, to his great astonishment, gave liim £3 
for it. Thia led the man to make a further aearcb among the 
fallen clialk, which resulted in his finding two more, and a fourth 
was subsequently found. These Mr. Holt also purchased. An 
examination of the clifl' where tho ^lip hnd taken place was afler* 
wards made, when several bronze instruments were found em- 
bedded in it, at a depth of about 10 til-, from the surface. Thes^ 
consisted of three celts of the kind called palstraves, two socketed 
celts, a sword, and three lumps of pure copper, showing that 
they muMt have been lost or hidden tiiere by some native maker 
of such bronze instruments. This di-seovery reaching the ears 
of Sir Joseph Banks, he wrote to Mr, Holt atxmt them, and 
through him the v were exhibited at a meeting of the Society of 
Antiquaries in London. March ID, 1807, together with the celts 
and sword ; after which Sir Jose|jh became the purchaser of 
them, and they are now in the British Museum, naving gone 
there from the collection of Mr. Payne Knight,, in 1835. 

Mr, Harvey, of Lewes, has an ancient British gold coin found 
here. 

I shall now proceed to show the claims which Eastbourne has 
to Ix' considered a Roman station. That it was so is clearly 
proved by the Eoman remains which have been discovered in 
and around it. In 1717, a tesvselated pavement of considerable 
size, a bath, and other indieia of these early invaders of this 
coimtry, were discovered in a field by the seaside, now forming 
the site of Cavendish-place. The discovery was made by work- 
men engaged in repninng a post and rail fence. In digging the 
post-bole, the tool made use of ntruek upon sometning that 
oflered a strong resiMtaiiee, and upon opening a wider space to 
ascertain what it proceeded from, the Boman pavement was 
discovered. That eminent physician and antiquary. Dr. Tabor, 
of Lt^wes, who drew up an aeeount of it. which will be found in 
the 30th volume of the *' Philosophical Transactions/' says that 
the whole field, which measured four acres, i.s supposed to be 
full of founilations. The length of the pavement was about 
17 ft., and its width about 11 ft. It was constructed of coarse 
tessent!. with a pavement of brick around it, the whole being so 
firmly ccmentetl together that, as I liave already said, the work- 
men had some difiiculty in breaking through it. As Dr. Tabor 
docs not speak of any ligures similar to those which so beauti- 
fully adorn the Bignor pavement, it was, I presume, quite plain. 

Other remains of the same people were ibund here in 1848, 
by Mr, James Bt^rry. an Eastbourne architect, at a point t4> the 
west of the " Sea Houses." and but a short distance from 
Trinity Church. Ujc direction of its massive walls, which raried 
from 2ft. to 4ft. in ihickne.ss, and wliich were conatmct<»d of Eaat- 
hourne atone, being north and south- Mr. Lower* who inspected 
it .soon aftrr it was ttpened. succeeded with the help of Mr. Berry, 
in tracing its connection, by means of a corridor, with the batn, 
and pavement previously found. Besides fragments of pottery, 
of varioua kinds — blacK. brown, and red — two coins much 
corroded, a flint celt, bones and horns of various kinds of 
aDimals. tiles of red earth, impressed with a variety of patterns, 
and a small bronze, were found upon the site. As portions of 
Pevensey Castle, from which Eastbourne is distant about 4 iiules, 
are manifestly of Koman construction, and its claim to have 
been the site of the Komana-British city Andenda which 
Dr. Tnhor claimed for Eastbiiurne. is now very generally 
acbnitted, the Boinan remains disc^ivcrcd here were probably 
the foundations of the vdlw residence of aome iloman officer, 
high in station and command there. 

On the Downs, north-west and wcat of EaHtboume, Eoman 
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tini9« one doiilaiiiillg liorse^' t<^eth« and others bamed bones « and 
ikeletoof irhicli hod not undergone tlie pnx^usa of cremation^ 
hare he^m disinterred. The two fragment* of Roman pottery 
now eitkibited were found abont two yean aRO, having been 
thrown out with the earth wliich it became necessary to remove 
for the extension of the esplanade towardij the Wi«h. Mr. 
Harvey* of Lewes, and M^r* Emary, of Eastbourne, are both of 
them m poasession of Baman coins foimd in and arotmd East' 
bourne. 

In the spring of 1847, daring the time the raOway from 
Polegate to Eastbourne was in the coarse of constraction, the 
namefi, in making a cutting in the part that passes through 
Willingdon* discovered an ancient coffer. It is of cast lead, and 
jneaaares 12 in. in length by 11 in. in breadth. Its depth is 6in, 
It has at each end sockets for iron fthifting handles. On the 
longei^t side it has a triangabir device of interlaced work, 
incniding a cross ; an ornament not unci^mmon on Etmic monu- 
ments. The whole is enriched with corded work. Various are 
the conjectures as to its dat-e and use. By the Arclueologieal 
Society and the Archaaological Institution it is considered to be 
Anglo-Saxon, and its date to be about the tenth century. Of 
its original Ujie no satisfactory opinion has been advanced. 
Mr. Roach Smith thinks tliat such leaden vessels were used by 
the Romans for coffins. Its resemblance to the leaden cists in 
which the bones of Gundrada and her husband, the Earl of 
Warren, were discovered under very similar circumstances in 
the priory grounds, at Lewes, are very remarkable. 

Another object of archfeological interest found at Eastbourne, 
but in what year I am not able to say, is an ancient bn^nze seal, 
bearing an armorial shield, scmfee of cross croslets fi tehee, a 
Uon rampant, and the inscription, 

" Sia 1 lOHANKIS : LrVET," 

In the aiiteenth and seventeenth centuries there were Levetts 
residing at Warbleton and 8alehurat in the eastern* and at 
Fittleworth in the western division. Mr. Walford, however, 
thinks it not unlikelv tl*at tliis seal belongs to John Livct, who 
was the c<»rtified lora of the township of Firle, in 1 3 10. 

Before I conclude my hst of archiBological discov^eries in 
Eastboome* I mii>*t not omit to notice the most remarkable one, 
perhaps, of all ; namely, the gold coins, with Mobammedan in- 
scriptions of the eighth century* which were found here ab<:>ut ten 
or twelve years ago. It has hitluTto baffled the endeavours of 
the keenest archicological mind to discover to wliat fortuitous 
circumstances we are to attribute the cause of such coins being 
fijnml licre. 

Of tbe two lost towns of Hidney and Northey, both of which 
were limbs or members of Hastings, as one of the Sussex Cinque 
Port townrt, Nortbey was about fonr miles from hence, in the 
Liberty of the Sluice, near to tliat part of the roast where the 
whale was cast on shore two years a(>fo ; but Hidney is described 
as having been 8ituat<?d between Pevensey and Eastbourne. Of 
these two extinct Sussex towns, I sludl say no more at present 
than that I have been for some time collecting materials for a 
history of them, the result of which I hope to be able to give to 
the Society in the next volume of onr Collections, 

^^othing need be said of the beautiful parish church of St. 
Marr. *">f tlie old parsonage-house adjoininia: the ehurchyard, or 
of tfie old crypt under the inn, for thi»se we have just visited — 
the cburrh under the able guidance of the i^icar. Of the crypt 
I sshall only add that the celebrated inn at Alfriston. ami the 
well-known Star Hotel at Lewes, have, both of them, similar 
cryjjts under them, 

I might refer to the wonders of Beachy Head, which is second 

^ only to that renowned cliff near Dover which Sliakspeare has 

' so beautifully descrilH*d ; of " The Charleses," whieh once were 

eonspieuous landmarks, but which have been obliged to lowor 

their heads in submission to the albdevourinj;? hand of time, a 

fragment of one of the seven only now remaining to mark the 

spot where they Ktood, and this remnant tottering to its fall j 

and of that exlrflordinary artilieial, but evidently ancient, cavern 

to the west of "The Cliarleses," the origin and date of which 

art* unknown ; sueli caverns, however, it may be observed, are 

not uncommcm in the cliffs on the coo^t of Scotland, and of gri»at 

antiquity. The cavern of which I am now speaking is UHUully 

called *''Parson Parby's Hole.*' Parson Barhy was the iiicuui- 

hrot of EoMidean about the year 1(>80, and was much in tho 

Itaif/t ofrisiting this care. 



THE CIVIL AND MECHANICAL ENGINEER'S 
SOCIETY. 

This Society has now been in adive operation for MTenyeart, 
and our readers will feel interest<»d in its progress. It was 
formed by a few junior members of the profession in the year 
18^9, and has since been perseveringlr pursuinff its aims. It 
has met with some of the usual diffieufties of aU new associa- 
tions, but may now be considered to have attained a permanent 
position. UntU lately the meetings of the aociety were held at 
the Freemasons* Tavern, Great Queen Street; but, owing to the 
rebuilding of that establishment, temporary accommodation has 
been obtained, but shortly a more suitable and permanent meet- 
ing place will be aecured. 

Tue oounoO state that the society is intended simply as a 
medium for the Lntercliange of ideas and information upon 
engineering subjects, and generally to promote the acquiaition 
of professional Knowledge by its memoers, who for the most 
part being juniors, feel that they could not, in the earlier atage 
of their professional eourae, derive from the older societies the 
kind of advantages they need, even if they were eligible for 
membership. 

Tbe President for the session 1866-67, just comnieneed, i* 
Hr. G. Eedes Eachus, and the society mcludes amoDff its 
honorary members Mr. Charles VignoleSt F.E.S.; Mr. G. W. 
Hcroans, F.R.G.S,; Sir Henry James, C.B„ FJL8.; Mr. R. 
Sinclair; Captain Symonds, R.N.; &o. 

At the opening meeting of this session the President delivered 
an address, some extracts from which we append : — 

The properties of materials used in engineering coustmctioot 
are of two itindB— structural and chemical. 

Of all materials used, st4ine is by far the most important* blli 
the great increase in the value of^it which has of late taken 
place, in consequence of tbe large engineering works in luind, 
has led men to look about to seek, if possible, some aubstttute 
for it. Granite, for instanc-e, is now aoout 30 per cent . dfnrrr 
than it was a short time since. Among such substir ^ 
Eansom's invention stands out prominently. He hajs s: i 

in producing an artificial stone of a stiperior kind, which ii> to bd 
tried on a large sc&ile at Cranston's Hotel. New York, now in 
course of construction in that city, which is being built with this 
material. The character of the mat^^rials useu for cementing 
stones and bricks is of almost equal consequence with the stones 
and bricks themselves. In these Dementing material* great 
improvements have bt»en made, owing to the high nTquirementa 
of several eminent engineers, and especially the engineers ta the 
Board of Works. 

The standard of weight and strength of cements has been so 
increased as to necessitate correspondinj^ improvements in their 
manufacture; and. certninly^ praeticul civil engineers will never 
specify materials which the manufacturer is unable to produce. 
Iron and steel must continue to increase in favour for engineer- 
ing purposes, the latter especially giving proofs of such givat 
tensile strain as to make the use of it an absolute necessity ; 
whereas, for instance, in very large bridges it would not be pos* 
sible to secure tbe span required if wrought and cast ircin. wtiioh 
have less strength, and consequently greater weight, could aloQS 
be used upon the work. At present, iron and nteel are but littlo 
used in the construction of breakwaters and other sea defoQCSff 
through they enter largely into the construction of jetties, pin% 
(fee., but it seems well that they should be employed much mora 
freely in all such constructions, as by the use of t!* '^'' - * only 
woufd the expense be much dimininhed. but it > nhd 

possible to imitate similar works in the Mediterr^„. ,..., .vhero 
the sea walls are built on arches, to allow the free passage md 
consequent scouring of tho deep WTiter. 

A better knowledge of chemistry has been the means of effect* 
ing many groat improvements m the manufacture of iron, 
M. Gaudm discoverca two ways of producing a very hard iroD# 
the one by adding to cast iron in fusion boron, and the other bf 
adding phospliate of iron and peroxide of manganese ; the xnem 
thus protbiced he recommended as a material for bells, as being 
ver? sonorous, 

^or supplying London with pure water, and in larger qaaatiti(»«i 
than the present companies are able to do, I consider Mr. BHUf*\ 
scheme one of the best. This eminent engineer, in ii 
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pamphlet publisbed for prirate circulation, has advocated the 
■upplj of water to LondoQ from the sources of the Severn, 

After showing the rate of incTease m the population of the 
metropolis » and the stiU greater growth of the suburbs, he justly 
concludes that a f^eater quantitj of water will he required for 
their supply ; and, further, from the increase in the amount of 
impurities eontainc'd in tlie water, that there be also necessit-ated 
ft purer and softer supply. It has been anijjjested that the 
present wat^r is ^ood enough for washing purposes, and that 
water of the purest kmd should be supplied only for drinking 
purposes ; but, in truth, for washing also the softer water would 
oe required, as the softer the water the less the amount of soap 
used, and, consequently, so much less the expense of cleanliness. 
Indeed^ Mr. Biitcman estimates this saving at £400,000 per 
annum. It is probable that the Thames water, in the course of 
a few years, will be much purer than at present, and a BUI for 
Thames purification wa>s passed in this last session ; but with all 
oiir efforts in that direction, some measures of an entirely new 
charact^T will hare to be adopted. Mr, BatemaD, arguinij from 
the quantity of wnter at present used in the metropolis, and 
taldng into consideration the increase accx>rding to past years, 
is of opinion that no scheme deserves attention unless by gravi- 
tation it is able to supply thi^ metropc»htan district with 
200,000,000 gallons per day. The nearest district for such 
Hupply is to be found in the upper basin of tbo tributaries of tho 
Hirer Severn. 

The fall of rain there may be safely estimated at 70 or 80 inches 
per annum, but Mr. Bateman's calculations are based on about 
one- half, or 36 inches per annum. 

There are no metalliferous veins to contaminate the water in 
these districts* which liave a total area of some 12^1,000 acres* 
and the discharge-pipes o( the lowest reservoirs would be placed 
450 feet above Trinity high water murk. From the two districts 
which Mr. Bateman sek^cts, he would carry separate aqueducta 
to Martenmere, each capable of conducting 130,000,000 gallona 
per day. From Marten mere the water would be conducted by 
a common aqueduct capalile of conveying 220»O0O,O0O gallons 
daily to the high land near Stnnmore, where reservoirs would be 
placed for supplying the metroy^olitan districts at high pressure 
aad on the constant supply system. It is probable that the 
water derived from the above sources will be al>out L° of hardness 
with about 1*25 grains of organic impurity. The cost of the 
ondertaking, which certainly seems large, owing to tho distance 
which is to be traversed (183 miles), is to be met by two rat-es» 
one a public rate on house property, the other a domestic rate. 
The following shows the estimated receipts :— 
_ Probable annual value of surplus property ... i;50,OOQ 

B Sates of water for trading purposes of com- 

^^^_ panics which may be tLtsp<jsed of, and to 

^^^h aubnrban districts and places on tho lino 

^^^a of aqueduct, probably ... , 

H Compulsory rate for domestic supplies at lOd, 

■ m the pound on £12;nfXXO0O 

■ Compulsory public rate at 2d. in the pound on 

■ £18,000,000 

I "^ 
I aay 



250,000 
500,000 
160,000 



£950.000 
The total cost for the fi.rst supply of 130,000,000 gallona per 
day is estimated by Mr. Bateman at £8,600,000, and the sub- 
sequent outlay for eorapicting the whole scheme of 220,000,000 
gaUons per day would bring this up to £10,850,000. Mr. Bate- 
zoan's scheme is, I belicTe. the result of very careful surveys^ 
and deduced from a sound knowledge of liuth the geological 
nature of the di, strict traversed and the peculiarities which 
render it suitable for supplying water to the metropolis, It is 
to be hoped that the next session may bring this scheme pro- 
minently before the pubbc and the engineering world. 

The next scheme to which I will allude is that of Messrs, 
Hemans and Hassard, which, like the one proposed by Mr. Dale, 
of the Hull Corporation Waterworks, would look for the water 
supply from the (Cumberland lakes. Messrs. Hemans and 
Hassard, however, propose to supply the metropolis and towns 
in the direct route to London, while Mr. Dale pronosed to 
convey the water to the populous districts of Yorkshire and 
Lancashire. The lakes from which tho water would be taken 
lie at a distance of 240 miles from London, and Messrs. Hemana 
and Ha^isard would provide for a daily supply of 2(M),000,000 
gallons for the metropolitan districts, with a further 50,000,000 
for Bale to diBtriets traversed by the aqueduct. 



The works on the Eastern side would commence with an 
intercepting conduit tapping the tributaries of the River Lowther, 
and running into an auxiliary reservoir at Swindale, hence by 
another conduit tapping the tributaries of tho Hawes water, and 
into this lake^ the surface of which would be raised 42 feet. 

Another intercepting conduit would carry tho water from 
the Hows Beck, Gill Beck, and Heltondalo "Beck streams into 
the Kawes water. The water from this lake would then follow 
the course of the River Lowther to a point about l\ miles 
south of Askham, where a third conduit is placed to convey the 
water into the River Eamout and the UUswater Lake. The 
waters of the Dae re Beck woidd also be conducted into the 
UUswater by means of an intercepting conduit. The waters of 
the Moaedalc Beck, Trout Beck, Barrow Beck, Watendlath and 
Coldbarrow Pblls, would all be intercepted by conduits and 
conveyed into Thirlmere. The waters of a further area of six 
square miles would also be conveyed by means of short inter- 
cepting conduits and a tunnel under Dunmail Raise Pass into 
Thirlmere, which would be raised 64 feet. 

A compensation reservoir would be ct^nstructed on St. John's 
Beck to receive the waters when Thirhnere is full ; such waters 
are to be given out as oompeoHation to mill-owners on the River 
Greta. The waters fiwm Thirhncre and UUswater would ha 
used for the supply of towns, the waters of the River Lowther 
being chiefly used for compensation. The water from Thirlmere 
would be conveyed by means of conduit and tunnel to UUswater, 
and from the latter the supply would bo conveyed by conduit 
and tunnel to Harrow, where a regulating reservoir would be 
constructed, at a distance of 12 miles from London, 

The total cost of this scheme, as estimated by Messrs. Hemans 
and Hassard, is £11,200,00*1. and the annual expenses £973,000, 
to meet which there would be a pn:>bable income of — 
From the sale of 50.000,000 gallons daUy 
to towns, &c., on the line ot aqueduct, at 

3d. per 1,000 gaUons £228,126 

Prom the sale of 30,000.000 of gallons daily 
in London for public and trading pur- 
poses, at 3d. per 1 ,<XX» gaUons 136,875 

From an average rat^ of lOd. in the pound 

on a property of £16,000,000 66M66 

'I 

£1,031,666 

There is also a scheme of Mr, Fulton's which is to be brought 
forward next session by the existing water companies, who 
doubtless are rt4uctant to reiinqui-ssh their large profits, and 
finding Mr. Fulton's estimate considerably below those pre- 
viously mentioned, seem inclined to support it. 

Mr. FuHon's plan resembles very much Mr. Bateman's, but 
the source is not sought for so far, as he proposes to take the 
supply from a Httle above Tewkesbury, to do which he must 
divert the sewage of all the towns above that point. And if this 
is impracticable, he would propose to take the water from the 
sources of the River Wye. In the latter case the estimate 
would be about Eve mUliona and a half, in the former only thre^ 
mUUons. 

Tliere is another snggestion, to which I have already referred, 
from Mr. Gower, with an estimate of £4,328,500, but this 
an^eara not likely to be adopted, as being only a partial remedy. 
This gentleman would not su])ply soft ^Titer for washing, but 
only for drinking purposes. But, as we have said, a great saving 
would be effected by the use of soft water for washing purposes, 
which would be a set-off against the increase in the original 
outlay, and we may feel certain that no scheme for the water i| 
Bunpfy of the metropolis will be adopted which does not supply 
soft: water and sol\: water only. 

The schemes for crossing the channel are even bolder than , 
those for the water supply of London. This ctmimtinieationyl 
however, is less important than the other great measures, whidl' 
are urgently called for as essential to the cleiinliness and well- 
being of the inhabitants of this vast metropolii ; it is, cxinise- 
quently, less likely of a speedy accomnlisbinent, and I shall 
therefore allude but briefly to the several plans suggested. In 
the beginning of the present century, before the time of railways, 
a French engineer, Mr. Mathieu. proposed a tunnel which wai 
designed for ordinary traffic, and was to be lighted by lamp 
Among the many other plans suljsequently proposed, oue of tJ 
boldest is that l^y M. A. Thome de Gamond. He would connect' 
Eastware, near Dover, with Cape Grisney, at an estimated cost 
of seven miUions, Hit idea mcludes the conatruction of 



in 

"a 

nect^^ 
cost I 
r an \ 



332 



THE CIVIL ENGINEER AITD AECHITECT'S JOUENAL. 



{NtfwwtAw I| H09 ' 



isliind in Tnjd-channel, aUo 8xil)t«rranean upproachea to the eub- 
marine tunnel (that on the English &ide 3 J miles long, that ou 
the French side 6 miles long), and two large shaflt^ at either end 
of the aubmarine tunnel, an immense tower being also prorided 
for access to the island, and for ventilation in the central part of 
the tunnel. This scheme was brought forward by M* Gamond 
about nine yeara ago, and since then the question seems to have 
lieen but little mooted until last year, when Mr, George 
HemiDgton made the necessary surveys for laying down a line 
between Dungeuess and Cape Grianey. This route was chosen 
by Mr. Eemington as avoiding the chalk, which, from his expe- 
nence, would render futile any attempt to tunnel between Dover 
and the French shore. So far, however, aa that point is con- 
cerned, it would, in my opinion, be quite possible to tunnel 
between those points, and I see no groat advantages in the route 
guggestcd by Mr, Eemington aa compared with the Dover route, 
for the object is not to connect England with Prance alone, but 
with the whole continent. As regards the approaches, Dunpe- 
ness, firom its lower level, would be probably more suitable, and 
the less amount of water in this route is also a decided advan- 
tage. I am not aware that the estimates of Messrs. Kemington 
and Hawksliaw are definitely given, but they woukl prc»bably be 
about 10 millions. Mr. Eemington proposes to construct three 
ihaftA, one at Dungeness, one on the ridge which is crossed by 
his line in mid-channel, and the third at Cape Grisney, in 
France, 

For the constniction of the tunnel, temporary shafts of 
wri^ught iron would be used, and the tunnel would be made 
suBieiently wide fur two lines of railway, two smaller tanneU 
being j>rovided for ventilation, Sec, There is not published suf- 
Ecicnt information concerning Mr. Hawltshaw's tunnel to allow 
roe to give a full description, out we shall doubtless before long 
have complete details, not only of the route to be tiiken, but of 
the construction of the Channel !R ail way, according to the designs 
by this eminent engineer. A bridge across the channel is also 
laid to be suggested by Mr. McCleant but of this I can say 
little. It would, if completed, be mort* acceptable tbon a tunnel, 
but the expense would probably be nearly double. Pending the 
execution of these gigantic imdertakings, Mr. Fowler's Channel 
Ferry is the readiest remedy, and might be used in the mean- 
time. 

Military engineering now becomes a part of the civil engineer*9 
education, and the successful progress in the manufacture of 
large artillery nmkes it a matter alike interesting and important, 
interesting on account of the great experience it gives in the 
manufacture and manipulation of the largest masses of metal, 
end of the utmost importance, not only because artiDcry forms 
the vital strength of our national defences, but also because wo 
are sadly forced to admit that, notwithstanding all her expendi- 
ture, England is now, in this respect, behind two, if not three, 
other Europcnn nations, and these the nations from whom she 
would always have most to fear. 

The Americans, without doubt, are far ahead of us in the si^e 
of their naval artillery. The Eodman gun, 'with wbicli many 
of their IMonitors are armed, could only be success^fully op- 
posed by our 60O-pounders, of which we hare the good fortune 
to possess an unHinited supply in the two disabled specimens, 
*• Big Will " and his brother, and a prospect of six or a dozen 
others to bear them company in their misfortune. The French 
are also nnanimousfy in favour of heavy pjuns for their fleet, the 
ironclad portion of which we must allow to be cased witli much 
thicker metal than our own ironclads. They have 18 vessels 
with a 6-ineh coating, and 7 with 8-ineli coating, against 3 vessels 
of oura, with 6-inch and 1 with an 8-inch coating. The French 
seem also to have adopted the plan of casting tlieir large giLn<^, 
and have apparently succeeded in making guns capable of 
throwing 150 or 300lb. shot. 

The largest cast gun at present employed in the English navy 
is the Somerset lOO-pounffc'r. the Woolwich authorities seeming 
to be bent upon making larger guns, according to some one or 
more of the built-up processes. The Armstrong has been for 
some years the favourite at Woolwich, but, owing toita numerous 
failures, this Beems about t-o be finally abandoned for some other 
method, and it m to be hoped, for llie sake of England's purse, 
credit, and power, ibat better success will attend the effoHs of 
the present Government than we have recently seen achieved in 
Ms df^pArtnienU ss they succeed to their wort invigorated by a 
J2"^ ^^^^ *^^ Jippoj^e. Perlmpn the principal methods of con- 
before the Engh^h public, and whicb may \)« 



briefly mentioned, are (in addition to the well-known Armstronj 
the Btakely, the Fraser, the Maekay, the Whitworth, the Pahssc^ 
the Parsons, the new Woolwich, the Ericcaon, the LongridgCt 
the Ames, the Krupp, and the non- recoil gun. 

The Blakely system (which includes the Armstrong, Fnuei 
and new Woolwich) is, as is well known, founded on the princip! 
of strengthening guns or tubes by means of hoops or rin|,. 
shrunk on so aa to give an external tension and an internal com* 
pression to the mati-rial. The Fraser, Armstrong, and Wool 
wich guns iliffer from the Blakely merely in the construction 
the hoops, or the mode of putting them on, so as to include tl 
breech. 

The FalUser and Parsons guns are constructed on a ne^ 
principle, and have for their chief object the making use of tl 
existing stock of old guns. In these systems a steel tube 
inserted into the bore, and it need not be said that to do t 
requires the most ca,reftil workmanship, or very uncertain resull 
will be obtained. The Maekay gun, like the Whitworth, is tn 
so much a novel constnictioft of gun as a new meth«>d of ri:** 
but the principles of the two systems arc exactly opposite. 

The Whitworth* aiming at tight, close-fitting shot, would 
require to be made according to one of the above-mentioned 
methods if made of a large calibre, while the Maekay, having s 
very great amount of windage, allows Engbsh giuipowder to ad 
similarly to the slow-buming powder used by the Chinese, and 

?irobably by the Anieriams. for it is scarcely likely that the 
iodman cast guns would stand a full charge ol* English powder. 

The Maekay guu principle, then, is suitable for guns tiirow*; 
ing heavy shot, and such guns, on account of the rotation givi 

to the «hi>t, would excel the Rodman or Somerset smooth * 

not only in point of accuracy, but also in durability, if strengi 
on the Blakely system. The Ames gun is purtdy a wi 
iron gun, macfe by welding together in succession rin^s or 
8e<itions of the gun, and possesses no advantage of initial tensii 
but merely of material. As might be expeeted, it yield? beyoi 
the limit of elasticity, so as to become permanently enlargeu. 

The plan which has been proposed of inserting a steel tu 
into the bore wo\dd probably prolong the life of such a gun, b< 
it would thus beixime a most costly article, and scarocly 
difficult to make tlian the east steel guns of Knipp. 

There are two other methods of strengthening a tube to foi 
a gun. One is the Kriccson method, which consists in fore 
on to the conical tube discs of iron or steel ; but here again, 
in the Blakely, there must be most careful workmanship, othei 
wise no satislaetiiiry results can be anticipated. The other pj" 
is an old ttne as regard'^ the time of being patented* and has i 
yet received the attt^ntion it deserves ; 1 allude to the w 
system of Mr. Lon^ridge. This, in fact, is the same as \ 
iJlakely system, earned almost to jierfeetion as regards the nui 
ber of rings or hoops, but without its disadvantage of reqi 
great accuracy of work. In fact, in the wire system a gun 
be made of almost unlimited size or strength, and tliat> n 
over, at very much less cost than on any of the other systei 
The limit to the size is not the dit!iculty of manufactuiTt?, but 
mere question of facility of use. In this system, where the i 
is wound with a calculated tension ou a rough, light carSting 
steel or iron, a gun can be made with all the advantages of ' 
for the interior, and of steel wire* the very strongcsr 
known, for the outer |>orti on. and the gun is made in i 
manner by T^-inding on the wire. This i^ the cht*npe*t r.»i 
gun ; the cost, for instance of a 600-pounder on the Wo 
system is Cl/XHl, while the same sized and more effectir< 
constructed on the Longridge system would cost about 
or £*l,tHM*. If this system were applied to the rHm-r.-iitn 
I think we should have a more efieetive and cIj 
any at present in use. The question of breeeli _. ^mall^ 

arms is also one of great interest to the engineer* as it w 
question of the best mechanicul means to aeiv^uinliwh a defimi 
end, and here again the Americans have gone ahead of us, 
there is little doubt that as eflective weapons the Speo< 
Henry and other r(*|)eatcrs must be superior to a atmple bi 
loader hke the Snider. 

The Atlantic Telegraph now forms the grandest of eonneetbif 
links between the old and new worlds. The laying of the €9k& 
of 1857, commenced on the 6th Aupust, whf 
started from \'alentia. and on the 6tii day, A 
cable parted in 2,tXKJ fathoms. It was. however, 
a similar cable the next year, and, according 
I'^^S, l\ic Agamemnon and ^ij 
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trip to the Bay of Biscay, their object beiag to ascertain the 

Smeticabilitj of Bplicing and submerging the cable in mid ocean, 
'he experiments were made in 2,500 tathoma* and having been 
■uccesaful, the expedition left England on the 10th June, 1858, 
and the splice was made in raid ocean on the 26th of Jnne, but 
on the same day, after paying out 2a miles, the cable broke in 
the machinery, and the splice had again to be made ; the laying 
out progressed favorably uutO the following day, when the coq- 
tiniutj ceased, and on an attempt being made to wind in, the 
cable Ibroke, and 42 miles of it were lost. 

Ob June 28th, a third attempt was made, and after paying 
out 143 mile a 230 fathoms, the cable again broke close to the 
stem of the Agamt^mnon, and the Tessels then returned to 
Enjeland, 

On the 17th July^. the vessels left England, and after some 
little delay in meeting at the rendezvous, on the 29th the work 
of papDg out commenced ; after ten hours paying out the con- 
tinnity partially ceased, but only for a time ; on the return of 
Oondnuity the paying out was continued until the eighth day, 
August 6th, when the cable was landed in Trinity Bay, and waa 
in partial working order until Sept<?mber 1st ; on that dnr, how- 
ever, it Anally ceased to transmit the shghtest sigtml. The last 
message sent from Yalcntia to ^Newfoundland was, "Please 
inform American Government wc are now in a position to do 
best to forward their Govermnent messages to England.'* The 
message was sent correctly as far as the word ** forward," but 
that wa» the last word ever transmitted through the cable. 
The total number of letters which were sent from August 10th 
to September l8t» was 21,220. The core of this cable consisted 
of seven copper wires, surrounded by three coats of gutta pcrcha, 
then six strands of yam, and, lastly, eighteen strands ot ^"o. 7 
iron wire* 

Great improvements have ainee been made in the construction 
of the cable. The conductor, this year, is the ^ame as it was in 
1865, that is to say, seven wires imbedded in Chattertvin^a com- 
pound. The insulator is also the stune as in 18H5, four layers of 
gutta percha» interhiid with four of Chatt<?rton's compound. 
The core was protected in 1865 by tin wires, No. 13 gauge, 
each wire surrounded b^ five strands of Manilla yarn, aod the 
irhole wound in spiral form round the core, the latter being 
padded with jute yam, wliicli as weU as tlie Manilla yam, waa 
saturated with preservative mLsture. In 1866, the same 
method has been adopted, but white Manilla yam has been used, 
and, in place of jute yarn, ordinary hemp- 

The oreaking strums in 1866 was 8 tons 2 cwts,, or 12 times 
its weight in water per knot, as against 11 times in 1866. and 
less than 5 times in 1858. The means of t^»sting the perfect 
stat'C of the wires has also been brought to much greater 
perfection » 

The success which has at last crowned the bold undertaking 
IS a cause of sincere congratulation, and the raiding of the 1805 
cable has formed a double LTown for the reward ol periievcring 
labour ; but wc mu^t not rest here, but enquire whether therts 
are not still imperfections in both cables, which can be remedied 
in the future. 

The use of a lighter, and therefore a comparatively stronger 
cable, seems strongly urged by our experience gained in these 
late efibrts ; such, for instance, as that advocated by Mr. Allan, 
which has a weight of 8 J cwt. per mile, as against 31 cwt, per 
mile, the weight of the present one. In water the diiferenco 
is still more striking, tlie former weighing 2J cwt. against 
14} cwt,, the weight of the latter per mile; so that in rainmg to 
the surface the strain upon the grappling wire, instead of being 
for 9 mOes of suspended cable a tension of 9 times 14} cwts., or 
nearly 7 tons, would be only li tons. The raising of a cable on 
Allan s system would therefore be much easier, the cable itself 
more durable in deep water, and the laying infinitivcly sater, and 
if we contmue to apply our thought and experience in this 
direction we shall hare in a very few years tlie bcnetit of deep 
sea cables kid throughout the ocean with almost a^ much 
facility as they are laitl in shnUow water. 

Another subject which mil probably claim the attention of 
Engineers is the growing science of oei'onautics, which, by means 
of the ^roDflutical Society, seems likely to take a firm hold 
upon the public. Hen* young and old are alike ineiperieneed, 
and consequent mn an equal race in endeavouring to construct 
ft juachine i^hich shiiU 1)e lor the air what the locomotive is for 
the hindt and the steamboat for the sea* 

In f eforence to the works completed they are so numerous as 



to allow a very brief allusion to the most important only. Tho 
connecting link between the London Chatham and Dover 
Kailway and the Metropolitan hat been completed, by the 
opening for traflic of the Blackfriars Eailway Bridge, and the 
Ludgate Hill is now continuaUy crossed by railway carriages, 
lliis line places the railways north and south of the Thames in 
direct communication. 

During the past session manv important additions to the 
metropontan and other lines have been sanctioned by Parliament, 
one ol the most important being the new line to Erighton, which 
had such a hard stmggle in tho committee rooms of the Lords 
and Commons. Many new pneumatic tubes have been or are 
being laid down, and this system bids fair to become much more 
generaDy adopted, as it enables metropolitan lines to be laid 
with greater economy, as well as to be worked by a much 
smaller rolling stock ; indeed, with httle more than actually 
necessary for carrying tho passengers or goods, whereas the 
heav^y locomotives at present in vogue serve rather to draw tlie 
heavy carriages than the passengers or goods which they contain. 
The Tliames Embankment has ocen vigorously pushecf forward, 
and already many portions of what will be a very Imndsomo 
wall are unveiled to pubbc view. On tho south side the 
foundations of the new St. Thomas's Hospital are being laid, 
and this structure, when finished, wiQ form a handsome vis aijit 
to the houses of Parliament. The Cannon Street Station was 
opened to the public on the 1st September, but the line from 
Charing Cross to Cannon Street can hardly yet be said to have 
got into working order. The Andening of \ ictoria Bridge lias 
been comnleted from the designs of Sir Chaxles Fox. The 
Inner Circle, part of which will run along the Thames Embank- 
ment is rapidly progressing. 

Among the important engineering events of the past year ia 
the launch of the I^orthimiberland, upwards of 9,000 tons in 
weight, aft^r three unsuccessful attempts. 

One of the great works of the day, the Forth Bridge, seems 
to have come to a standstill ; and many of the railway companies, 
oi^nng to a complication of unfortunate events, are at present in 
a very shaky stat^. The fact seems to be that while Llie majority 
of engineers have been endeavouring to lessen the prime cost of 
railways by the adoption of the locomotive to steep inclines, 
some others have constructed lines in the metro|>olis at such 
enormous cost, as to render it impossible that they should yield 
adequate returns for some time to come. The general body of 
contractors and engineers have thus received the blame which 
belongs only to a tow of their number, but much more blame is 
to be attached to those who have made it a neeessity for the 
constructors of railways to obtain loans at enormous rates of 
int^rc.Nt. 

In rejecting upon the difficulties attending the execution of 
these enormous uudertakinga, it becomes an important question 
whether it would not be well for the engineer to subdivide 
oftener the large works placed under his control, so as to remove 
the necessity for the acquisition of the limitless tackle and im- 
plements, which at present consume the capital and hamper the 
operations of the contractor. 



THE ASSOCIATION FOB THE PEEYENTION OF 
STEAJVI BOHJiB EXPLOSIONS. 

Tub last monthly meeting of the committee of this Associa- 
tion was held in Manchester, on the 25th September. William 
Fairbaim, C.E., President, in the chair, when Mr. Fletcher, 
chief engineer, presented his report, which on that occasion was 
for two months, since the committee meetiu|^ for August had 
been postponed. Of this report the folloT^i ng is an abstra^ : — 

During tlie last two months 568 engine a and 834 boilers 
have been examined, as well as four of the latter tested by 
hydraulic pressure. Of the boiler examinations, 584 have been 
Exteraal, 21 Internal, and 229 Entire. In the boilers examined 
225 defects have been discovered, 10 of those being dangerous. 

Injury to Fuilsack C bowks, — This occurred to a double 
furnace boiler, and was due to the negUgence of the watchman, 
as most of such cases are. He was gettmg up steam at five 
o'clock on Monday morning, when he filled tho boiler brimful 
of water, steam pipes included, and, being alarmed at what he 
had done, went to call the engineer. Before doing si>, however, 
he had opened the blow-out tap, which he either forgot or could 
not shut, 80 that the water was rapidly pouring from the boiler 
81 
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all the wbik, with two brisk fires in the furnaces at the same 
time. Wben the engineer arrived tbc boiler was empty, thcs 
fires buniing brightly, anil tbc plates of both fiirn&c*^s overbcat^^d 
and »erioii»lj <lrawn out of sliape, while, in addition, tbe shell 
of the boiler was rendered ho hot, that a pieee of wood Ipng ou 
it waa set on liri^ The eommunii^tion of the beat t mm the 
funiaecs to tbe shell is an inte re fating fact ; and in another case 
met with »oine time since, in which a fire was put int^i a boiler 
mthout water, similar results followed, and not only were the 
funmee crowns injured, but the shell of the boder strained. It 
has frequently been recomnK^nded that the ojienings in lioilerfl, 
both for the teed inlet aud blow-out * should be above tbe level 
of the funiaee erowns, and the adoption of this in tbe present 
instance would have saved them from injury. The boiler was 
fitte<l with a scumming apparatus, but the outlet wa^ carried 
down to the bottom of the shell, whereas had it been at the 
surface of tbe water, although the watchman bad left it open 
Uie funmee crowns could not have been laid bare. It is true 
that there must be a tap or valve at the bottom of a boiler for 
conveuicnee in wa:ihing out and emptying, but this sboidd bo 
entrusted solely to the care of the engineer, and tbe spanner 
Icept under lock and key. Were tliin simple sui^;^ostion generally 
carried out, the expense and annoyance of injury to furnace 
crowns through watchmen carelessly emptying uoilers would be 
prf^vented. 

FnArTURR.— -One of these cases occurred at the bottom of 
an externally-fired l>oiler immediately over the funiace, the 
overlap of tour of the ring seams being cracked through from 
tlie nvet holes to the edge of the plate, aud tin's not at a few 
hole*r at a distance one from the other, but at a considerable 
number consecutively, so that the strength of tbe plates was 
seriously reduced. This boder was stayed longitudinally by a 
flue tube running through it from encl to end, wliieb reduced 
the strain upm these seams of rivets, so that no seriouH nipttire 
oeeurred. In tbe plain cylindrical egg-ended boiler there is no 
longitudinal stay, aud hence, when the transverse seams give 
way, tbe shell tears in halves. This case is an illush-:*ttou of 
tbe tendency of ertemally-tircd boders t<j fail at tbe ring seams 
of rivets, and, at the aame time, of the adviinLage of Imving a 
longitudinal tie from end to end. 

External Cob bosion.— This case wna met with at the 
bottom of a two-flued boiler, 7 ft. in diameter, and set on a mid- 
feather wall 10 inches wide. The corrosion extended from one 
end of tbe boiler to the other, just where the plates rested on 
the brickwork, and the inspector easdy knocked a hole thn>ugb 
them, and found the tliickness not to exceed one-sixteentli of an 
inch. This shows the obieetion to setting boilers of so large a 
diameter on midfeatlier walls, and the unportanoe in those eases 
in which they art* retained of ploughing out tbe brickwork where 
the transverse seams of rivets rest upon it, so that the condition 
of the plates may be seen at each inspection. The necessity of 
a salistrictory examination of this boiler had been for sonje time 
Dressed upon the o^vner, and it will be seen that explosion was 
out narrowly escaped. 

Defective SAFErY-VALVE.— The valve referred to was 
efFeetually held down by some machinery, temporarily stored 
overltbe boiler, which, slipping out of place, rest-edupon the lever 
and bent it out of shape. Such a case as this is but rarely met 
with in the boilers under inspection; but, nevertheless, it Jihows 
the value of a duplicate safety-valve. 

In addition to thcaboTca dangerously Defbctive Manhole 
may be referred to. This mimhole was unguarded, and fitted 
with the ordinar}' internal cover, secured with suspension bolts 
and bridges, though in a boiler 8 feet in diameter, made of plates 
three-eighths of an inch in thickness, and worked at a pressure 
of 'IDlb. on tbe square inch. The edge of tbe plate at one side 
of tlu* hole was so rotten from corrosion, that the inspector made 
a breach in it \rith a band chisel alone ; in addition to which the 
plate at the edge of the oiKfdiig was buckled by the pressure of 
the bridges, and just eommencmg to rend. It appeared to need 
but a slight additional strain, such as might be given it from an 
extra turn of tbe nuts, to force the cover completely through the 
hole, and thus lead to tbe exjdosion of the boiler' as in aeveral 
«imdar cases lately reported. On the danger being pcnnted out. 
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it was at once arranged tlmt this XDanhoIe «ttould be streogthened 

with a mouthpiece ri vetted to the plates. 

Explosions. — The Engineer reports that eleven explosions 
have occurred since the last return, by which *23 persons wer»j 
killed, as well as 29 others injured. The details of tliree of^ 
these explonions are given. They are of considerable inlefostj 
and will confirm the view that steam boilers do not expW 
trom some mysterious causa that cannot be grapplc^d wit] 
but either from neglect in their constructioa or aub«pquett 
working- 
No. 35 explosion was due to the gross mal-constmetion 
the boiler, and resulted in the death of two persons and serioa 
injury to seven others. It oeiiurred at about half-past seve 
o*cloek on the morning of Saturday, July 28th, at a c^illiery. t 
one of two buder^ which had but just been laid down for dnrin| 
a new engine. They were not under the injipection of this Aa» 
ciation. 

The boiler was of horizontal cylindrical (sonstruction, per- 
fectly flat at the front end, and hemispherical at the back 
having within it a friugle borse-sh*x^ shaped tlue, both €»nds r 
which were attached to the flat plat^* at the front* It was inK^fi 
nally fired, and hnd no external brickweirk flues, tlie fur 
being plae4?d in the let\ hand leg of tbe horse- shcx?, and the i 
ney at the end oi' the right, so that the flames merely paai 
one leg of the horsc-shoc and down the other before eHc:ac 
tbe eliinmey, which was made of wrought-iron, and plantc-C 
a »moke box attached directly to the front end plate of the I 
The length of the boik'r was about ^6 feet, and the di 
9 feet in the shell, 3 feet 3 inches in the leg of the hor 
that contained the furnace, and 2 feet 6 inches in tbe retu 
while the thickness of the metal was gevcn-flixteeulh« to 
eighths of an inch tliroughout, with the exception of the fiat ] 
at the front of the boiler, which was fully naif aji Inch, 
were two safety-valves loaded to 35lb. on the &o - ' 
at the moment of explosion the jpressure waw a 
excess of this, in ctmsequence oi tho steam bluv.iL.s> vn 
while the engine was standing. 

The boiler burst at the flat plato at the front end, whid 
tore away completely from the shell, rending th<» oonoce ^ 
angle iron through the rtxit. The shell of the U>iler wti<t ilir 
northwards to a distance of about SO yards, and the ' 
tube as far in an opposite direction, passing in its flii^hi 
pithead gear and a ranjSfe of four boilers, thret> of whieh had 
steam up at the time, driving another colliery engine. Tldi 
horse-shoe flue, which was* about fl3 feet long and werghini 
about four tons, struck the ground just where the man in euari^e 
of this (*ngine had been standing but a moment before. luiTing 
run behina Ids engine-house for shelter on hearing tJje frport 
of the explosion. Had the flue fallen t4j the grouiid a fei^ TlmI 
short of the di-stance it did, it would have pitched into the r;ir>-ii 
of boilers just referred to, and, since they had steam Uj*. «..* 
must ineritably have led to another exnlosion. One or them 
was struck by the funnel of the exploded boder; but. as it wat 
merely a light one, being made of sheet iron, no miscbi^'f resultrJ. 
The roof of the engine-house adjoining the exploded iMiihr, 
however, was brought down, as well as the side wall i< i i » 
ix)rtion of both end ones, the engineer to the coUiery i i : 
ouried in the ruins, though, fortunately, not killed -, 
fireman who was attending to the furnaces wa,s liter 
to pieces, and the engineman thrown against the fen* 
the pit's mouth, and would have fallen down the sli 
not oeen guarded. The boiler alongside was lifte^i 
seat, and bloMTi to a distance of about ^O yards, whtT*' : 
on a public roadway, and had one of its plat^^s staved lu b 
fall. This boder waa not completed, and ^tq men and i i v 
were engaged upon it at the moment of explo.^fion. Thn • • 
them were working outside, and of these one was killeii,aii«i 
other two seriously scalded and bntised; while two b. ! :- 
makers and a boy at work inside were carried away wjrli ui 
boiler and rolled over in it, all three being cut and bruised, tJit 
of them very seriously. 

There carjnot be the slightest doubt as to the cau^o of ihi« 
explosion. The boder was defective both in de.-^ign and w eI- 
manship. In boilers made with horse -shoe shaped fiucN, lii- 
ends do not receive any support, a^ they do in those of Lanca- 
shire and Cornish construction, from the flue fnbt^ hitt i* '; 
directly throu^h the shell, and thus not only tyiii 
securety together, but at tlie same time mat^i 
the amoimt of pressure on them bj reducing the area ga wiud^ 
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the Bte&m acts. It is imperative, tlierefore, that tlie horse-slioe 
.ped flue should be secured to the shell by substantia! staja, 

hich, however, in the present instance bad not been done, and 
the omission was fatal. The fine tube was merely supported on 
cradleH, and uot bound by atiy lon^tudinal stay to the shell, 
while the mode of stitlemni; the flat plate at the front end was 
most defective. There were tive gusset stays alwTe tlii' furaaee, 
but these were of the roughest workmauahip* Tliey did rji>t run 
back for more thnn 2 feet» and were attached to the cjlnjdricnl 
portion of tlie mIu^II with but tliree rivets, from which, as migbt 
nave been expected, they tore away. Below the furnace month 
tile re was no gusset stay at all, while the plate was weakened by 
a maiilifihv which, as well as anotluT in the cylindrical part of 
the shell, was not strenjTthened by any mouthpiece. Added to 
this, the angle-iron attaching the front end plate to the shell, 
was not welded up into an entire ring, as it should have been, 
l:mt was in four separate pieces, connected by common jump 
joints. 

This boiler, which bad not worked four days before it burst, 
wa» designed by the engineer to the eollicr>% and made ou the 
spot by their own iikui, aw well as the one aloug!*idL\ which was 
of very similar and equally dangerous constniction, and would 
inevitably have exploded in the st»mc way as the other liad done 
on being set to work. The cnno is altogether one of the moat 
glaring mismanagement, and the lives of the poor men who 
were kdled have simply been lojtt through the mat -con at ruction 
of the boUcr, the design and workmanship of which were alike 
defective. 

^V». 39 Exjilosinn occurred at a quarter-past nine o'clock on 
the morning of Wednesday, August 22ud, to a boiler on bt>ard 
a screw steam yacht. lu^t uudiT the inHpoetion of this Associa- 
tion. The yacht had been ortlcred on a cruise, and was just 
moving out' of the dock in which i^lie bad been l^nnj?. when her 
boiler exploded, killing three persons, as well as injuring fivo 
crthers, and seriously damaging the vcsseh The engineer was 
blown overbfMird. and halfway across tlie basin into the wntc>r, 
whence his lifeless twdy was extricated by drags about an hour 
afterwards. His wife and another woman on board at tiie time 
were both killed, the body of the former being blown to ibo 
north end of the lock end her head to the south, while the latter 
was picked tip dead in the forecastle. The vessel was gutted, 
the deck torn up, the engine, the tunnel, as well as the masts 
and rigging, blown overboard, and pieces of the wreck scattered 
about the quay in every direction, the boiler being hurled across 
the hsLsin ana thrown to the grvmnd at a distance of 60 to 8t) 
yards, passing over the stem of the vessel in its flight, and a 
little to the port side of the liclm ; while the end plate of the 
boiler, which divided into two pieces, tlcw in the opposite direc- 
tion, one part being caught in tne forecastle, and the other pro- 
bably falling into the water, as it could not afterwards be found. 

The boiler, which was a nc*w one, liaving been put on board 
in January last, and only worked for a few short trips since then, 
was of the multitubular marine type, being internally fired, 
and the furnaces, of which there were two, running into a flame 
chajuber at the back of the Iwiler, connected to the smoke Ixiac 
at the front by a number of small return tlue tubes passing over 
the fiimnce crowns. The shape of the shell was that of a short 
horizontal cylinder, flat at both ends, having a diameter of 6 feet 
6 inches, and a length of 5 ffct 9 inches. It was worked at a 
prt*ssure of 60 lb. on the squiire inch, and had bcon proved 
before leaving the maker's yard up to 120 lb. by hydraulic 
jpres!<ure. The flat plate at the back of the boiler was' flanged 
At its entire circumft rence for attachment to the shell, and eon- 
gisted of two piecea joined together by a seam of rivets running 
in a horizcmtal direction, as nearly as may be through the centre 
of the circle, the plat<? being half an inch thick, and Btyeujgthened 
with Cijpper stays seven-eighths of an inch in diamtrter. about 
5 or 6 inches long, screwed throughout, and spaced about 12 
tnciies apart from centre to centre, whichj passing thrtuigh the 
water space between the flame chamber and the shell o't the 
boiler, were screwed through the two plates and rivetted over at 
the ends, ju«t as in the flat sides of a locomotive fire-lx*x. 

It was at this end plate that the boiler gave way, tearing 
round its entire circtimlercnce tbrtrngh the root of ttie flanging, 
drawing one of the copper stays through the plate, and pidling 
the others asunder, while, in addition, the plate dlvidea at the 
loujgittubiud seams of rivets. 

Two causes combined to produce this explosion i One, undue 
pressure of steam; the other, weakness of tho boiler. The 
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undue pressure of the steam was due to the defective condition 
of the safety-valve, which was of lever constructioD, held down 
by a Salter's spring balance. I am not able to swakof the con- 
dition of the safety-valve from a personal 4'xammation, since it 
had been taken to pieces betbre I saw it ; but the captain of the 
yacht stated at thi- inquest that ihv engineer was in the habit of 
raising the lever of the safety-valve by hand, because it used to 
stick, and that he had done this about five minutes brd'ore the 
explosion ; while a master boiler maker, who made an oflicial 
investigation at the order of the coroner, r(»port4?d that he dUl 
not find thr valve in free working order; and this was corro- 
borated by the maker of the boih^r, who examined it but half on 
hour after the explosion hnd occurred. It was a serious defect 
iu the eouipmcTd of this boiler that there was but one safety- 
valve, whereas there should always be a duplicute. A Si'lecl 
Committee of the House of Commons, appoinied in the year 
1817, to consider the best means for preveutmg the explosion of 
boilers on board steam vessels, recomniendf d * that everj such 
boiler should be provided with two suJfjcient safety valves; * 
while this recommendation was repeated in America, in the year 
1836, by a committee of the Franklin Institute, * appointed to 
examine into the causes of the explosions of boilers used on 
board steamboats,' and the Board of Trade now. enforce tliat no 
British steam vessel shall carry pasKfugers unless this condition 
be complied with. Had the hoiler under consideration been ou 
board a passenger vessel msttad of a gentleman's pleasure 
yacht, it would not have been aflowcd to put to sea equipped &n 
it was with but one safety-valve. Tlie otlicr cause of the eiplo- 
eion— viz., tJie weakness of the boiler — was due to the insutficient 
staying of the thit rnd pliitt*. These stays being spact-d 12 iuches 
apart, woidd, with steam at a pressure ot" flJlb. on the sqiuire inch, 
be subjected to a strain of nearly four tons each, which. — ^sincc 
they were made of eop|H'r, and only seven -cightlts of an inch in 
diameter at the outside of the thread — was dangerously near to 
their ultimate strength, and allowed but little margin cither for 
indirect strains being thrown upon them through the working of 
the buih-r or for Jkws in the metal, so that to rend these stays 
asunder there was required but a slight ad«htion to the ordinary 
working pressure of the steam, and this appears to have been 
produced by the sticking of the safety-valve referred to above. 
These stays shoidd either have been more numerouH ur larger in 
dianu-'ter ; but as it was they were insuthcient, and the explosion 
is attributed to the combined defects in the equipment and con- 
struction of the boiler. 

Ko. 45 explosion han excited considerable interest from the 
fact of its having occurred at one of Her Majesty's dockyards. 
It tfHik place at about half-past seven on the morning ot' Friday, 
September the 7th, and resulted in the death of two persons, 
as well as in injury to thrte others. 

I visited the scene of the catastrophe a few days after the 
es plosion had occurred, and received every assistance from the 
authorities of the dockyard in making my examination. lam 
the more desirous to acknowledge the courtesy I received from 
thrsc gentlemen since I find myself compelled to take a very 
ditferent view of the cause of the explosion than that which I 
understood they entertained themselves. 

The boik*r, which was not under the inspection of this Asuo- 
citttion, was the leffc luiod one o^ two set aide by side, both of 
the Lancashire type, with two cylindrical furrmee tutws ruiuiing 
through them from cn<l to end, their length being 21 feet, and 
their diameter 7 feet 4 inches in the shell, and 2 feet 9 inches in 
the internal tubes, wliile the thickness of the plates was three- 
eighths of an inch in the fonucr, and seven-sixteenths in the 
latter. ITie boilers were set upon side walls, and each of them 
had two open lever safety-valves, 4 inches and seven-eighths in 
diameter, loaded by a weight to a pressure of about 561b» per 
square inck From this it will be seen that the boiler was of n 
safe class, and not worked at an excessive pressure. 

** The maoner in which the boiler was rent was somewhat 
complicated, and resulted in its entire destruction. It was se- 
parated into four main fragments, the furnace tubes, although 
not rent thcmsdvcK, being torn away from the remainder of tlit* 
boiler, along with the back end ]>late to wldch they remaLned 
attached; while the cylinrlrical portion of the shell was divided 
into three irrt-gular bchs, two uf which wore op**u<'d otit nearly 
flat. The primary rent appears to have Vu'en a longitudinal one, 
about 4 l>ct 6 inches in length, and to have ex- cur red at the bot- 
tom of the shell, and at the back end, a little to the right hand 
of the centre or keel line, and close to one of the side walls ou 
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which the boiler was seftted. Thit primary longitudinal rent, 
iher running across two widths of plate, ansumed a ciream- 
ferential direction, and extended completely round the shell in 
an irregular and jagged line, passing in many place* through the 
folid metal, and starting in its course other'rents, which resulted 
in dividing the boiler into the fragments already deacribed. All 
of these were thrown (rom their origimil poaitiozi, and the twin 
boiler alongside blown from its seat. 

At the mquiry into the cause of the explosion, conducted 
before the coroner, evidence was given by tiiree sdentifio wit- 
nesses, as well as by two boiler makers engaged at the dockyard, 
all of whom unanimously attributed the explosion to shortness 
of water, supposing that the enginemaji had neglected his duty, 
and allowed the wat-er supply in the boiler to run short, and then 
suddenly readmitted it, when an excessive and uncontn^lable 

f res sure of steam had been generated, which burst the boiler. 
n consequence of this evidence the jurv concluded that * the 
deaths of the deceased were caused by the accidental explosion 
of a boiler, and that such explosion resulted from an insiimcient 
fupniy of water in the said Iwiler/ Thus the onus of the 
explosion was thrown upon the engineman who had been 

My own examination led to a different result. Had short* 
neii of water occurred with steam at the pressure at which this 
boiler was worked, viz., 651b., the furnace crowns would certainly 
have bulpcd down, and in a short time have rent, whereas they 
still retain their original shape uninjured, and are covered with 
a slight cake of incrustation, while the seams of rivets are not 
opened. The general character of the explosion was altogether 
different from those which occur to this dasi of boiler from 
shortness of water. In this the shell was rent and not the fur- 
nace tubes, in tlioae the furnace tubes are rent and not the shell. 
It is true that the left hand furnace tube was somewhat bulged 
down ; a fact to which much importance was attached at the 
eor(»ner's inquest, but this depression is clearly the effect of a 
blow from some jM>rtions of the building falling upon it, and not 
of overheating. It is situated some teet behind the firebridge, 
and thus nut at the hottest part of the tube ; in addition to 
which it is not directly on the crown, but a little on one side, 
while the imHre tube m slightly bent laterallv from end to end, 
the result L'vidcnfly of a blow of considerable force. It may also 
be mentioned that the bottom of the tube is bulged upwards, 
whicli could not possibly be due to overheating, but is an LUua- 
tration of the violence the tube had been subjected to subsequent 
to the explosion. These indentations, therefore, are regarded 
purely as effects of the explosion, and not as in any way 
oonnected with its cause. ITie consideration of these facta 
dearly shows that the explosion of»uld not have been due 
to shortness of water, so tnat the cause must be sought for 
elsewhere. 

On examining the fragments of the shell, I found that the 
plates at the Ijottom of the boiler at the back end, which wfts the 
part at which the primary rent occurred, were seriously wasted 
away by extenml corrosion, and it is to the thinning of theplatea 
from this cause that I attribute the explosion. This corrosion 
was so apparent that the thin plates must have been discovered 
in time to prevent the explosion on a competent and faithful due 
examination being made. Yet, one of tie boiler makers who 
gave evidence at the inquest, and occupied the post of super- 
intendent, his duty being to repair the boilers and inspect them 
when cleaned out, had carefully examined the exploded boiler 
but seven weeks before it burst, when he report<*d that it was * in 
a good working state ;' while another boiler maker—also witness 
at the incjuest— who had repaired it two years ago, was satisfied 
from the appearance of the exphxled boiler, that it was quite fit 
to do its duty at the moment it burst. Boilermakers clearly do 
not make good boiler inspectors. They may be perfectly com- 
petent to wield a hammer and make a «team-tight seam of rivets, 
but know little about the principles of boiler construction, or the 
power of steam. Nothing can show more forcibly the necessity 
of independent pt^riodieal iuspeetion by men trained for the special 
work and accustomed to it by daily practice. 

In eonchisi*:/!!, this exploKion was not due to shortness of 
water, through the neglect of the engineman, who was the victim 
of the disaster and not it^ cause, but was attributable to the 
weakened condilion of the boiler, through thinning of the plates 
by external corrosion, which might have been detected in time 
to Iiitro prevented the explosion by competent inspection. 
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TiTEEB are few subjects which afford more varied and 
interesting questions for consideration than the grow+h And 
development of railways. Whether viewed with re^ 
general influence which they exert on the commerce 
or their beneficial effect in T^romoting the introductMu .>t i 
provcraenta in machinery ana manufactures, they cannot fail 
present abundant matter for examination and reflection. N 
can an outline of their progress within fixed territorial liuiits 
without some ralue, m furnishing and grouping ti. ' *^ - * 
elements of infonnation, wliich may aid in the fc i 
correct opinions, as to tho advantages and defects v^. .^,.. 
iystems. 

It is in this latter respect that 6«nnany has been selected as 
the field of investigation for this paper, since, although in the 
first instance railways were there adopted with reserve and 
caution, their construction was aften^araa prosecuted with con« 
siderable steadiness of purpose, and with but slight fluctnationt 
in the regularity of their progress, except such as arose from 
political questions, or stat^> policy. In Germany, as in England 
tramways formed the germ from which subsequent enterprise 
developed the vast network of railwars now extending thronghont 
the len^h and breadth of the land, facilitating its ccimmerce, and 
increasmg in no small degree its material prosperity and wealth. 

The oldest of these undertakings originated in a fifty j<ttn 
*' pririlege *' granted by the Austrian Government, upon Iba 
7th September, 18*24. for the constniction of a line from Bndw<' 
in Bohemiai to opposite Linz, on the Danube, a distance 
upwards of 80 Engbsh miles. In the beginning of the yej 
1825, this concession was transferred to a Joint-stock Compan; 
formed in Vienna, under the title of ** The Imperial Roji 
First Bail way Company of Austria." The works were imn 
diately begim, and about 4*) miles tim'shed before the close 
IB28. The completion of the remaining portion occupied uni 
the Ist August, 1832, the day of the opt-ning of the \a 
throughout its entire length. About this time a new project 
was set on foot, and a concession granted to an association of 
business firms in Vienna, for a line from Linz to Gmundcai 
(4*i^ miles), which was made over, in 1834, to the Budweiss 
and Linz Company. The works were begun in the same year, 
and finished in 1836. This line, although claiming the name of 
railway, was in reality a tramway, worked by horses. The 
gauge WHS 3 feet 7i inches in the clear. The rails connisftcd of 
fiat bars of iron, 2^**^ inches wide by rather more than J an mrh 
in thickness, and weighed 144 ^^** P*^r yard; they wer<' bii < n 
longitudinal timbers, supported and kept in place by cn»-p 
sleepers, 6 feet 3 inches apart from centre to centre. rh«? 
maximum gradienfe were I in 2<> on the length brhv.iti 
Budwciss and Linz, and 1 in 46 between Linz and < 
The junction of the northern and southern sections w:t 
by means of a short line, on which occur gradients of I m 16 
and 1 in 28, pnssing over the Danube on the timber bridgi? 
between Linz and the north shore of the river, which anawfm 
for the puriK^i*es of ordinary tralfic as well as for those of th« 
tramway. The cost of the Budweiss, Linz and Gmiinden line 
was about £4,877 per mile. In 1854, small locomotive enginfi 
were adopted for the working of a portion of the southern sertian* 
and this system was extended in the following year to th# 
entire length between Linz and Gmiinden. 'J he gauge n^maiufd 
the same, hut the permanent way was altered on the inelinw 
and sharp curves : the original flat bars and longituiiifial 
timbers having been replacea Uy small solid rails of the coo* 
tractor's, or broad-basca pattern, laid on transverse sleenem. 
Still more recently, the whole of this undertaking liAs Wa 
iucxjrporated with that of the ** Empress Elisabeth WestcTt* 
Bjiilway of Austria," from Vienna to Pa«aan and Salsbnrg ; and 
it is contcmjjlatud, eventually, to convert both the bnmebef to 
Budweiss and Gmiinden into ordinary railways, with the regular 
normal gauge of 4 feet 8^ inches. 

Heturning from the digression occasioned by tracing down to 
a recent period the salient ]X)ints in the history of what was not 
only the nrst line in Austria, but in all Germany, the 
which next attracts attention is that of a proposal for 
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Prague with Pilsen, by means simikr to those alreailj described. 
The worka were begun in 1828, and a portion of the lino was 
opened in 1830. The ori^nal project was never completed, and 
a length of 34^ miles of tramway, the extent to wlxich it was 
carried into execution, after chan^ng ownership twice, was 
finally made over to a Colliery Company for local purposes. 

These preliminary remarks brinj^ dovra the subject to the 
most important and decisive period in it^ history, occasioned by 
the proposal to adopt steam as a motive power instead of horse 
labour ; a proposition carried into effect for the first time in Ger- 
many in the case of a railway 4 miles in length from Niimherg 
tD Eiirth, which was opened for public tralOc on the 7th Decem- 
ber, 1835. The works on this line were nuimportant, and pro- 
0ent(.'d no engineering difficulties whatever, occup^dng only nine 
months in their eonatruction. The cost was £4,745 per mile. 
The mDa, which were for a single way. were laid for about three- 
fourths of the distance on stone blocks, and the remainder on 
timber sletnsers, which were subsequently replaced by stone 
flupports. The maximum gradient was 1 in 250. 

Tuus G<?rmftnv, possessing, at the close of the year 1835, up- 
wards of 108 miles of tramways, had up to the same time only 
4 miles of railway, proj>erly so called. 

The five years following in regular succession from this date 
•erved to introduce railways* into all parts of the country, and to 

five them a fair start. It appears that uDon the 31st December, 
840^ five years aft^r the com})lction of the first line, there were 
twelve railways in Germanv* either wlioUy or in part finished, 
and yielding a total lengtu opened, equivalent to 377 miles. 
These, arranged according to the priority of opening of any part 
of them, assume the foUowin^ order; it being premised, that 
those fines worked by steam power are alone referred to : — 

1st, Railway in Gennftny from Niirnberg to Fiirth opened 7th Dec. 1835 

2od, „ Leipzig to Dreade a, a portion was opened 24 tb Apr. 1837 

8rd, „ Vienna to Oderberg „ „ 23rd Nov. 1837 

4tli, „ Berlin to Potsdflm „ „ 22nd Sept 1838 

6th, „ I)iis8iJdorftoElberfeld„ „ 15th Oct. 1838 

6th, „ Bmnswick to Wolfenbuttel „ lat Dec. 1838 

7ih, „ M&df^burg to Leipzig „ j, 29th June 1839 

8th, „ Cologne to the Belgian frontier |, 2Dd Aug. 1839 

9th, „ Munich to Augsburg ,« u l*t. Sopi. 1839 

10th, „ Frankfort-on- Maine to Wieabftdea 26th Sept. 18 S9 

11th, „ Berlin to A nb alt „ „ l»t Sept. 1840 

1 2th, „ Mttimbeim to Heidelberg „ 12th Sept. 1840 

Sueh was the position of railways at the close of the year 
1840, after which they became so numerous and varied that it 
would be impossible, keeping in view the object of this paper, to 
follow them anj further m detail. It is auAeient for the present 
purpose to review in general terms their progress from time to 
time, from their first adoption down to the present day. as ex- 
hibited in the following statement, showing the extent opened at 
different fixed periods :— 

Then were 4 mHei of Railway in Germany opened up to the do«o of 1835 

„ 377 „ „ „ 1840 

„ 1.817 „ „ n 1845 

H 4.487 „ „ „ 1860 

„ 6J50 „ „ „ 1855 

„ 8.612 „ „ „ 1800 

>i 88,06 „ „ „ 1861 

The local distribution of this latter quantity and the cost per 
mile are as follows :— 

In PruBsia there were ahout , .3,417 milcB ccmstract^d at £ 

anaversge coBtpermile of * . . . 15»200 

In the German provinc«t of Austria 1,706 ,, ,» 22,700 

„ Bavaria .... 1,172 „ „ 13»670 

„ Hanover . . • . 460 ,, „ 13,100 

„ Saxony .... 435 „ „ 18,3n0 

„ Baden .... 260 „ „ 16,500 

;„ WurtembuTg . . . 260 „ „ 14,500 

y, the other Gernan Btateg . 1,166 ,, „ 14,390 

Total .... 8,866 luilet constnicted, 
at an average cost of ab^iut £16,400 per mile 

Nearly one-fourth of the entire length is provided with two 
lines of rails. 

About 3 A p«r cent, of tbo existing: lines are OoTemment property. 
„ 10 1 ,t are tlie property of Compunies, but worked by 
Govern monu 

„ 61 i „ arc the property of, and are ▼orked by private, or 
Joint Stook Companlea. 



Many railways which were originally eonstructed by Stat^ 
means hare been sold, or rented to Joint Stock Companies, and 
the reverse of this has in some instances taken plaee. Hence it 
becomes necessary to retttm t<» au examination of the manner 
in which they were at first carried ont, in order to estimate the 
extent to which Government resonrces participated in these 
undertakings. In tliis respect it appeare, that 

39| per cent of ihc entire length were oonstnicted by different States. 
^4| ,1 by Compames under a guarantee of interest, or a Go?«m- 

ment subvention. 
35| I, „ at their own risk and DOS t 

That is to say, Government aid has been ^pi^nted directly, or 
indirectly, to nearly two-thirds of the entire system. Thea© 
8,866 mile^ oi railway comprise sixty-two diflerent undertakings 
as at present eonstitiited, imder as many separate orffauisations, 
and are managed by Diiieieea Government departrafnts, and 
forly-tkree boards of Directors^ or some substitute, whose con- 
trol however is not confined to Germany proper, but extends to 
adjoining territories, over an aggregate* lengtti of 10,830 miles of 
line. 

Kot long after the introduction of railways in Germany, it 
became apparent, that their management would be far from 
Bufficiently perfect to meet the continually increasing renuiro- 
ments of commerc4?, except some common plan of action could be 
agreed upon, which would bring all the railways in the country 
into one large association, for regulating to a certain ext^^nt. their 
relations with each other, according to general rules, somewhat 
after the manner of the German political Confederation. 
For this purpose a conference was held at Cologne, in 
June, 1847, which resiilted in the formation of a society under 
the title of ''The Atsociation of German EailwiiT Directions/' 
which now embrac^»a the whole of the fine? already referred to, 
with very trivial and unimportant exceptions. Each railway 
subscribes a fixed sum towards the general management fund 
together with a variable anioimt depending upon its length, and 
is represented at the meetings of the Association and in the de- 
bates, in proportion to its Lmportance. Yearly gen(»ral tneotings 
are held, at a time and place mutually agreed upon, and when 
considered expedient, special meetings are also called. At aU of 
these, such matters ai^ relate to the interests of the Association 
are discuHsed and settled. A code of laws has been drawn up, 
and agreed to, by the En^neers and managing directors present 
at these meetings, which is revised and eidarged from time to 
time, according to the requirements. These rules express the 
decided opinion of the associated body, upon all the points which 
are usually involved in the coustniction and working of railways, 
and are adopted by all concerned, as the standard source of 
guidance and instruction in sueh matters. It may here bo 
proper, before passing on to the consideration of the engineering 
points involved in the present subject, to state that Germnny 
at the close of the year 1861, had, in addition to railways, about 
143 miles of tramways, constructed at an average cost of £3,200 
per mile. 

The battle of the gauge.«» can scarcely bo said to have bcctt 
fought in Germany, or, if so, it was conducted with almost all 
the energy on one side ; a», early in the movement, the gauge of 
4 feet 85 inches came off victorious, and the line from Mannheim 
to Heidelberg, which represented the opposing interest, having 
been laid to a medium width of 5 feet 3 inches between the 
rails, after stniggliug along for some time in its unsocial loneli- 
ness, was obliged to yield under the pressure of public opinion 
and the inconvenience arising from a break of gauge, and was 
altered to the ordinary width of 4 feet 8} inches, which is now 
the universal gauge of the country .• Tlie width between tho 
.ways on a double line of railway is usually fixed at 2 metres 
between the centres of the rails, or 6 feet 4^ inches in the clear. 
At stations this allowance is generally greatly increased. 

With regard to curves and gradients, the rules laid down are 
— First, The radius of curvature shall, if possiWe, not be less 
than ;i,6U0 feet on level land, nor than 2,000 tVet in hilly districta, 
except in particular instances, when it may be necessary to 
reduce it to l,2ti0 feet. This latter is to form, as a general rule, 
the minimum rate of curve on railways in mountainous countries, 
to be diminished Ln exceptional eases, where necessary, to 6^X) feet, 
but never less. 
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Sccx5ndly. The ^encml scaJe of maximum p^dients adroisBible 
on railways is 1 in 200 in level diatricts» 1 in 100 among hilb, 
and 1 in 40 on mountain linos. 

A« examples of sharp curTes npon workn already exccnt^^d may 
bo noticed :— One of 570 feet, and another of 690 feet radius on 
the Baden State Railways ; two cun-es of 618 feet raditis on the 
railway from Magdeburg to Wittenbarg, and a similar minimum 
radius on the railway from Breslau to Schweidnit;! ; one of 560 
feet and several of 6*22 feet radius occurring on the passage of 
the A\\)n, on the line from Vienna to Tnestt-; the viadtict 
appriiach to the Cologne bridge, on the left bauk of ihe Ehine, 
is on a curve of 618 feet radius ; a curvo of 780 feet radius on 
the line between Passau and the Aus Irian frontier, and of 824 
feet as the Diinimum radius of curvature on the Main Weser 
Eailway. from Frank fort -on -Maine to Hesse Cassel ; besides 
numerous other curves of imporlanee on existing lines. 

The increased power of locomotive engines has introduced 
into practice a severer character of ruling gradients than was 
formerly contemplated. On main lines, when practicable, 1 in 
lOU is now generally adopted as the maximum rat« of inclina- 
tion. In many instances, where the districts traversed are very 
level, the gradients are much f*asier than this ; but, on the other 
hand, Germany has ample proofs of having approached the 
limits recognised at present as suitable for the working of loco- 
motives, in gradienta of the steepest description, which are not 
confined to one state or locality, but are to be found in both 
north and south. As an ilbistration of thJs statement, it will 
sutHec to instance some of the most important cases. Between 
the stations of Erkrafh and Hochdald, on the railway from 
pusseldorf to Elberfeld, there occurs a continuous incline of 1 
m 20 for a distance of 8,038 feet, or upwards of IJ mile. This 
was originally worked by stationary engines and along endless 
rope, in 1841 the plan wan altt»red, and the trains in oppwDsito 
directions arranged so as always to meet at tliis point, and the 
weight of the descending tram was made use of in helping to 
draw the other up by means of a rope attaehed to both trains, 
and passed round rollers at the top of the incline. The dilB- 
cultiea arising from the necessity tor the meeting of trains 
broupht about another modification in the system of working, 
which is that now in use, A pilot engine is always ready* witJi 
steam up, to assist the ascending trains, which it does by acting 
aaa ootinierpoise attached to the upper portion of the rope, in the 
same capacity as was formerly fulfilled bv the descending train. 
This latter now always passes down without being attached to 
the rope, and under the control of powerful breaks, and l)y these 
means the inconvenience of the tratlic, from being compelled to 
depend upon meeting trains, has been removed. The Aix-la- 
Chapelle mcline of 1 in 38, for a length of 6,814 feet, stimds 
next on the list. It begins immediately on leaving the station, 
and rises westwards towards the Belgian frontier. It, also, was 
intended to be worked by .stationary engines, but a tank engine, 
with three pairs of couphnl wheels of small diamet<T, now 
answers the purpose, by pushing the train from behind up to 
the station at the level on tiie summit, where an ordinary c^ngino 
is in waiting to take the train on. Several gradients of 1 in 40 
and 1 in 45 were adopted on the Semmering Bail way, of which 
a particular account Jias already been brought before^ the Insti- 
tution. An incline of 1 in 4(3, for a distance of 17,6So feet, or 
upwards of 3 J miles, upon the Bavarian State Kaihviiy, from 
Augsburg to Hof, serves to sumioinit the water-shed between 
the rivers Maine and Saale, near the village of Neuenmarkt. 
The short ScluitH-^berg branch line in Saxony has ^^radients of 
1 in 4^>, and the totjil ascent which it makes averages at the rate 
of 1 in 48. The passage of the Swabian Alps, Wtween Geis- 
lingen and Amstetten, on the Wiirt^mburg State Kail way, from 
Stuttgart to IJlm, is aeconiplished by means of an incline of 1 in" 
46, 16,720 feet long, or 3 J miles. There is a gradient of 1 in 45, 
for a length of about l,8u0 feet at ^'ii•nnenburg, on the Bruns- 
wick State Railwa3% ***"^^^ Wolfenbuttel to Harxburg. On the 
mil way from Bamberg to Assehat'enburg there is a gradient of 
1 in 60, extending over I5 iiailes. TLe same rate of inclination 
occurs on the line from Breslau to Schweidnitz, and also between 
Eisenach and Coburg, near the fornter place, on the Werra 
Bail way, the length ul' the gradient being 3 miles. 

The Semmerin£j Kuilway. alrrndy alluded to, is one of the 
most remarkable instances of a cond>ination of heavy gradients 
with sharp curves. This line, whieb is in reality but a section 
of the Southern Bailway of Austria, from Vienna to Trieste, 
extendfl from the station of Grloggoitz to that of Murz2uachlag,a 



distance of 26'4-l miles, or more exactly 134,3'>0 feet- In 
sidering the natitre of the gradients, it may bo divided into 1 
section s as foDows i — 

lat from Gloggnili to Payerbach - 20,815 fie«t, 

2iid „ Payerbnoh to the Somoiering sunnnit . 0I,O1*S ., 
3rd „ the summit to Murjssddch log . , 49,4d*i ,« 



Total ISl.lOO „ 

In goJDg southwards the rise is gradual until Payerbach 
reached, tbe maximum inclination being 1 in ItX). From them 
imtU attaining the summit level, which gives its name in 
puss, the gradients and curves are of the heaviest and shaqj 
charaeter, in order to overcome the various natural obstacle 
the way. On this middle section several gradients of 1 in 
one of them, the longest on the line, being 11,<518 feet, orSj mil 
and curves of 622 feet radius occur. From the stirumit 
Murzzuscldag station the descent is rapid and steep, the hti» 
rat© being 1 in 41*4. The diflTerence of level between Gl 
and the summit is LSOB feet; tlie height of the latter 
2.937 feet above the seadeveU and the fall frt^m thence 
Murzzuschlag on the South side is 714^ feet. The nature 
the inclines, and their etleet upon the working of the line, 
be best understood by rofening to the following tabular ii&U 
ment : — 

List 09 GaADtft>Ts> 
Prom 1 tn 40 to I in J^O , . SI per oent, of ihe entire Vtr>\ 

f, 1 in 51 to 1 Id 70 , . 9 „ 

„ I io 71 to I in 100 . . 8 „ 

„ I in VI to 1 in 120 . . 15 „ 

1, I iu 121 to 1 in SCO . . 6 ,, 

Level ....,,.. 1 

ino 
The cttires under 1,000 feet radius are, 

1 Curve of 560 feet radius. 
29 ,. 622 

1 „ 746 

2 „ fiTl 
I ,. S02 

3% „ 933 II 

The proportion of straight line and corves stands thtis, — 
Curvo of 660 . < . feet radios . Of per cent, of the entire 

622 „ xq „ 

„ 623 to 1244 „ n „ „ 

„ 1216 to 1867 „ 6 „ „ 

„ over 1867 ,, 2 



Straight Enea 



60 
100 



Scvcml of the cnrrea of 622 feet radius occur upoa inclin* 
1 in 45. 

Tliere are fifleen tunnels on this work, of the au ■ 
of 14,8t»7 feet. Tbe longest is that tbrtjugli the 
the Semmering, which is 4,6l^5 feet. The next, in pumi 01 lengtuj 
is one of 2,2.^t» t\'et. 

The viaducts, of which there are sixteen, arc built o'**-- — " 
and brickwork, and arc principally composed of si 
arches, varj^ing in span from about 25 feet to ^^ ^ 
longest of these works is 614 feet, and the four 
the greatest height, from 1 iy to 150 feet, consist 
arches, fine above the other ; tJie lower of which 
strengthen the piers and iidd stability to the strueturi 
of the viaducts are placed on curves of ©22 fwet and *>So 
radius, and on gradients of 1 in 45. 

The permanent w«y consists of flat-baaed rails wpt::i 
76 J lbs* per yard, resting on cross •sleepei's, laid 3 feet 1 ' 
apart from centre to c<*ntre, which in their turn an- 
by longitudinal timbers, into which they are let, and li 
in i)lace by small angidar iron brackets. The rads are 1 
in depth, have a simdar width of base, with a heat i 
broad, and a thickness of i J inch for the central u 
usual length being 18 feet 8 inches. The joints arc inr. 
fish platest witb Sur screws-bolts in tlie usual manner , uunrf- 
neatb are placed WTOUght4ron chair-plates, to prrvcnl the 
working of the ends of the rails into the sleepers. ^ ^ o,;i.r 
plat4?, but of smaller dimensions, is interposed betweer 

of the rail aod the timber at each, of the intermediate : — 

The joint sleepers are 12 j inches wide, by 6J inches thick, umI 
the intermediate sleepers are finches by OJ inches. The balkii 
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of a lower eonrao of an^lar broken stone of krge 
iona, Inid witk the haod, on which rest smallt^r brokea 

md gravel. Its deptli at the centre of the* guu^e, measun-d 

tihe surface of the '* boxing/' which rcaeht*» to within 
of tht* rail level, is 2 feet 4 inckos, and the width to 

It extends outdde the rails ia 4 feet 6 inches ou embank- 
and 3 ft-et 9 inches in cuttmijs. 
en^nes used for working the line are of a peciihar 

itioiu the result of a prize oliered by the Government* for 
i locomotive to take a given load up the inclines, with a 
lininium vclix-ity,^ Thi' engine and tender are in one, and 

r'n fiv*^ pair!* o( wheels ; the tliree leadinj^ pairs are 
together, and attached to axJes fixed at riglit angles to 
6s of the boLlcr, Tlie other tT»o axles are placed, one in 
if the lire-box, and th(* other under the tender, and aro 
^ to a moveable carriage, or frame, which admits of the 
suiting themselves to the nature of the sharp curves to 
'ersed. The following statement shows the comparitton 
the passenger and goods engines on this line, and their 
average dimensiona : — 



1 


PM»«ofer SDgin«, 


Oooilt Engine. 


Ft. In. 


Ft, In, Ft, In. 


rr of Drmnjj-whoeli (3 






eoupled 


4 S 


3 4 to 3 6 


r uncoupled wheels (2 pabs) 


3 I 


a 4 to 3 6 


f cylinder 


1 ^ 


1 7tol 7i 


of Stroke of Platon . . 


2 


2 ft. in. 


*r of Ouiler (moao) , , . 


4 S 


4 3 


of ditto , . , . , , 


15 d 


U 6 


t of Tubes 2 in. diameter , 


No. IBl 


Ko. 191 


p H«ating Surface in sq ft. 


1,694 


1,094 


Hm pressure of steam in 






!r, per squaro inch . , , 


100 lbs. 


100 lbs. 


bwof Iraa Pltitt?! in Boiler 


fb ia. 


1% in. 


|e apwt of centres of &Z' 


ft, in. 


ft. in. 


L|mpled wbeek . , . . 


B ll| 


7 6 


^^Klincoiiplpd about . . 


8 


8 


I^^f^f Engine from buFur 




ft. in. n. in. 


|M'«f 


37 11 


34 9 to 35 10 


rti^hi of Engine on 5 pairs 






beelf (empty) 


44 tons. 


48 to 60 tons. 


re weigbt of Engine on S 






oouplcd wiieels, loaded with 






irage supply of water, &o. . 


3D tons. 


38 to 41 tons. 



B cost of one such engine was about £3,500. 
p experience derived from the working of this line goes to^ 
, that one of the gctoda engines can ascend the inclines of 
lO at the rate of 9^ miles per hour, taking with it a train 
? gross weight varies from about 100 tons to 166 tons, 
ding to the state of the rails and the weather at the 
The nomml rat« of speed fixed is as follows : — 

Atcetkdiiig, Drteending. 

tpr<»s Trains . . . H ^ miles per hour . . 16^ miles per hour, 
diniry Passenger ditto 11 J »» », Hf n if 

ilitary Transport and 

ioodi Trains . . , 9i ,» «, H *f, n 

caae of a train being late, any one of the foregoing speeds 
be increased, if necessary, by 4j^ mdes per hour. The 
num number of trains which have passed over the line in 
lay occurred during the Italian war, and amounted to 
ty-two, counting boUi ways. The ordinary average daily 
ler of trains ia twenty-seven, with from seven to eight car- 
I in each train. The actual works of construction on the 
lering Railway were begun towards the close of the year 
and the line was openecffor public traffic on the 17th Julv, 
Previous to this, however, during the year 185,3, rails 
laid throughout the entire length of the line, and gooda 
transported over it by means of locomotives. The Ene, 
I is kid with a double way throughout, cost £98,270 per 



I Fotrndattont qf th«t Old Lotn^re. — Excavations hare 
mj been made in the court of the old Louvre, w ith the view 
'i diHCOvery of the real position of the older Louvre, that of 
>pe Anguste, and the search has been crowned with success 
D uncovering of the foundation walls of the whole of the five 
a of the former building. These ancient works are very 
and are now in part open to the view of aU the world. 



THE INSTITUTIOJS^ OF CIVIL ENGIKEEES. 

Thb Council of tJie Institution of Civd Engineers have just 
awarded liie lV>llowing premiums for papers rc^ad during the 
session lSG^-6«i:^ — L A Telford medal, and a Telford premium, 
in booki*, to Hichard Price Williams, M. Inst. C.E., for hia 
paper, " On the MttinteDancc and llenewal of Permanent Way. 
—i. A Telford medal and a Telford premium, in bo^iks. to John 
Grantj M. Inst. C.E., fur liis paiHT, *' Experiments on the Strength 
of Cement, chiefly in reference to the Portland Cement usecj in 
the Southern Mam Umiuage Works." — \i, A Telford medal and 
a Telford premium, in books, to Edwin Clarke, iL Inst. C-E,, for 
Lis paper on '* The Hydraulic Lift GravTug Dock/'— 4. A Telford 
medal to Sir Charles Tdston Bright, M,P,, M. Inst. C.E., for 
his paper ou '* The Telegmph to India, nnd its exkmsion to 
Australia and China." — 5. A Telford nicdul and the Manb^ 
premium, in b«:M>ks, to llobert Manning. M. Inst. C.E., for hfs 
paper, *' On the Results of a ^cnvn of Observations on the Flow 
of Water oft* the Ground in the W»>odbvirn district, near Car- 
rick fergus, Ireland ; with Eain-Gaugc liegistries in the same 
locaUty, for a neriod of twelve months, ending 3ruh June, 1865." 
— 0. A Telford premium, in books, to William Humbcr, Assoc. 
Inst. C.E., for nig paper, *' On the Design and iVrrangement of 
Endway Stations, Kcpairing Shops, Engine Sheds, &c/* — 7. A 
Tcltbrd premiiini, in books, to George Kowdon Bumell, M.Inst. 
C.E., tor his paper. '* On the Water Supply of the Citv of 
Paris." — 8. A Ti^tord premium, in books, to William liidley, 
for hia paper on "The Grand Eiver Viaduct. Mauritius Rail- 
ways.*' — 9. A Telford premium, in books, to Theodore Anthony 
Rochussen, Ashoc. Inst. C.E., ihr his paper, ** On tJic Main- 
tennnec of the Rolling Stock on the Cologne-Minden, nnd other 
Prussian Railways."'— 10. A Tel lord premium, in books, to 
William Hemingway Mills, M* Inat, C.E.» for his paper on ** The 
Craigcllachic Viaduct.'* 



FACTORY SMOEJl. 

At the recent meeting of the Social Science Association at 
Manchester, the following papers were read : — 

Dr. Angus Sm[th, F.R.S.* remarked that warm interest had 
compelled him for many years to attend to the condition of the 
air of towns. Habit had no power of rt»ndering smoke pleasant. 
Few men living in a smoky town required to be convinced that 
they were in the flaily endurancx^ of a monstrous evil. Many 
substances made their appearance as smoke from chimneys"; 
that to be now considered wtks eoal smoke. Some time ago he 
calculated that sixty tons of carbonaceous matter were sent ofi* 
in a day into the atmosphere in Manchester, A very small 
amount affected the atmosphere ; a grain, or 18 cubic feet, was 
suificient to convert good air into Manchester air, so far as 
carbon waa concerned. About one-half the colour wa.s due to 
tarry matter, and the other half to black carbon only. Dr. 
Smith continued: — This black matter is the colouring material 
of all our smoky towns, and, to a great extent, of the clothes as 
well as of the persons, of the inliabitants. We live in houses 
coloured by it, and we ivalk ou roads eolourc^d by it, and we can 
see the sun, the moon, and Uie heavens only after they have been, 
to our eyes, coloured by this universal tincture. These are 
calamities of themselves ; but, although some men would look 
cm such a view of the ease as mere sentiment, not one amongst 
us can fail to have liis spirits tinged with the darkness of the 
sky. I found this strangely corroborated lately. One of the 
best men of business in Alanchester informed me that on an 
atmosphericjdly dull day no one would ^ve a high price for 
goods, no one had the courage to give it ; but, ini the other 
hand, they could buy goods at a lower price, the seller had not 
the courage to hope "for bettx^r. These dull days are caused in 
part by the climate, but their remarkable oppressiveness is un- 
questionably due in great part to the smoke. We do not consider 
mat by the smoke we make ^e are atiVcting our own spirits and 
clouding onr own jmlgment. It is my belief tliat this effect on the 
spirits IS the most powerful of aU objections to smoke, even in 
the minds of those who believe themselves above aucb feehngs. 
There is, however, no denying the great fact that everything 
coming in contact vnih a smoky atmosphere is so blackened that 
cleaning becomes ditiieult or impcisstble. Smoke gives t^* every 
household it visits either a greater amount of labour or a lower 
social appear&Qoe. Dr. Smith proceeded to show that the [)oor 
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paid directly for the gmoke, liring where it prevailed, and that 
the middle classes and the wealthy suffered proportionatelj 
in being compelled to lire out of town, and to spend time in 
going to and fro. Dr. Smith remarked that it was qmte true 
that earbont tar» and siUphuric acids were diainfectants ; but we 
did not wish to breathe them constantly — we could not live on 
medicines. The disinfecting power of smoke had not rid us of 
disease, nor did it prevent occasional pestilences. If it did 
Ijood, it did more evit and much of the mortality of Manchester 
most bo attributed to amoke. It had been said that if the 
carbon was thoroughly burned, the amount of snlphurons 
acid would be so great as to be intolerable; but when the 
blackness was remored, the sulphuric acid seemed to escupo 
more easily. The very stones decay under the constant action 
of acid, and the bricks crumble more rapidly. Even in places 
less troubled with smoke, we see the decay. The Parliament 
Houses, built to remain for ages, are rapidly, before our eyes, 
turning into plaster of Paris and Epsom salts. Probably somo 
of the evil might be avoided. The finest buildings in London 
appear less handsome than flimsy structures in many continental 
cities. With u*!, the peculiarity of the climate h a great enemy. 
On certain days the acids rise rapidly ; but, as a rule, they fnU. 
(rreat extremes of dryness and of rain are the best protectives, 
and, during heavy showers, the air of Manchester is not on- 
pleasant to breathe, because the sulphur is carried down on the 
rain. One of the foremost printers of Lancashire told me that 
there were some colours which he found almost instantly to 
fade. They were frequently sent back upon his hands, lie 
was annoyed to find that the French sent the same colours to 
the Fame markets, without the risk of having them returned, 
and it was only nhvr much time and loss that he found that the 
goodii must not be allowed to pas.s through Manchester. One 
day was enough, but in some weather two hours were suiBcient 
for their deterioration. The only sure mode we know of dimin- 
ishing the amount of acid given out by ehimnies is by burning 
no sulphur. This can be done, perhaps, to some extent, by 
burning less coaU and burning it niort' eeon<unit?ally ; next, by 
not allowing the most sulphtirous of the coals to be burnt in 
large towns. This latter is a simple mode of doing some good, 
and cannot in all cases be considered trjo great a demand on 
manufacturers. Dr. Smith would not speak of the means of 
burning smoke, which some years ago numbered twelve doxen. 
It would be a cause of great gratification if the movement began 
with on association of manufacturers. Municipal bodies had 
failed to produce any important reform. We must remember 
that we could not live without rendering the air impure, aud, 
rich as the country might be, we could not aflbrd to destroy our 
manufactures in order to preserve the beautyof our ii(?ld.^. In 
such cases there must be compromise. We should oftener 
arrive at the truth if these questions were considered from wider 
points of view. 

Professor Crack Caltekt, F,E.8.» read a paper on the same 
subject. Dr. Calvert said : — The action of the products of the 
distillation of coal upon vegetation varies a great deal according 
to the circumstances under which they have been produced ; 
thus, the products of the perfect combustion of coals may be 
represented by carbonic acid and water with small cjuontities of 
nitrogen and sulphurous acid, all of which are invisible gases, 
having no action on vegetal ion except sulphurous acid. But if 
coals are introduced into a gas retort and heat apphed the 
products given ofl" are numerous, chemists haviug already 
isolated and characterised more than 30 distincfc substances, 
many of which art* mo^i destructive to both animal and vegetable 
life, being highly poisonous when lul ministered in even minuto 
quantities ; therefore, the products obtainable from coals vaiy 
enormously according to the circumstances under which thi*y 
are produced. The above statement will enable us better to 
undc*rstand what is commonly called ** smoke," and the reasons 
why it varies so eonsidcnibly in composition. Thus the 
i^moke issuing from the chimnejs of private dwellings ma^-' 
be eonjsidcrcd on the whole as bebjngmg to the cla>is where 
perfect combustion occurs, for the gases, as they emerge from 
the chimney, carry with them, only carbonic acid, carbonic oxide, 
and sulphurous neid. and a small quantity of the moat volatile 
hydi'o- carbon 8 whicli are given otT, and this only takes place at 
tte time and shortly after the coals are freshly a<fded to tlie fire ; 
the less volatile products being eondensed in the flue of Ihe 
elnnmey, forming what is called soot ; but as soon as the volatile 
products ( which are characterised by bui'mng with flame when 




coals are put on the fire at first ) are eommmed, the carho 
mass which remains in the fireplace may be considered a: 
going perfect combustion, and emitting, as stated above^^Bly" 
gases, having little or no action on vegetation or man, more 
especially when they become diffused in the atmosphere- But 
the reBults of burning coals under the steam boilers employed in 
our large factories are very different. j 

1st. Because coals are constAntly being added to the ma«f ^ 
combustion. There is not, consequently, tlmt r^-c-nti-^rA of tl 
distillation of tarry products above stated, as tal ifi th 

fireplace of private tiwellings, and it follows that i , ^tts ( 
ptTtect eomoustion. which are generated near the grates of tJi 
fireplaces in factory furnaces, are constantly mixed with a cc 
siderable quantity of tarry substances produced by the di.itiU 
tion of the coals, and, therefore, through their imperfect 
bustion. 

2nd, As stated ahoye, in the chimneys of our dwellings^ 1 
draught is such aa to permit many of the imperfect products i 
combustion, or most of the tarry products, to condense, wliih 
in the tall chimneys erected in our factories the draught ia suo 
as to carry out from them the above noxious volatile products 
and as many of them wiU easily condense into liquids and solid 
when they ctime into contact with a cold atmosphere, th€! 
ennnot ditfuse nor be carried far be-fore they tall upon pin 
and other bodies existing in the neighbourhood of such chimney 
and as many of the tarry products are highly poisonoil 
to plants, they affect vegetation in a very marked manner. 

3rd. ** Black smoke " is a mixture of the products of thi 
perfect combustion of coal with carbon in a high state of dii* 
the sobd particles of carbon when floating in the atmoi^ 
become, like all solids, centnrs of attraction for fiuid;!, 
thereby assist In the condensation of the liquid and poisonoH 
produets above mentioned, and help t-o carry and fix them r 
the surrounding vegetation, which is characterised by a depot 
of such products upon the surface of the leaves and bark < 
plants, which prevents that free contact with the elements ( 
the atmosphere which is so essential to their health and growth J 
for, as you are aware, plants absorb carbonic acid from tbi( 
atmosphere from which tneir carbon is derived, and thej reject^ 
oxygen and watery vapour. Further the intensity of these 
actions is in exact ratio with the intensity of Ught, and 
" black smoke " is produced in large quantities it intef 
with the rays of light arriving on the surfaiH* of the earth 
thereby affects vi'getatiou materially. It appears to mi 
the above facts give an explanation of the activitj^ of veg© 
observed in London as eompared mth that witnessed in Ifa 
Chester. Leeds, Shctlield. Birmingham, &e. I am well tiwin 
that the vegetation in these towns may be slightly ;< ' 
the large proportion of sulphurous acid which the sni^' i; ( 

from the factory chimneys contains as eompared with ;La 
quantity of sulphurous acid produced by the consumption of r 
better class of coal in London, but sulphurous arid, Uke tl 
gases, has such a high diflusive power and the mass of air with 
which it mingles is so eonsiderable, owing to the high temiK'rt' 
ture at which it leaves the top of the nigh chimm ys, that, 
although it may somewhat affect vegetation, still I c.: ' 
action is comparatively small in proportion to the injur 
by the fixation of*' black smoke ' upon plants. ScQ.f as; ^i- -. 
above. As to the comfort which tue inhabitants of cmr 
mBiiufacturing towns would derive from the perfect com 
of the fuel in our large mills, works, JLc. no one can v^nl 
say ; at all events, as a matter of health and comfort, tm t _ 
can be formed by compariag the state of the atmosphere in bi 
towns like Manchester on ISimday a-s compared with that 
is witnessed on the other days ot the weet. It is haitily 
sary to add that it \s on record in evidence bcfopo a CoiT 
of the House of Commons that manufacturers can effect a 
of 15 or 20 per cent, by burning their smoke, and it it: 
painful to reflect that after the weighty evidence whieh h 
adduced by many of the leading manufacturers of Man( 
such as Messrs. Bailey, J. Whitworth, Henry Houl 
&c., before a Cojmnittee of the House of Commons soma 
years ago, we should still live in .*ueb a noisome^ unsigh 
un whole. Home atmosphere as that of this city j and, I 
witnciis how Acts of Parliament are put on one ^'-^ 
are to be carried and enforced by hienl aiithon. 
such cases the oflinders, aud at the same timt^ 
called upon to inflict lines and punishment, 

Mr* Peteb SpEjfCE, F.O,, read a paper on the s.iui . v I jccf. i 
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the cotirae of whioli ho said the black smolre of our njanufacturinpf 
operations ia, &s on<? would naturaJly iiua^^ne from the eoutinual 
outcry made against it* the worst form of the evil t that, in fact, 
it is, all things considered, in a sanitary point of view, an eril 
at all, I am Iiere to deny ; and as I have for yenra made thi^s a 
subject of thought and investigation, I think I shall be able to 
substantiate my opinion. If, in getting rid ofblaek or Tisible 
i amok^, we were at the same time to get rid of the products of 
H^lBOmbustion altogether, no doubt the advantage would he great ; 
r^l>at if we only increase the quantity and intensify the power for 
[ evil of the in vi si hie substances produced, the benefit in not 
I flppaj*ent ; and if by getting rid of viaible smoke we mertdy get 
rm of a body not only inert tor eyil, but In other eircumstanees 
I fully allowed to he aliody of a liealth-produeiug charaeter, then 
L»^e not only do no good, we do positive harm. The faets arc 
^^'deeidedly in the inverse ratio ot the theory of the aanitary 
smoke consumers, but harmonise completely with what I believe 
to be a true theory, founded on a eon isi deration of tin ' nature 
and ordinary efiects of the body ^vith whieh we are dealing. 
Would it not be welh therefore, for our sanitiiry friends to leave 
this matter to the economist ? WhUe we have nothing to gain 
on the sc^re of health by conaumiug our smoke, and may have 
something to lose, we have muck to gain in the economy of our 
fueL 

Mr. Haa'dsel GRiFFiTns contributed a paper, read by 
Captain Clode, one of the secretaries. Mr. Grimths proposea, 
as a practical remed3^ ihat the large elumnies of manufactories 
should be supplied with five or six diaphragniii of wire gauze, 
the lowest to be easily removable, ana to be placed at so great 
a distance from the furnace that the heat should not affect it. 
The seeond diaphragm was to be also removable, as, indeed, ail 
of them, for the purpose of cleaning. 



ON THE FTILIZATION OF METROPOLITAN BAIL- 
WAY AECHES AS DWELLINGS .• 

By B. EifijfrEL, C.E. 

The want of good and sufEcient accommodation for the 
labouring elassesi m the metropolis has been felt more within 
the last few years than at any other preTious time, and has at 
len^h attracted public attention to the means for its redress. 
It is unquestionable that the evil has been caused to a great 
extent by recent metropolitan engineering works, and par- 
ticiilarly by railway extensions. It is estimated that 20,000 
people have already been evicted, whde 100,000 more will be 
dispossessed by the various schemes now on foot, No further 
argument than this statement is needed, to prove the necessity 
for prompt action. 

W hilst it is clear that that scheme is the best whieh, if ca- 
pable of being practically carried out, would make the eauHe of 
the evil the means of its removal, it follows that no such perfect 
scheme can be devised as the one which would make it the 
interest of the railway companies (which turn out the poor 
wholesale) to find means for tneir accommodation. 

To compel railways, by direct legislutive interference, to give 
house-room to the poorer classes whom they evict, would be 
impracticable. The principle has already been attempted to be 
enforced and it has signally tailed. As matters stand at present 
and with tbe strong opposition which railway companies can 
raise in Parhament to an unpalatable scheme, it is a matter 
both of policy and of necessity to endeavour to adopt other than 
compulsory measures. If, then, a feasible scheme could be 
shown by which the railway companies would increase their 
revenues, and by whieh the poor would be housed and benefitodt 
the interest of the railway companies would be, not to oppose, 
but perhaps to further that scheme. 

In and about London there are thousands of railway arches 
belonging to the various companies. Some few of tliese are 
used as sbops, a few more as wan^housea and workshops ; but 
the great majority arc, at the present moment, totally unoccupied 
and unproductive. 

To convert these existing arches into labourers' dwellings, and 
to provide for similar accommodation in all future viaducts built 
in. the neighbourhood of great cities, will at least provide for a 
large proportion of those now ejected. 



* B««d ttt ICAxwbeiter Meetinf^ of Sooitd 8d«iio<i Attocifttioa. 




It is the object of this paper to discuss the means which can 
be taken to best carry out this scheme, and the advantages or 
otherwise arising from its adoption. 

For each dwelling that is built inside a railway arch, two side 
walls and a i*oof are already constructed. It will immediately 
suggest itself that an advantage is gained in point of economy 
of construction over the same amount of accommodation any- 
wliere else ; and this saving may be calculated at about MO 
each arch, or £5 per room. 

It may be \irged in opposition to the idea itself, that tenants 
cold d not be obtained for this rlass of dwelling : — that the noise 
and vibration arising from the trntlic overhead would render 
such arches practically uninhabitable. It is believed that this 
objection, though popular, is groundless. A rcry few of these 
arches are fitted up and occupied as dwelling-houses, and the 
author during the investigation of the past few months into tlus 
subject has met with and questioned the occupant a of most of 
these — the experience of some ranging over a period of six years. 
Thej have been uimuimous in the statement that no great mcon- 
vemence is experienced. Indeed it is a fact that the noise and 
vibnition arising from the passing trains is more felt in the 
houses by tbe side of tlie railway than in the arches themselves; 
and if further evidence be required it is possible to point to shops, 
restaurants, &c., where business is carried on with no more disad- 
vantages than if the premises were streets distant from tho 
railway. 

It may be a matter of surprise that such an obvious expedient 
as the utilization of the arches should not have been previously 
carried into effect . It is probable that liad they been the pro- 
perty of individuals they would long since have been so utilized. 
But although the idea has, doubtless, been suggctttcd before, and 
notwith.'^taudiug the difficulty of dealing with any new idea by a 
railway companjr, other causes have had their elleet in delaying 
the scheme. Ihe causes whieh have prevented private mdi- 
yiduals from taking the arches frctm tbe companies and convert* 
ing them as proposed, are somewhat numerous ; but, as will be 
seen, are matters of practical detail oidy. 

One of the most important preventive caui?es is the policy of the 
companies, hitherto, in refusing to grant long leases. Many of 
them ynW give only a yciiriy tenancy— the most liberal a 7, 14» 
or 21 years lease^while all insert clauses reserving pow^er to 
repiin jxissession by a three or six months' notice. 

rhiH l*<*j'0't if nersisted in. would ba fatal, for it would prevent 
capital being employed by private individuals on such a precarious 
tenure. But as possession is only likely to be again require*! by 
the companies in case of a desire to widen their hues, it would 
meet the requirements if a short lease only were granted, and 
compensation be given in case of eviction, for the money laid out 
in fitting the arches as dwellings. 

Again, the present arches vary a great deal in sitce, and, there- 
fore, in afhiptabdity to the piirpcise. The best type is on arch 
about 25ft. to 3011;. frontage, about 30ffc. deep, and 20ft. high to 
crovm. In each of these arches could bo built five rooms, a 
washhouse, yard, and offices. But only a small proportion of 
the whole number of arches closely approach this type. In 
the coustniction of a railway viaduct, the requirement msisted 
on by Parliameut is a headway of about 17ft. where the arches 
of the viaduct cross public roads. For purposes of economy, 
the height of the arches is reduced directly the roadway is 
passed. The consequence is that the generality of arches do 
not avertige nearly 20 ft. in height. Those on the London, 
Chatliam. and Dover extension system average only about 14ffc, 
from ground to crown of arch. 

Again, there arc also many arches under four lines of raUs, 
where a necessary depth of about 50 feet for this purpose would 
render them too closely approaching tunnels, for the light and 
ventilation essential to a dwelling-house. Though then a double 
dwelling-house tan be eonstrueted, with six rooms in each arch 
of such a railway as the London, Chatliam, and Dover, yet the 
accommodation in point of economy of building, of liglit, and of 
ventilation, would not be perfect. " It is necessary to add, how- 
ever, that a very large number of arches of the latter type 
are at present in existence round London. 

Again, it may be objected that the smoke arising from the 
chimnies would be likely to be a nuisance to the passengers on 
the railway. The few ehimnietii which n«JW exist without eom- 
pl.iiitt lire at the level only of the top uf the parapet ; but, if 
future inconvenience be experienced, it wUl be a slight matter 
to carry the chinmies up to above the IcTol of the carriage tops. 
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If tliis is found to be inefficacious, it will be possible to use one 
of ^ the numerous smoke-consuming grates or stoves, or the 
principle (which has been carried out m some of the buildings 
of the Metropolitan Association for Improving the Dwellings 
of the Industrial Classes) of conveying tlio smoke from a number 
of flues into one large common shaft, may be applied. In any 
one of these ways it is possible to obviate any objections on this 
head. 

The difficulty of access to some, and the absence of water- 
nipes and drainage, have also hitherto acted as a slight draw- 
back to the utilization of arches as dwelling-houses. 

The above are the principal objections which can be urged 
against the scheme. It is believed that the whole of them are 
matters of detail which can be satisfactorily solved by the intro- 
duction of clauses into future railway Acts, without the opposi- 
tion of the companies themselves, if (in order to disarm this 
opposition, and to* prove to the companies that they would not 
be prejudiced, but, as before stated, benefitted by it) private 
enterprise first showed the value of the proposed scneme. 

It IS, accordingly, in contemplation to try the experiment by 
a private association on (say) twenty arches. Sucn an experi- 
ment can in no way be a very bad, and it is possible that it may 
be a good, investment. 

If the latter is found to be the result, it will then be possible, 
without the opposition of the railway interest, to introduce into 
future private Acts some such compulsory clauses as the fol- 
lowing : — 

(1.) Compensation, j^ro rata, for outlay in building to be given 
to tenants of dwelling-houses under arches, in case of 
summary eviction. 

(2.) Where a viaduct is required to be wider than 30 ft. (or 
two lines of railway), to build a second viaduct at a distance 
from the first. 

(3.) Sufficient land to be bought to get access on one side 
(say 15 ft. in width), and light on the other side (say 6 ft. in 
width). 

(4.) Standing orders to be altered to a compulsory minimum 
height of 2b ft. to crown of arch. 

(5.) Fireplaces and flues to bo constructed in piers and 
parapets. 

These clauses, though entailing an extra cost upon the railway 
companies, would repay them in the rent obtainable from the 
dwellings. 

In all future railway schemes which come before Parliament 
for sanction, the policy also should be in favour of constructing 
overground rather than undergroimd railways. In all of the 
latter class, with the exception of those under carriage-roads, 
property is destroyed without an opportunity for provision being 
made for those dispossessed. In those of the former class, it 
may be possible to provide dwellings for nearly the whole 
number evicted. 

The author has now indicated what he believes to be the best 
means to adopt to give good house accommodation to large 
numbers of the labouring classes at the present time, and to 
provide for future wants as they are created by tlie chief cause 
of the wants. It remains now only to prove that the commercial 
value of the scheme claims for it that support which its higher 
results demand. 

The following figures are taken from a tenement of this nature 
on one of the existing lines of railway, and which is witliin the 
author's knowledge. 

The tenant, who is also lessee, a working builder, took the 
arch six years ago, and built himself a house within it, consisting 
of two sitting-rooms, three bed-rooms, kitchen and washhouse 
combined, and offices, and states the cost at £100, 

Which at 5 per cent., gives £5 

Rates and taxes 2 

Insurance 13 

Add cost of collection of rent (say) ... 1 o 

And repairs per annum (say) ... 2 

Total outgoings per annum (exclusive of rent of 
arch) £10 13 

Now, at an estimate of 8s. per week for rent of 
the dwelling, the income from each arch, per 
annum, would be 20 16 



On the thousands of arches in existence and in contemplation 
in and about London, the increase of revenue to the railway 
companies may at once be seen. 

But taking the arches as worked by private enterprise, and 
each therefore as subject to an additional charge to the company 
of ground-rent, and taking this ground-rent at an average of 14 
(an ample charge to cover the ground-rents of five-roomed 
dwellings in the district where these are contemplated), a 
further deduction of £4 would be made on the above net income. 
This would leave an interest of £11 per cent, on their outlay to 
any lessees under the company ; and a simultaneous profit, free 
from risk, of £4 per arch per annum to the companies themselves 
on the thousan<u of arcnes which they wiU be in a position to 
lease. 

In many districts in London large blocks of buildings hare 
been erected with new materials, and on a scale which should 
not be attempted in this scheme ; and yet at a cost of £160 per 
tenement (capitalising the ground-rent in the same way as nas 
been done above), 5 per cent, is paid to the shareholders of the 
company over which Alderman Waterlow presides ; and this 
instance is from buildings in the City-road, where ground-rents 
are certainly higher than in the out-districts where the railway 
arches would be utilized. 



Leaving a net income to the railway company on 
each arch, per annum, of {8&j) £10 







Architecture of Ahmedahad, the Capital of Goozerat, Photo- 
graphed by Col. Biggs, K.A. With an histori^xtl and descrip- 
tive Sketch, by Theodore C. Hope, Bombay Civil Service, and 
Architectural Notes by Jjlhes Ferguson, F.R.S., M.R.A.S., 
F.K.I.B.A. Published for the Committee of Architectural 
Antiquities of Western India, under the patronage of 
Ptemchimd Eaichund. London : John Murray. 1866. 

This is not a country nor an age prone to the publication of 
handsome architectural books. From time to tune elaborate 
volumes leave the press, but their frequency has not kept pace 
with the late general advance of architecture. The work before 
us is, however, one of the most important and most novel which 
it has fallen to our lot to notice for a long time past, and forms 
some exception to this rule, for it introduces the architectural 
student to a series of fine examples, the merits of which are in 
England but little imderstood, nay it is not too much to say, 
the very existence of which has been but barely known to the 
majority of Europeans ; and it makes use of pnotography as a 
means of illustrating architecture in a more systematic and 
complete way than almost «Lny previous publication. Many 
series of photographs illustrative of buildmgs have been pub- 
lished, ana some books partially illustrated by photography We 
also appeared, but this volume appears to us more completely to 
develop the capability of this new art to lend itself to the 
highest class of book illustration, in the same way as the art of 
engraving has hitherto been used, than any previous attempt 
in the same direction. 

To understand how it comes to pass that in Ahmedabad there 
should be found a series of buildings uniting the patient industry 
and endless elaboration in decoration of the Hindoo, with the 
purer architectural forms and unerring skill in ornament of the 
Mahommedan, we must go bdck some little way into the history 
of that northerly province of Western India known as Goozerat, 
of which AhmedaDad is the capital. 

Groozerat is a province marked out by well-defined natural 
boundaries, and having an extended sea-board. It is described 
in this volume as possessing great and varied natural beauty, 
and containing many cities and places of note, and as having firoia 
very early times maintained a strongly marked independence. 

'* The population consists of several distinct elements, each holding 
its appropriate position in the whole, and resemhling eaoh other in UttW 
more than that all are bold and warlike. The aboriginal Bhecls and 
KhooUcs, swarthy children of the bow, still lord it in the forest and on 
the mountain ; but elsewhere they have either blended with, or been 
displaced by successive waves of immigration, among which the fur- 
haired Kathi still proclaims his Soythic origin, and the chivalrous Bajpoot 
maintains his political supremacy. 

*' Possessing as we have seen a central and natorallj defended positiaD, 
an extensive sea-board, a fertile soil, and a high-spirited people, Goodranl 
has from the earliest times had a distinct and s^ aasertinff nationality^ 
a position in history disproportionate to its area, and a Titality vhia 
has over surmounted foreign conquest and internal strilb/' 
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Tk© inliabiUints of Groozerat appear to hare held from early 
daja the Jain religion, which is a fomi of Buildhism, and t-on- 
nected with whioh Buiinshrd a very distinct and remarkable 
architcetural «tylf, alrrady woll illustrated by Mr. Fer^son 
in prerioua works. Politically, the history of Goozerat was 
eventful, and pven romantic, and Mr. Hope a historicid sketch, 
commencing before the Clmstian era, and coming rapidly 
down to our own day, will be read with jc^eat interest. Id the 
tenth century, the Mahommedan invasion broke upon India, and 
early in the eleventh the Mahomniedans assaih'd Goozerat, and 
even possessed tliem^elvesof Somnnnth.but they were eventually 
driyen out of the provinee, and did not n^rnn attack it for a 
eentury and adialf ; nor does their authority appear to have 
been at all generally established there till the ena of the four- 
teenth century, anci then only by dint of continued effort could 
it be maintained. 

In the year 1412, Ahmed Slinh, Viceroy of Goozerat, deter- 
mined on toundiuf? a new capital, to wliieh he j^ave the name of 
Alimeilabad^ and which embraced in its circuit the site of one, if 
not mon.', earlier cities ; and liere we have reproduced that 
blending of the arts of the conquering and the conquered nations 
which has so often been seen in various parts of Europe ^ the Jain 
arehitecturc of the existitig temples and palaces bei-oming blended 
with the well-known peeuUarities of the Muf^lem. 

The leading feature of Jain architecture appears to have Iwen 
an octagonal dome, resting iq^ni archil ravew supjMirted by short 
stone pillars. In the simplest plans these ptllurs were twelve in 
number, eight under the angles oT the dome, and the remaining 
four so placed as to carry out the octagon to i\ square. From 
this sirnxMe plan great elaboration was eventually reached, and 
upon the surfaces carviogof tbe most profuse riclmess was lavishly 
displayed. The mosques and tombs of Mahonimedau structure 
display almost universally the^e domes resting on a fore.st of 
pillars ; but with the addition, in many instances, of enclosing 
walls, pierced by pointed arches, and of minan'ts, Moslem in 
shalx^ but very HindcH> m details. In the earliest of the 
mosques indeed, the enclosing external wall of masonry is very 
solid, with a few wide arched openings, and the enneliments 
sparingly introtluced. Later on we get not merely the large 
arched gateways, but numerous -i^Hudowdike openings, mnny of 
whidi are tilled in with the most exquisite patterns, usually 
geometrieal, pierced through thin plates of marble, and producing 
an effect wliicli those who have seen it on the spot describe as 
little abort of magical. This species of decoration reached its 
acme in the two windows from Seedee Seyeed's mosque given in 
this btrnk, of which it may be safely aflirmed that nothing more 
beautiful has ever been produced by all the resources of mediceval 
tracery. These windows have an arched outline, the springing 
line of the arch being on a level with the cills. Thejr are 7 feet 
wide and 10 feet high, and the entire space is tilled ^ntli llowing 
omamentp formed into the general resemblance of some flowering 
plants the arrangement of the principal lines and the rich filling 
in being alike perfectly satistaetory to the eye, while the novelty 
of the mode of treatment gives them an extraordinary charm. 

Another variety in the treatment of the external openings 
consists in enriching square-headed openings, resembling Italian 
windows, by throwing out a broad projecting cill on corbels 
<?arrying shafts detached from the wall, and which support a 
kind oi overhanging cornice, the whole very Hindoo in its 
treatment, but closely resembling in its general outline and 
aspect some of the best examples of the same feature in Floren- 
tine Italian, only that the Ahnietlabad examples are far bolder 
and far richer iii, surface ornament, though less pure in furm. 

Another very striking and characteristic feature to be tound 
eqimlly in those buildings where the exterior is t^nclosed by 
walls, and in those buildings or portions of buddings whicri 
'resent a row of colunms carrying an arcliitrave, is the cornice. 
" 's is very peculiar, and wonderfully well designed for a 
ical sun. It consists of sloj)ing slabs of thin stone, appa- 
rently projecting from three to five feet from the walls, with 
more or less of corbel Img below them, and a parapet surmounted 
by a kind of ornamental battlement or brattishing above. This 
mas the effect and appearance of a refined pent- house roof, which 
it* in fact, is. and will throw during the mid-day hours a deli- 
cious and sheltering sliadow over the colonnade beneath. 

The forms of the colunms made use of are very various ; they 
are most usually stiuare or octagonal, with elaborate well- 

•BigDied bases, and repeated bands of ornament on their 

"Hs. The capitals are ordinarily rather too heavy to an eyo 
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trained in European schools ; they are usualty elaborate, and 
partake more or less of the type of bracket capitals common in 
Jain temples, though from these Mahommedan structures the 
elaborate in fact exuberant brackets seen in the pure Jain 
buildings are very properly absent. 

The wurtace decoration is astonishing, whether we regard its 
wonderful elaboration or the purity and correctness of its design 
as ornament. It is most lai-ishly applied to the bases of the 
minarets of mosques, and here its charact<?r seems ordinarily to 
be purely Hiudoc*, but examples both of panels and of flat ^I'all 
decoration occur in abuntlance in these vol uaies, where, although 
the class of geometrical patterns found in the pierced panel, =i is 
not employed, there is a sensible miidificatiou of the Hindoo 
styk% so as to produce sometliicg better even tlian pure SaracenJe 
wall decoration. As an example of this, we may refer to the 
wall decoration from the t^jmb of Ranee Seepree, photograph 21. 

Perhaps the most characteristic of all (he features of tliis series 
of buildings is the dome, but this, unhappily, is less capable 
of bemg distinct! V shown by photography than almost any other 
part of the building. It is exteniatly distinctly visible m some 
eases, but is partly screened by the parapet and cornice sur- 
rounding the outer stnicture in otliers. InteruaUy. both its 
height and its gloom render it a diflieult subject for the camera; 
nevertheless, in two or three cases, the base at least uf some of 
these domical stnietures is tolerably shown, as seen from iht 
interior of the buildings they cover. 

The series of buildings comprising the great glory of Ahme- 
dabad were compk^ted mthin the compass of a century (the 
fit^teenth of our era), although examples are given of later date. 
In what measure the architectural features of which we have 
endeavoured to point out the characteristics, were combined 
into the structures here illustrated, we can hardly attempt to 
describe. Without numerous illustrations, the ellort would be 
almost futile, but in the book itself are combined both the needtul 
illustrations and a lucid explanation from the pt^ns of two practised 
writers. One himdred and twenty pliotographs are here giyen» 
and at a price ibr the whole volume which reduces their cost to 
below one shilling for each. They form a volume cqimlly 
valuable for the study or the studio as for the drawing-room, 
and one which can be recommended ^nth more than ordinary 
contidence to all who desire to form an acquaintance with this 
very distinct and singularly excellent school of art, hitherto all 
but unknoTiTi in Europe. 



NITBO-GLYCEEIjyE IX THE S.1]S^ST0NE QUAEKIES 
OF THE VOSGES, NEAK SAVEHNE. 

TaK explosive properties of nitro-glyoerine [C° H^ (I'fO*)'0*^], 
and the results of experiments maxie with this substance in 
various parts of Sweaen, Germany, and Switzerland, have 
induced Messrs. Sehhmidt and Ibetsch, proprietors of extensive 
sandstone quarries in the valley of the Loire (Bas Ehin), to try 
it in their workings. 

These experiments have been suceessful both as regards 
economy, facility, and rapidity of work, and the use of powder 
has been temporarily abandoned^ and lor the last six w celts only 
nitro- glycerine has Deen used for blasting purpoaes in theae 
quarries. 

1. The pi^paration of mtro-^lifcerme is commenced by mixing 
in a vessel, placed in cold water, fuming nitric acid, at ^'^ or 
50^ Baume (1-476 or 1-490 sp. g. English), with double its 
weight of the strongest sidphuric acid. (These acids are boUi 
expresfely manufactured at Dieusc and sent to Savcme.) 

The glycerine of commerce, which should be free from lime 
and lead, is evaporated in a vessel until it indicates 30^ to 3P 
Baume (1.245 and 1.35ft m, g, English). This concentrated 
glycerine should become solid when onnpletelj- cold. A work- 
man then pours 3,300 grammes (about 7^ lbs.) of the mixture of 
.sulphuric and nitric acids, well c«3i?led, into a glass vessel (a stone 
pot or porcelain vessel will equally answer the purpose), placed 
m a trough of cold water, and then pours slowly, while gently 
stirring it, 500 grammes (lib, loz,) of ^lycerine. The most 
important point is to prevent a sensible heating of the mixture, 
which woidd cause a rapid oxidation of the gryeerine with the 
production of oxalic acid* It is for this reason that the vessel 
m which the transformation of glycerine into nitro-glycerine 
takes phice, should be constantly kept cool externally with cold 
water. 

The mixture being stiired well, it is left for Eye to ten minuti 
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unci tken it is poured into fire to mx times its Tolume of oold 
water, t^o wliicli a rotating motion has beon previously given. 
The nitro-glyoerine i» rapidly precipitated in the form of a 
heavy oil, whirh ig collected by decantation in a deep vessel ; 
it is then once washed with a httle water, which is also decanted, 
and then the uitro-glycierine is poured into bottles ready for use. 
In tliis state the nitro-glycenne h still a little acid and watt*ry ; 
but this hi no drawback, as it is used shortly after its preparation, 
and these impurities in no wise impede its explosion. 

2. Propvrtkx of Nit ro- Glycerine, — Nitro- glycerine is a jellow 
or browmsh oil, heavier than water, in which it is insoluble, but 
it dissolves in alcohol and ether. Exposed to a cold, even 
slight, but prolonged, it crystallises in long needles. A very 
violent shock is the best mode of making it explode. • Its 
management is otherwise very easy, and not dangerous. Spread 
on the ground, it is difficult to make it take fire with a U^hted 
match, and even then it burns but partially. A flask containing 
niiro-glyccrine may be broken on stones without explotling it ; 
it may be volatii^ud without decomposition if ear<*fully heated ; 
but irthe ebullition becomes brisk explosion is imraLnent. 

A drop of nitro-glycerine falling on a cast iron plate mo- 
derately hot, volatali^es quietly ; if the plate is red-hot, the 
drop ill flames inimediately, and bums lite a grain of powder, 
without noise ; but if the plate is hot enough, without being 
red-hot, for the nilro*^lyc5enne to boil immediately » the drop is 
briskly deeom[>08ed, witn a violent detonation. 

Nitro- glycerine, esoecially when impure and acid, may de- 
compose spontaneously aHer a certain time, with release of 
gas, and production of oxalic and ^lycolic acids. It is probablo 
that s]K»ntaneous explosions of nitro-glycerinc, the disastrous 
effects of which the newspapers have made known, are occasioned 
by a similar cause, ^itro- glycerine being enclosed in well- 
corked bottles, the gas produced by its spontaneous deeompo- 
Bition cannot release themselves ; they exercise a very great 
pressure on the nitro-glycerine, and under these circumstiices 
the least shock and the slightest shaking may occasion an 
explosion. Kitro- glycerine is of a sugary, sharp, and aromatic 
flavour ; it is also a poisonous substance. In very small doses 
it occasions very severe headaches. Its vapour produces like 
effects, and this circumstances might well be an obstacle to tlio 
use of nitro- glycerine in headings in mines, where the vapour 
could not be dispersed as cftHily as in open quarries. 

Nitro- glycerine is not a properly nitrous componnd, analogous 
to nitro-, or bi nitro- benzol, or to the mono-, hi-, and tri- 
nitro-phenisic acids. For instance, under the intlnence of 
reducmg bodies, such as hydrogen, glycerine is set at liberty, 
and caustic alkalis decompose mtro-glycerine into nitrates and 
glycerine. 

3. Metkodn ofjmng Nitm-Glycerlne. — Supposing tliat it was 
required to detacli a mass of rock at 2.50 metres or three metres 
(8 to JO ft.) distance from the external edge ; a hole is drill</d 
about two to three metres (from 611. 6in. to lUft.) in depth, fivo 
to six centimetres (2 to 2.i inches) in diameter; after having 
cleared this hole of mud, water, and sand, 1,5CK) to 2»0O0 
grammes (3lbs. to i^lbs.) of nitro- glycerine are poured into it by 
means of a fimnel A small cylinder, in wood, ciird, or tin, of 
about four centimetres in diameter and five to six centimetres 
{li inch, 2 to 2^ inches) in height, filled with powder, is then 
put in. This cylinder is attached to a fuse, that penetrates it a 
short distance, to eniiuro the explosion of the powder. Ey means 
of this the fuse is lowered to the surface of the glycerine, which 
is known by practice. 

The fuse is then held steady, and fine sand is run in until the 
hole is entirely fiHcd. It i,«! unnecessary to compress or plug up 
the sand. The fuse is then cut ofTa lew inches above the hole 
and lighted. At the end of a few minutes the fuse bums down 
to the cyhnderand ignites the powder, which occasions a violent 
shock, and causes the nitro-glycerinc instantly to explode, The 
explosion ia so quick that the sand never baa time to be thrown 
out. The whole mass of rock ia raised up, tUsplaced, settles 
quietly down 'without any being projected, and a dull report is 
heard. It is only on the spot tiiat any idea can be formed of 
the immense force developed by the explosion. Formidable 
• jnasses of rock are easily displaced, and cracked every way, and 
Ifeady to be cut up by mechanical means. The principal 
' advantage is that the stone is but Mltle crushed, and there is 
but little waste. With charges of this nitro-glycc*rine 4^) to 80 
cubic metres (1,400 to 2,800 cubic feet) of pretty hard rock maj 
be detached. 



BELL-FOUNDING. 






Me. H- M. Blews, in his contribution to the receni 
published work, entitled *' Birmingham and the Midland Hj 
ware Diitrict," writes : — This trade seems to have been unknown 
in Birmingham till the middle of the last century, ^hcn a 
foundry was in existence opposite the ** Swan " at Good Knave's 
Knd, on the road to Harbcmc. This foundry sapplied peals of 
bells to three adjoining parish churches in 1760. Twenty yeari 
later, one i>ucker had a foundry at Hollovvay Head, and csst 
chimes, since which time there is no record of large church 
bells in peals having been cast in the town, although an ex- 
tensive trade in other descriptions bus continued to Jiourish am 
extend. Church, school, plantation, factory, and sliip bel,' 
still closely adhere to the roedia?vai type, fhey vary in w 
from half a hundred-weight to halfaton, the largest size no^ 
cast at Birmingham. There is a great demand for them in * 
home and nearly erery foreign market, including South Ameri^ 
and the Colonics, Bail way and dinner belh, from four to 
seven inches wide at the mouth, with a wooden handle attached, 
are largely used for domestie purposes ; and the tnaj^ 
of railways in EniijlaDd, India, Kupsia, Bra2il, Ac, havi " 
Bupplied from Birmingham. Musical hand-bells ar* 
made, but the demand is very limited, as they are aeldoi 
required by any but viUage rin^jing clabi. Cattle an< 
horse bells are oblong at the moutti, the aiee varying from^ 
three-and-a-half inches by two-and»a-half inches to seven' 
inches by three-and-a-half inches. They have conical sides^ and 
a square iron loop at the top. They are in preat denmnd for 
Australia and New Zealand, the smaller sizes being suited toi^ 
the Brazilian and South American markets. Sheep bells aiv 
circular at the mouth, and an elongated semi-circle in shapet 
with a loop at the crown. They are used in England, and ex- 
ported to the Cape, Australia, Sew Zealand, <i;c. House' "* 
are so familiar, as to need no description. Some excee( 
small bcUs, from f to 1 J inch, are used as an article of barh 
the African trade. Sleigh, dray, and caparison bells, small cir- 
cular bells, with an iron ball coat inside, are largely used in 
Canada and India, and command a limited f<ale at home. Duriag 
the last ten years nn increasing demand ha8 arisen for faocTi 
table, office, and call bells, constructed of the ordinary clockbell* 
mounted on a stand, and struck by the pressure of a spring, 
Kot very long since, MesBrs. Sohofield, Sons, and Goo«imi 
executed an order for 10,000 green bronzed and lacquered houi 
bells, 12oz. in weight, for a West African Brince, to adorn his 
new iron palace. Messrs. J. Wilson Browne and Co. recently 
also received an order from another African prince, for a numb^ 
of polished ship bells, in elegant brass frames, and mounted oa 
mahogany stands, some of which were engraved with the name 
assumed by the distinguished potentate« "Yellow Duke, Esq. 
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A neto Belt for Soldiers. — M* Heeremans. a B<^1gisn, has in- 
vented a belt ibr soldiers, which deserves the attenlton of i& 
interested in military afiairs. After an engagement or battle, ta 
idea may be formed of the miserable position of the wound^ 
who, without timely care and dressing for their wounds, ofkai 
perish without succour, or from the heats or colds tliat bring oa 
gangrene. The belt is bnckled on as an ordinary belt; it ii 
1*3U m. in length by 8 centimetres in width. It is lined outsnde» 
BO aa to receive a band of dressing of the same length, which \$ 
readilj drawn out. Close to the buckle are two india- 
pockets, containing, firafly, a bandage for a second 
secondly, lint, pla«iter, pins, a^c. The soldier weara it 
trowaers, and the totul weight does not exceed 160 grammes, 
about 6 ounces. In many cases the soldier would hi etial " 
dress his own wounds or those of his wounded comrades. 

the wound dressed, which might occupv two miuate«, „ 

may be used as a great bandage, whether the wound be in tl 
body or leg ; if in tbe arm it serves as a sling. This belt, of i 
slight a weight, and at a price not exceeding a &anC| doet 
impede the movements ol the soldier. 

Mieroitcopic Printimf, — One of the objects that have exdicd I 

tlie most curiosity in the recent exhibition at Toledo, wai a ] 
complete edition of Don Quijrote, printed in microscopic chA» J 
racters, on fiity-four cigarette papersi in four volumes. 
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THE AECHITECTUE.IL ASSOCIATION. 

Tkb regular fctrtniRbtly meeting of this Assocmtion was held on the 
9th November, Mr. R. W. E<^i^ Prcaidt-nt, in tho thair. Mr. S. Lane, 
Mr. M, Fer^ftson, Mr. William Day, Mr. Frcd^riL-k H. Ret-iJ, T. H. 
WaUon, Mr Arthur B rig jfg, Mr. Thorn na Ketlge, Mr. Reginald Worsley^ 
Mr. CV W. Mulligan. Mr. K. B. l'An»nn, Mr.C. EaU, Mr, W. Birdeevo, 
Mr. h Walker, Mr. W. H. Arbor, Mr. R. W. Woodcoisk, Mr Edward 
Newson, Mr G«onye Allin, Mr, F. M, Harvey, Mr. Charles Bell^ Mj. 
D. J. Rdh, Mr Talbert, Mr, Arthur Vemnn, Mr A. 8. Allain, and 
Mr» W. O, D&vic, were electtd mtnibers of the AasocLatiou* 

An addrev^s was then dt'Iivt^red upon 

THE DELATIONS WllTCH SH01TT.T) EXIST BETWEEN 

AECHITECTITIIE AND THE LXDU6TRI;1L AETS, 

By M. Dioby WY.irr, FK.LB.A,, F.SA. 

The Lecturer oommeaced hi» address by atating that, one 
primjirj object which he liad in addresnin^ tlie AHsociaiion was, 
to call the tttteiition of joiiuj* architects to the iinportance of 
being ready to seize U[>on any new invention or disjcorery, any 
new materia Lh, or procetuses, or revivals* uf ancient processes, or 
disused inareriak, and to fit, themselves for introducing them 
with judgment and success in their buildings. His purpose was 
not then to compare the relative merits of one style of iirehitec- 
ture with another* but rather to show the means by which all 
styles might most safely and surely advance and keep pace with 
the requirements of the age. There was a c<tntirniaJ debate 
about new styles of architecture.— a cry for something dilferent 
from the Classic or Gothic styles wnich were prevalent. It 
was not by inventing new stylestbut by improving and advancing 
the styles which we possessed, and by the introduction of new 
matenals, that architects would be enabled to obtain novelty and 
fresh nes<« in their work. Progress in the iridustrial arts was 
steady and constant, owing to their dependance upon the in- 
cessant wants of humaniLy, and there was a natural connection 
between those arts and the architect, as between master and 
servant. New inventions were being continually introduced 
to the architect, to be made use of in hi.s work ; and it was 
by availing himself of ibis natunil connection that the arelii- 
tect would advance in a right and safe path. Knowing this, 
architects .should take great interest in manufactures, in the 
introduction of new technical elements, and in the formation of 
new materials and procewses. *' More nuvi'lty" was to be got 
by altering and bringing in adjuncts from industriiil arts which 
bad not been heretofore habitually applied to architecture, than 
by attempting to use the old nuitenals which have been con- 
stantly used by our foretathers. and ti\isting them into forms 
different from tliose hitherto sei-n. Mr, Wvatt said, that if the 
members would carry their minds eye back fr^r twenty-five 
years they would at once recognise the ^rciit advances which 
had been made. He instanced first mosaic work. 'J wenty-live 
years ago that art had scarcely any exi.stence at all in this 
country* Now, one eould scarcely pass along the street without 
neeifig large pieces of pavement covered with it, so universaDy 
bad it come into use. 

It was also rapitlly spreading over wall surfaces, and he 
believed it would ultimately change the whole style of the 
interior architecture of the h^leH^ cci*lcsmHtieal structures of the 
land. Again, in the article of stained glass. Twenty -five years 
ago it was c|uite rare. Now, it is quite cnnunon. and its 
introtiuction or non-intro<lnction altercMi the eflect of the entire 
building. He thought they could scarcely have the brilliant 
colours in the windows without wishing to have colours also 
on the solid surfaces which surrounded the windows. And 
so the architect was led on to make his design richer and richer 
by the introduction of new materials. Thus he might restore 
to the skeleton of the grandest monument time had alone be- 
queathed to him from past ages, those elenienlH which once 
niade it a living form. The arenitect must engnift on the works 
of the past, tbe arts of the present, for thus alone could he 
emulate the beauty and grandeur ifrhich the monuments of (luf 
♦best ancient architecture presented. The nuison's art again had 
been essentially modified by the number of coloured materials 
which had been introduced. That alone had changed arehitec- 
ture within his (Mr. Wyatt's) experienee. Gri'at changes had 
been aJso wrought by the introduction of coloured pottery and 
bricks. From these the architect gained the only polychrfjuiatic 
eflect wbu'h could be gained in a country with a Variable climate 
like England. It was impossible to use artistic painting to any 



extent in England on exteriors, owing to its limited dtumbiHty, 
but all materials which were permanent, were at the dispoiml 
of the architect; and greatly as his range of choice had Ijeen 
recently enlarged, there was every reason to hope that in a few 
abort years it might be vastly increaaed. 

During the building of the Houses of Parliament, mainly 
through the efforts of Pugin and Sir Charles Barry, great 
advances had been made, ^^lule engaged in the construction of 
that national uiuh'rtaking, these great arcbitc^cts at once took 
advantage of every new art and brought it into use. Pugin 
made himself acquainted not only with excellent stone carving, 
but with metal work, wood wort, stained glass, encaustic tile 
designing, hangings, carpets, paperings, and in short with 
everything wliich could furnish tne monumtnt wbich he was 
a^ssisting to design. Especially in the unison's art great ad- 
vances were then made. 3 he old methods of vaulting which 
had fallen into almost entire disuse, were again introdueed. 
8etting out complicated stone work had almost died away, sine© 
the period when St. Paid's had been completed. If reterenoe were 
made to atiy general treatises on architecture of the last century 
— ^Batty Langley's for instance^it would be found that there was 
an almost entire blank in whatever related to stone vaulting. 
Tbe period from about 1780 to I83i> had been especially poor 
in this as in other particulars. A little while before tlie earliest of 
those dates, BloTidel hud published his work, *' on the arrangement 
of luxurious huuses and the decoration of buildings in general,'* 
wliich was far trom being so po<ir as t hose of the English writers of 
the em. There was the gardening and masonry, the iron-work and 
wood' work given in detail, and the whole of the directions for 
elaborately fitting up everv part of tlie structure. With hira 
tlie wood-work was not tlie simple rails and styh»s and panels, 
as given in the ordimirj' terms of a modern speciHcatiou, but 
the designs were much more varied, and intncnte, and taxed 
the ability of the workman. It was a kind of work which made 
the workman fed proud of its execution. In those days the man 
who did his work well was an honored workman. The same 
system ought to prevail at the present day. » That part of the 
art which might be called the industriab or to revert to classic 
cal tradition, the '* technical." was really the backbone — the 
substratum of architecture. He was fuUy aware, be said, that 
there were other branchen of study vintb which a student must 
be acquainted. But no knowledge of the higher branches of tbe 
art would <*onip(M)sate for the want of a practical acquaintance 
'inth the technical arts. In the ant^ient Greek structures it 
would be found that the basis from which tbe architects began 
their work was the perfection of their masonry. It was wrought 
]r)vingly with a finish and fineness, and the example of those 
micient architects showed that perfection in workmanship was 
no less necessary now, and eon.*stUuted the only means by which 
modem work could be made to gain as high a position in the 
world's estimation as had been won by the monuments of 
ancient civilization. 

Having considered the dependence of the mother of tbe fine 
arts on industry. Mr. Wyatt proceeded to touch upon the 
manner in wliiclu as it were by reciprcH'ation, industry was de- 
pendent on the line arts. lor instance, be said, there was a 
class of arts which were dependent on painting. Coloured 
surfaces could only be had upon the principle of mosaic work, 
or by th(^ addititui of colour superficmlly. The architect who 
had studied colour in connection with the industrial arts eould 
as easily design paper-hanging as he could any mon; structural 
mode of mural decoration ; if he could design paper-hangings 
well, he eonld also, by a little special study, h arn to design 
carpets, curtains, textiles generally, and be wouhl be in a position 
to exercise a trained taste and judgment in any department of 
industry, even to selecting or composing that most difficult 
problem a lady's dress. The same process of study carried ou 
fiy the natural principle of dependence which led from one art 
to another, enabled the student to follow out every branch of 
design. Having once acnuired a knowledge of general princi- 
ples, lie eonld. without ditJiculty. master the separate details of 
each specific branch, so if a stuJent made him selt acquainted with 
the laws of sculpture in its various plastic fonn.s, not only in 
the roumb but uixin flat plain surfaces, and also upon curved 
surfaces, he would be aide to apply all tliis knowledge on a 
smaller scale in relation to works of industry. By the natural 
sequence oftbings, everj^hingin the way of uesignmg gravitates 
naturally towards the architeet. His iilind should be trained to 
appreciate whatever was artistic with special relation to tbe 
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material employed. If an article were di?sij:^ed witli beauty and 
tantei the urckitecfc woald t?L*e it and ietd it th(* jiiomcnt hr looked 
on it; in fact, ha^nnp had the mental training, he could scarcely 
keep himself from the prat^tice of industrial design. Looking to 
metal work om an illustration, it woxdd Im* fouud that architects 
had nimoHt involuntarily of late years ehan^edits character alto- 
gether. The various book?* written by arcliaeolotfiatH luid called 
attention to this branch of industrial art, but the architects for 
the most ]>art had given th« revived and beautiftd forms it was 
now frequently seen to assume. Till lately it had been very 
much lost si^ht of, but when men began to thirds about it, and to 
insist upon taste in ironwork, improvement commenced, and 
people woidd not now tolerate bad designs. In this niauner not 
only artists, but the public and the trades were benefited. 
Now-a-days the public got a much better article than they 
did twenty or thirty years ago ; and this improvement in the 
industrial arts had been effected mainly through the influence 
of the architects. Artists and architects had not sought 
gufficiently industry, but industry had sought the artists. He 
(Mr. Wyatt) strongly recommended students to exercise them- 
selves in designing fur the industrial arts to which he had been 
referring. To design for those arts rei|uired tlie same general 
power of condiintng which was necessary in an architectural 
edifice. Thus whatever an artist dei*ignedl. he should make 
flpeciiic in its futiction ; if it were a box which he designed, its 
purpose should he home in mind, and it should be Hire a box, 
and not like twu books» as boxes were sometimes designed ex- 
ternally. The purpose of an article, as of a building, should 
always be expresaed by itn extenial configuration. 

Thi:^ same quality in an architect's mind which mad«* him 
design a church like a cluirch, or a warehouse like a warehouse^ 
ahould enable him to make a box like a box* or a chair like a 
chair; it should express the pui^mse, the right piiq>nse, and the 
class of purpose to which it wa< to be applied. iMuch improve- 
ment in this respect had been ellected, and it was mainly due to 
afchflBologists that it had come about. Artists owed a debt of 
gratitud*' to those who had brought together in museums the 
various br^autifui classes of objeels whieh hail been designed on 
these principles by the great artists of past ages. If, for instance, 
the golden altar at Milan, the Pala d'Oro at Venice, or the 
wood carvings on the screens of some of the Parisian rhim^heis, 
were studied, it would be found that ail of them had been 
designcil by men who had made metal work and wix»d carving 
subservient to architecture. An architeet's duty was to erento 
beautitul things, big or little, cheap for the million, sumptuous 
for the mill iotia ire, and he ought not to turn away fnjm the 
manufacture of any ordinary objects U|)f>n whicli the stamp of 
beauty might be impressed. Mr. Wyatt said he did not need to 
remind them of the number of architects who had lieen not only 
artists in their own particular branch of art, but had been also 
artists in the industrial branches. The middle ages Wf^n^ fruitfid 
of men who were not only arclntccts, hut goldsmiths and metiil 
workiTs, and who took as much interest in wood and ivory 
carving as in the design of a large building. He (Mr. Wyatt) 
hati with him a number of original designs by old mastrrs, 
which he had lately had an opportunity of purchisim^ in Italy, 
shcvviag that it was in the iHtwer of an architect fi> make him- 
self niziHter of tlie details, both of his owtj profession and of 
the i n tb I H f r i n I art s . (The sk e t che s were mos t ly d eta i 1 s o f Wfn:>d 
atid metal work, maiohca, wall painling, and stucco and sgralKto 
work.) Mt. Wyatt eontinued his remarks by observing that these 
sketches proved t!iat the men who were the finest draughtsmen, 
and the lincst artists, were also the men who eouhi best enter 
into the special teehnit^al rcquin^mcnts of industrial art. He 
believed tfiat wherever society had been higldy eultivatcd, tlte 
highest artist had been employed to make industrial objeetg 
beautifuL I^laiiy of the ancient architects were universal in 
their powers of design. The mc^i who were contemporaries 
with Kftfiael were sp<*cial instances during the period of the 
renaissance in Italy, and do ring the best times of (free ce and 
iCome» the same uuiversahty of power was noticeable. The 
«ame intirlleets which constructed the great buildings of tho 
country, were also able to descend to little inthistrial details ; 
and the same people whieh aiimired the one most iirolouutlly, 
tM>uId not t^xist without the other. For the opjM>rl unity of 
noticing and generalizing snvh facts regarding ancient wWk, 
Artists were much indebted to the Mancliesrer Kxhibition of 
1867. He had specially noticed at that exhibition the vitality 
which was shewn m every branch of artistic production at tlwj 



great culminating periods in the history of monumentaT 
There was a general harmony among the objects exhibited, an 
however remote and distinct the period of their prcwluctioii 
might have been, yet as the highest p^Lnt of artistic power vnu 
reached, there was found to be a (^omnion feeling pervading then 
all. It was the same colour lig!itiiig up the highest peaks, ai ' 
the beholder could see that there was the same art, the mtn 
nature, and the same God ruling above all. To the Cryst 
Palace, the Hotel Cluny, and the Kensington Museum also l' 
artistic world were under great obbgations* as in those intcre* 
ing collections the same geneml principles to which he* (M 
Wyatt) had adverted, were noticeable. 2io country in th 
world, not even France, had such a coUection in which th 
stucTeiit e^juld so readily observe the cotmcction between 
industrial arts and the architects, as we possessed, tlmnks 
Mr. Cole's energy and Mr. Kobinson's fine titste, at SoutJ 
Xensiugt^n. In the museums in Paris, it was true there wen 
many beautiful objects, mostly of the renaissance period, an4 
their " loan collection " of the year before last had been mo«t 
instructive. There might have been seen multitudes of old* 
processes worthy of active revival by modem architects, such as 
mlays, veneers, and new modes of designing joiners' and cabine'' 
makers' work, in the study of whieh latter the obsierver w 
made to take a delight in tlie ingenious conipliciition of the tr 
art workman revelling in his craft, and had his perceptions 
beauty in that tield of design altogether ciuickenetu There wcw 
also iu the Paris Exhilntion some of tne finest specimens 
Henri II. wart*, especially suggestive for cerataic revivalists, i 
well as some beautiful specimens shewing the art of npplyuij 
enamel. There had been anotiier continental exliibition, especially 
interesting from an ecclesiastical point of view, at Mayctio 
Mr. Wj^att produced a fine series of photographs of articles 
that museum, whieh he considered were extremely interestin 
especially those showing the metal work of IS'amur, wrought F 
that magnificent art worktnan ot' the thirteenth cejitury, *' Hu^ 
des Oignies," and the *'dinanderie," or old ecclesiastieal *' lattea| 
work of Dinaut. 

In speaking of the relations between the indastri&l arts i 
th(* architect, Mr. Wyatt begged his hearers to bear in min 
that it was not only the indtis trial arts which might be benefit t4? 
bv drawing closer the bonds of intimacy, but that the archite< 
alao would be correspondingly and reciprocally beuefitlod. Thrtv] 
was no class of practice whien was more improving to the youni 
architect than one in which he could not only design, bat couh 
have his dt?sign executed. There was a great dilTerenc^T betwivi 
making such a design and one which jiassed only to the student'! 
portfolio, without being really put into eJteeuhon, The lattc^ 
had not half the instruction wdiich it would have were it 1 
be executed. Only tJwn could the designer dvsco%'er his taulU 
Execution was the crucial test of a design. Now, a student c 
young architect could rarely get this test iti the form of a Urg 
building, but he could readily in some small industrial objtMS 
which might only cost a few shillings ; and thus his Ux^Ui an 
judgment were exercised, and he was trained for larger work 
when calh-'d on to design upon a larger scale. With tfud^ 
prnctice and ex^)erience, he would not be nervous about how hit 
building was going to lcK>k. Let him but give himself a trainin 
in designing industrial ohjcets. and he would find that he woul| 
f ^a si 1 y ant iei pate what his drawing was going to look like, ( 
this tnowledge would give him strength to advance when i 
to deal with responsible problems. A somewhat ba§i«| 
sideralion (Mr, Wyatt saia) was the emolument to be 
from designing industrial objects. The mauufacturrrs of th 
country vrere earnestly looking out for intt^ligenee. Manufai 
turers did not want dmughtsmen and modellers only, butarthtti 
^ith knowledge, taste, and talent. Many of the industrial Ar\ 
had improved, but there was still much room for advauoi 
ment. He held it the duty of every architect whocoxild deaig 
to design for this class of objects. * It should be the pride of i 
those whose occupation it was to deal with matters or benulj 1 
endeavour to advance the industries of the country aod of f^ 

all its forms. The aim of tlie British architect should 1 

all art should he perfect. Just as among the ancient Gf^ 
everything was perfect from the Parthenon to a little neck 
from the pliilosophy of Plato to the gem he might hava wo 
upon his fijiger. 

Mr. S PI BBS said the subject wbiuh had been brought before Um 
Aasc3ciatioa hy Mr. Wyatt wa4 moat itupurtant, and doeerv^t^d tb« «arn»tl 
Attention of young arcnitecta. The euurmouA extent of the pubhciiiflB 
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of drawin^t and photographs of every knnwr* style had since the sixteenth 
century produr^ed a perfect chaos, in whiLh it was difficult lo Bteer, m 
thai ta an ordirtarv domestic dwelling, ob maoy diiitiDct styles might be 
fbfVlfid m the furniture^ oarpeta^ &e., as there were rooms in the house, 
or even articles of furniture. In France, however, a certain consiBtency 
had alvaya existed between the interior decorations of the rooms, furni- 
tun?, Ac.t and Ihe exterior archileclure, — so that each of the reigns of 
Ix»uis Xlll.f Louis XIV,, and Louift XV,, may be Mid to haveposaeued 
a distinct style. Thfl architect's altention, therefore, should bo drawn to 
the funiiture of a house, as well as to the exterior deaign. Ho (Mr. 
Spiers] had noticed a growing interpst id industrial suhjfcts in the class 
of design in connection with the AsAocmtion. Sidi^boarda, cMmnoy- 
pieoea, church plate, &c.^ had been treated at various times, and last year 
the decoration of a chancel aruh, an extremely difticult subject, had been 
well worked out ; it was not probable that an architect could be called 
upon t4} design fresco paintings on church walls, hmt it was as well he 
ahutild hive ideas and judjrment in the matter. Nt-'Xt year, when the 
Paris Exhibition is opened, wo shall have an opportunity ot judging 
of the progress made in industrial art since 1862; he (Mr. Spiern) could 
remembt-r the Exhibition of 1851, and was able to not*' in 18t»2 the pro- 
ffreaift which had been made in the interim, Wbiht wc had learnt much 
fram our French nei^^h hours before, now perhaps somt-; thing might bo 
learnt from Engltsh work^ and in do branch more than m tbnt of stained 
glass and iron work; whilst in architecture proper, the employment of 
Gotourcd materials, of bricks, tiles, marble, &c., in our exteriors, might 
offer many suggestions to French architects^ who hitherto had detiigmd 
in plain stone only. Mr. Spiers csoncl tided by moving a vote of thanks 
to Mr. Wyatt for his excellent lecture. 

Mr. Mathews seconded tlie vote of thanks. The Association was 
greatly indebted to Mr, Wyatt for bis valuable lecture. It was one that 
membert would do well to think over, and act upon. He trusted it 
would stir them all up to attention to the minor details of their art. 

The pKFiiDKNT, in putting the vote of thanks, obsei-ved that it was very 
disagreeable for a young architi ct to find after he had designed his houao 
with nil care, that the external effect was to be entirely marred by the 
wntctitd design of the chain* and other furniture in the internal era- 
bellifihmcnts of the dwelling. Architecture was not only an art but a 
■dence, and the student must bear in mind that if he studied it only aa 
ma art, and not aa a science, he was in danger of becoming a merB 
theorist. He quite agreed, howev^er, with all that Mr. Wytilt bad said, 
but considered that the une difhcuKy was the greater expem^e of furnituro 
specially designed ; he believed that arohiteets were sufhciently com- 
petent to des'ign artistic furniture, hut it was somewhat diihcult to design 
it sufficiently inexpensive. EngH'^hmeti desired cheap articles, and they 
would rather endure the ugly designs than pay more for renlJy artistic 
work. He {the President) had often tried to get clients to have fumi- 
tnr© d«iaigncd, and they had always said, ** what will it cost?" The 
answer of course was that it would cost a littlo more than ordinary 
furniture^ and the people had always declined to get it done. It was 
only when tnanufacturers could be got to do things cheaply from arthi- 
teeta* designs that art furniture could he obtained. So long aa they threw 
obstacles in the way oi the artist, so long would the present system con- 
tmue. He could not comprehend why cheap things should necessarily 
be u^ly things. The common artides of the ancients were always 
beautiful aiidsinli^iic, and people now paid high prices for antique vessels, 
which were probably once cheap enough, but would anybody, four or five 
hundred years hence, give guinens for a ginger beer bottle of the nine- 
teenth century I It was qtiito char that the relics of aucient times which 
were stored in museums wcie valued because they were objecia ot boatity. 
In those days, mechanics were more or lesa artists, and artists were morv; or 
leas meehanica. They designed carefully, and all worked co-opeiatively 
together. Why things coulu not bo done as well and as arti«tical]y now» 
he could not t«Il ; but if an artist took designs to a tradesman, he would 
find the c<>st from titty to two or three hundred per cent, above the price 
of the articles they put in their windows. The President concluded by 
thanking Mr. Wyatt for his valuable address, and putting the vole of 
fhjinks. which was carried unanimously. 

Mr, VV^ATT, m thanking the meettug for the vote of thanks, obaervi-d 
that the difficulti' s which hnd biH^n referred to were but addtlional 
KMoni why archii^'cts shonki give greater attention to the subject he htid 
hftd the honour of bringing tic fore them. Manufacturers might be atill 
ecmaervative m their trade principles, but tbey had been w*cll »lirred up, 
and ought to he so still more, and made to move on in the etirrent of 
improvcmint. Pugin did much to urge them forward in the path of 
progreas, and it was by other architeeta continuing what he had so well 
commenced tliat orchiteeta would soonest obtain what they all desired-* 
obje>cla of industrial art in gixid tJiste, and at such moderate prices as 
ehonld render them rather the rule than the exception throughout tho 
country. 



Spani'jfh RaiItpai/s,—Thc lino of railway crossing the passes of 
Sierra Monnia is now open for traffic ; thus the journey may be 
made without int<*rriiption between Paris, Madrid. Cordova, 
Seville, and Cadiz. Within a few months, Madrid will bo 
united with Liabou by ihe Badajoa Eail way* 



RAILWAY BRIDGE AT LA PLACE DE L'EUEOPE. 
PARIS.* 

By Thomas Caboill, C,E,, A,B. 

(With EnffravtHfiii). 

As a Datioa. we undoubtedly enjoy the distinction of harinjg 
been the ftrst to iiitrciduce and adopt thi? present system of raiU 
way cn^inecriuf?. We were the pioneers of steam locomotion 
in ^Prance and on the continent generally, and are, et this very 
time, actively enjtfaged in carrying into far diHtatit lands tho 
benefits which have accrued to ourselves from its constituting 
the most prominent uf our internal resourccH. Tlios^e who are 
the Jirst to witness the advent of an improvement, whether its 
ori^n be fortuitous or otherwise, may naturally be eii>ect4?d to 
be also the lir^t to imitate it, provided tbey have the 
sagacity to di.^tin^nish between aa impn^vement and an 
innovation. Every innovation is not an improvement, nor 
is every novelty a reform. There are still railways in 
progress of construction in France whose profeKsiona! head- 
quarters are to be found in Victoria and Great George 
streets ; but tht*re is no question that a f^eat proportion of the 
work formerly designed by EujUjlish engineers ana execut4?d by 
English coni motors, is now carried otit from ftnst to lai>t by the 
French tkenijielvcs. They have now their own engineers and 
contractors, and wc no longer possess a professional monopoly. 
Viewed in a jealous and nurn>w-minded light, this may appear 
a matter of regret, but to the man of enlightened mind» to the 
engineer anxious for the advancement of his profession, for the 
thniision of its utility, and for the universal recognition of the 
truth and soiuidness of its principles, it is a subject of cordial 
congratulation. A vast diirerence exista between an abstract 
principle, theory, formula, or equation, and its application to 
actual practii-al cxnniples. The former are the embodied resulta 
of scientific researches and naturiil laws, and are umdternble; 
the kUer is susceptible of infinite variations* Given certain 
theoretical data in common, every engineer will deduce an 
identical theoretical result ; but no two will produce an 
identical practical result. The dificrence, probably, may not 
involve any departure from sonud and established principles of 
constTUction, but it will, in all cases, be suJliciently marked to 
indicate that the designs emanated from difierent individuals. 
Thus, ever^v nation will practically apply those principles of 
science which it may either have discovered itself, or received 
from a neighbouring people, in a maimer most in unison with 
its own particular tastes and ideas. Henc-e arises the direriity 
of execution attending similar designs, since the charaeter and 
style of the work will always be, more or less, strongly tinctured 
wttli those peculiar habits and opinions which, in fact, constitute 
a nation's individuality. Consider the infiucm*^ of succeeding 
nationa u[>on architecture, and the maimer in which various 
styles sprang into existence among difierent people. W^ith 
respect to ourselves, it must be admitted, however unwdlingly, 
that our ideas o^ architecture are becoming rapidly merged into 
an appreciation of the cajvabilitics of iron, and ail our efiorts to 
maintain its ancient grandeur and beauty are confined solely to 
ascertaining how far this modem substitute for atone and 
timber may be rendered subservient t-o its interests. If an 
engineer of the present day required an inspiratnoii to complete 
his design, Vidcan is the only deity he could h^gitimately invoke 
to his a^sislanc4>. A stone bridge, of dimensions sullicient to 
render it worthy of the name, will soon be a rarity, not only in 
this country . but on the continent and elsewhere. 

The physical features of a country no doubt exercise a eoa- 
sidcrable influence upon the most advantageous method of 
consinicting engineering works within its boundaries. So far 
as iron structures are coneenied, they appear t*j be indepen- 
dent of this influence, for we have erected bridges and roofs in 
Bnssia and India ditfering in no essential points from those put 
up in our own country. The mtrcjduction of railways and that 
ot iron bridges was ecmtemporaneous, Irc#n bridges may be 
divided into two principal classes, vij!„ those carrying railway 
trnfljc, and those cjirrymg ordinary road or street trafiic. It is 
only recently, comparatively speaking, that iron bridges hare 
been employed for the purpose of carrying rood or street traffic. 
They were generally eontiricHi, in tlie early days of railroads, to 
carrying the railway over an interveuing space, and were con- 
sequently limited %o under bridges. The over bridges were 

* R«ad belbra the Society of £]igiii««n on ika Ith uU. 
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iiaiiAllj built of masonry or brickwork. Lattprly^ however, this 
restriction has been removed -, and considoriDg the success that 
has, in every point of view, attended the ereation of Westmiiisicr 
Bridge, and tiie probable suc^'ess that will also accompany the 
construction of new Blackfriars Bridge, it is almost certain that 
our next street bridgo over the Thames will be constructed of a 
similar material. An example of the erection of a wrougbt-iron 
bridge for the purpose of carrying street traflic. has very recendy 
been afforded m Fans- It \a the object of th'' present paper to 
give a general and detailed account of this recent construction, 
which possesses some features of peculiar interest t^o the enii^- 
neer. The locality where this remarkable structure is erected 
is known by the name of "La Place de 1' Europe/* and is apjiro- 
priately so termed, since it is the common tocus to which 
converge six of the principal streets of Paris, named respectivelv 
••London-street,*' ** Berlin-street," '* St. Petersburg-street?* 
** Conatantiniiple-atreeir*' Vicruia-strcct,** nnd *' Madrid-street/' 
Without reflection, it might !)e supposed, gniiiting that there 
was a choice in the matter, that it is bad engineering to run a 
line across the junction of roads and streets, whereas it is in reality 
a point to be aimed at in laying out a line of railway, as one 
bridge thereby answer the purpose of several. It is true t!iat it 
will probably be larger tban any one of the others considered 
separately, £ut it is cheaper to build one g<xxl-sixed bridge than 
thrc^e or four small ones. The late extensions of our metropoli- 
tan lines in and about London will tuniisb numerous examples 
of the junction of several roads and streets being crossea by 
railway bridges IxUli imder and over The plan of the bridge 
evidently owes its peculiar and irregular shape to either the wish 
or the necessity k>r preserving the directions of tlie converging 
streets imaltcred. In Lfindon. where a glance at the raiUays is 
sufficient to convince the observer that the (piestion of utility is 
paramount to every other con si deration* we should unhesitatingly 
nave sacrificed the gardens in the angidar portions of the grouuj, 
diverted each pair of side streets into the main channels, Berlin 
and Madrid streets, and by so doing reduced the size and cost 
of the bridge to about a third of its present dimensions and 
value. There is very little doubt, however, that tlie engi- 
neer had no choice in tbe mu(4er ; a paternal government marked 
out his ground^plan for him, and all that he had to do was to 
employ bis protessional skill and ability in designing the most 
suitable bridge under the circtimstances. In eonsequenei^ of 
the bridge being close to a station, viz., the terminus of St, 
Laxare, there are numerous sidings and turn outs runniiiff in 
aU directions under the bridge. The main lines are, tlierelore, 
considered to be parallel to two of the piers, and to one of the 
nbutmcnfs, and uicnv latter will be relerred to as the piers and 
abutnient on tbesfpnire. and tbeothiTS as the pier and abntment 
on the skew. The shape of the bridge on plan (see tig. 1, 
Plat4? 4i>) may be subdivided int<:> three parts — tbe centrai 
portion, and the two side portions or wings. The reason for 
the introduction of tbe skew pier is not by any means 
clear; it appears to have been introduced for the purpose 
of giving an unitYirinity of span to a number of the inter- 
mediate girders, which have the other end resting upon tbe 
abutment on the skew, to which it is parallel. It crrtainly 
divides the whole distance into two spans j but a single eoluinti 
of masonry or cast-iron pillar would have accomplished this 
result equally well, without tb(* necessitating a enntinued pier of 
masonry. Ibe girders may be classed under tbe following 
beads — face girders, or those which can be seen in elevation, 
hxiking from the railway on each siile of the bridge ; inter- 
mediate girders, or those niuning continuously fr<mi abutment 
to abutment ; girders in the angh^s under the converging streets ; 
and, lastly, the cross girders, l he face girders are six in number, 
two of which AB. CJ). are called the central girders, and are the 
only two absolutely identical in span and other details out of forty- 
one, wbicb constitute tbe entire number of main girders, as dis- 
tinguished from crctss girders. Tbe span of these central girders 
is 82ft. The remaining four face girders Iiave the following 
spans V, or that under A'ienna-strtH't has a span of 137 29ft. ; L or 
tnal under London-street is divided into two spans, of which the 
shorter is 72t>2ft. in length, and the longer 19l*80fL, being the 
longest single span of any girder in tbe bridge. The girder 0, 
under Constantinople-street, is 137 25ft. in span, and may be con- 
sidered identical in nil rcspeels with that under V'itnna-stTeet, 
AS the diirerencf* in their relative spans is only 004 of a ft>ot, or 
just half an inch. The other face girder P, under St Petersburg- 
street hats a span of ll2'47ft. >Vitb respect to the rest of the 



main girders the plan of the bridge may be divided as folio w®^ — 
a central portion, comprising all the intermediate girders, and_ 
the four angular |>ortions, connect^*d respectively with tb " 
girders already mentioned. The intermediate girders, runnin 
continuously from the squarci abutment to the skew one, ap 
nine in number. Of these nine, Noa. 1. 2, 3, 4 are regarded 
continuous over three spans, and the remainder, ?fo«. 5, 6. 7, 
9, extend over four. Strictly speaking, Nos. 2. 3, and 4 are conj 
tinuous over four spans, but the span between the skew pier i 
the square one is so smali as to be disregarded. It wou 
be to no purpose to give the total span of any one of ihesi 
nine girders ; it will be suflieient to mention that the total Rpaj 
from abntinent to abutment of tbe shortest Xo. 1, is 304'SH>.{ 
that of tbe longest, ^o, 9. SiD'H^ft ; and that of No. 6, 322*811 
which may fairly be taken as the average total ^pan 
tlie whole nine. It wHll be seen that the three same spaii 
in each girder have the same constant length. Tbe gp 
from the square abutment to the square pier is consta 
for the whole nine, and is 98"4i)ft. j the central span, from oi 
square pier to the other, is also constant, being 82ft. in lengtli ; 
and the span from the skew pier to the skew abutment is the 
same for al I . a n d i s 1 T Ui ► ft . i n 1 ength , The varia bl e q uan ti ty is 
the span between the square ami tbe skew pier. The distaace 
from centre to centre ot the intermediate girders is 16 72fV. 

Passing on to the girders situated in the angles of tbe bridges 
we will comnienee with those under London-stn*et. They are" 
eleven in all, seven of wbicb rest partly upon tbe skew abut- 
ment and partly upon tbe face girder, and have an average span 
of tH.23ft. The IN niaining four bear at one end upon the skew 
abutment and at the other on the skew pier, and are not 
tiiiucHis over it. They have, tbereforc, a constant span 
lul'9<>ft. The distance from centre to centre of the nine int*' 
mediate girders is 18 14f^., being about 18m. more tban that 
the intermediate girders. The girders supnorting Vieuna-streti 
are five in number, and supported partly ny the square abut4 
meat and partly by the face girder. The span of the shortest i 
2l"95t\.. and that of the longest 97*19ft. Uf those under Cm 
stantinople-street the shortest has a span of 23 4' >ft„ and th 
loagest of 9.'i"65ft. Those under 8t, Petersburg-street are als 
five in number, the first having a span of 7'2ut\. and the la«t o 
102"29ft. Tbe girders under Vienna and Constantinople strcetil 
are 18" 29ft. apart from centre to centrt\ and those under St. ' 
Petersburg-street artjolaced the same distanet* apart as the in- 
termediate girders. Tiie reason for these varying distanoes is 
prol>ab]3' the desire to divide the spans of the face girders into 
a nuiubor of bearing points equally distajit from one aTiothcr. 
Tbe cross girders are arranged parallel to one another, hut their 
respective spans aiv not constant. Those in the central part of 
the bridge placed between the intermediate girders have a span 
of 15 "2 1 ft., and those between tbe girders in the anglefi of 
I8*92t"t. All tbe face girders are wliat are known as duublt? 
lattice girders, and, in order to preserve an unif« trinity v( 
appearance in the elevation, have tbe same depth, althougli tiicir 
spans vary considerably. The intermediate and the girdcn 
under tlie side streets, with the exceptionof those under Vienna- 
street, are also of tbe double hiltice form, but of a simpjti ' 
description. The girders in the corners, in consequence of th 
limited dimensions of their spans, are single lattice girden 
Tbe girders resting upon the faced girder snpiwrting Vienn 
street are of ibe plate form, two of them being single or ph 
irirders proper, and three of them being double^ or wliat f 
known as box girders. The whole of the cross girders une ph 
girders. 

One of tbe principal ditlicuUies to be overcome in the ooo*^ 
struct ion of the present bridge arose from the streets hein^ co 
ditierent levels. It is a common enough observation that **h€U 
are sfnbbom things." Well, levels are engineerif' fact!!. Thty 
cannot be disregarded or got rid of. A aiver^ir>n ofti 
stream may frequently be accorapbsbed in half a i Y^ 

wavs, but given a certain height to rise in a cm td 

and there is no choice but to adopt the only gradjent thai 
be got. The rise in Vienna-street is 1 in 28, the whole rise 
tbe street being obtained in the span of the taee girder V, Ihf 
roadway continuing horizontal over the central pjirf of tK*» 
bridge. This dilFerence of level is provided for by c*'t 
the girders resting upon tbe facM* girder with entU » 
depth. Tbe consequence of this dilference of level in the sfi 
is to cause tbe roadway to hv suspended at about the 
vertically, of the face girders, and to product* both oiiiinph 
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and unseientifit? appearance* The diatributioD of a load either 
QTer the top or bi>ttom of a girder appears, so to apeak» natural ; 
but the position given to it in the elevation haa not only rather 
an iinsijijhtly appearance, but in the very worst position a load 
can omipy, eince it is in close proximity to the neutral axis of 
the girder. The actual disadvanta|]jp resulting from so pkeing 
the load depends, in a great measure, upon the amouot of 
vibration ext*msed by the moyeable portion of it. Iti abridge 
similar to that at the Place de I'Europe, where ordinary street 
tralBc has only to be provided for, the concussiye aclion of a 
moTtng load may be neglected, as it will be absorbed in the mass 
of the bridge, whose tfi^ iitertia would more than eoiupeusate tor 
any shght shock oceaaiooed by the passage of a very heavy 
weight. In railway bridges, unless of very large span.s, these 
oonditiooR are reversed, the moveable load preponderating over 
the fixed or static load. The author considers that the face 
pirder supporting Vienna-street might have been placed on tbe 
incline of 1 in 2H, and the central girders raified to the level of 
the p»resent Btreets with coosideraljle improvrmeut in point uf 
appearance. The roadway and its support would then uppear 
in their proper relative posit iona, the centre of gravity of I he 
whole Btrueture, together with it» load, would be lowered, and 
the rigidity of the bridge increased- The cost of raising some 
of the pier^^ would be counterbalanced bj the reduced height 
in tbe abutment, and, if otbcrwine. the additional exi>ense would 
be very trifling. The end spans of Lambeth Bridge are upon an 
incline of 1 in 23'3ii, and^ although it is by no means a handsome 
structure, yet it is doubtful whether the melination of the shore 
ends has anything to do with itH want of beauty. The masonry 
of the Paris bridge orcsents no features worthy of particular 
notice. The piers and abutirients are faced with coursed ashlar, 
dressed and chamfered, and relieving arches are built in them 
between tfie solid pilosterH, supporting the ends of the girders. 
Xbc greatest pressure ujwn the squnre abutment \n 1 8'i tons per 
i«quare foot n\K>n one of the square piers, aud upon the skew 
abutments 2 tons, and upon the other square pier and upon 
the skew pier 3*2 tons per square foot. The greatest pressure 

Eer square foot immediately under the bearing of any of tbe 
irge face girders does not exceed 3 tons, 
in a longitudinal section of a portion of the roadway, see Fig. 2, 
the cross girders are shown fi'6»'ft. apart from centre to centre, 
and between them are turned arches of hollow bricks. 9in. deep, 
and weighing <V145 ton per tlsot run. Ihe haunches of the 
arches are filled in with thin concrete, weighing 0" 108 ton per 
foot run. Over the arcbca is spread a layer of asjihnltum, rather 
more than :lin. m thickness, and weighing per same unit of 
length fJ'tll& ton. On the top of the asphaltum the metalling is 
laid ; it is I ft. in depth, and weighs 0356 ton. Adding tho 
weight of the er«>s« girder itself, equal to 0*ni^2 ton per foot run, 
we obtain for the total weight, supported by the cross girders 
per running f<x>t, 0-66 ton, or nearly 13^ cwt. This weight, 
towDver, is only constant for the cross girders Hituated in the 
angles of the streets, and in the end spans of the intermediate^ 
girders. Those in the centre of the bridge, owing to the greater 
depth of metalling, carrj' half as niucli Again, and may be there- 
fore said to have a load per ninning foot of exactly 1 ton. 
Making W to equal the total weight per running foot, and 
patting d for the distance of the cross girders apart, we (ind 

*-=- = 0'1(X)6 ten, the weight per square foot of the crosa girders 

and roadway. Adding a pr<x>f load of 00306 ton, we obtain 
0-1372 ton as the total load per square foot. The weight of the 
main girder is, of course, not included in the above calculations. 
In a similar manner, the maximum weight per square foot, 
occurring in the central part of the girder* will be found to be 
0*1828 ton. Tlie nnninuim lond per superficial foot is therefore 
2}cwt., and the maximum a little under 3jcw t. Of this total 
load, the portion OtXiBtiton reprt^sents the maximum live weight 
per square foot supposed to be brought upon the bridge, and is 
equal to 82lb. This is nearly the projjortion adhered to in many 
oi our own bridges. In apportioning the live load upon a bridge, 
the chief points to be regarded are its size and character. A 
smaller load per square foot may be assumed as the maximum 
for a large bridge than for a snmll one, a< the etieet of any 
▼iolent and sudden transition of a live weight will be more 
aeverely felt in the latter instance than in the former. Again, 
thfi situation and character of the bridge determine whether the 



ordinary assumption of the weight of a dense crowd ag a 
maximum load is tenable or not. An iron bridge, espedalJy a 
lattice, offers pec\ilinr facilities for being loaded to an amount 
considerably above what could possibly come upon a stone 
bridge having the same area. Imagine the bridge at La Place 
de TEurope under the circumstances attending a public royal 
departure from the tenuinus of St. Lazare. It is not too much 
to assert thtit not only every inch of space available upon the 
roadway and footpaths would be occupied, but every part of the 
aides and top ; every nook and comer into which a Land or foot 
could be inserted, would be taken advantage of for the purpose 
of si^ht-seeing. Any bridge situated in alocaOty similar to the 
one m question, is liable to be thus overloaded. The author 
has seen the chains of Lambeth Bridge covered with a live load, 
in addition to the platform. 

The manner in which the final thrust of the hollow brick arches 
supporting the roadway is disposed of is very ingenious, f^ee Fig. 2, 
It is manifest that although the arches rest upon the cross 
girders, yet the thrust of each half arch is rt^sisted by that of it§ 
neighbour, acting in the opjjosite direction. This' proct'ss of 
thmst and resistance is continued until we come to the last half 
arch, which has no fellow to take its thrust. This thrust is not 
taken by the abutment, as might be supposed, but the following 
method is employed. The last cross girder, upon which the 
arch rests, is tied by strong plate braces to the last cross girder 
but one, at the points of its bearing upon the main girders^ thm 
transferring the thrust to these points. As an additional pre- 
caution, the last two arches arc ticd» the last by a diaphragm, 
and the last but one by a ilat tie rod. This arrangement makea 
tlie iron and brickwork to form one complete frame, so that if 
we were to imagine the whole superstnicture lifted bodily ofl'ita 
supports, it would still be self-containing. If the thrust of tka 
last half arches were taken by the abutments, the efleets of the 
expansion, by alteration of the temperature of the main girders* 
wouJd be accumulated upon them, and the consequences might 
be serious. By the method adopted, the total expansion is sub- 
divided at every cross girder, and the efiect upon each arch is 
inai>preciable. 

The limits of a paper of this nature will not permit of a 
detailed investigation into the proportions and dimensions of a 
the various girders constituting ihe superstructure of the bridge, 
and. morcHwer. there would not be the slightest practical utility 
in attempting the task. A description of the details of the most 
prominent will ampljr sufiiee to give n clear idea of the manner 
m which the work is designed and executed, and to multiply 
examples on a smaller scale would be wasting both time and 
labour. It has been already mentioned that the girder Y, under 
Yienna-strcet, has the same span as that under Constantinople- 
street, and since that under bt. Petersburg-street Irns a smaller 
span than both, we shall select the first as a fair type of the 
three. It is shown in elevation in Fig. 3, and m section 
in Fig. 4. Its construction is peculiar, and consists of two single 
lattice girders, connected by a strong vertical diaphragm, but 
with a small space left between the respective flanges. The 
span being 137-29 ft , and the depth 16*40 ft,, the proportion is 

very large, being^T^y-It is clear that the girders under Yienna- 

street transmit half of their load to the abutment, and half to 
the main girder Y, and that in conaequenco of the ineqnahty of 
these loads, the main girder is very unequally loaded ; the 
greatest weight being brought upon it at one extremity, and the 
leaat at the other. 5 he girders are placed iS'UOft. apart, and 
in order to find the total amount of the load brought upon the 
main girder we must first ascertain these weights separately. 
Taking the weight per square foot of the cross girders and 
roadway 01 372 ton, and multiolying it by the distance, 1830 ft., 
wc have 2"52 tons as the weiglit per foot run of the girders V* 
to V^, which is constant for all of them. To find the weight 
transmitted to the main girder by each of them, let P equal the 
constant weight of the foot run, and p the weight per loot run 
oi* each of the girders itself; making / to equal the span, and W 
the weight brought ui>on the face girder by any of those Y* to 

(P + />) X / 
V^t we have W=^ — — ;-— In the annexed table the 

weights, calculated by this formnla, are given witb tbe respective 
values of the letters : — 
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(P Xp) X i 
^ 2 


• P=2-51 toM. 




P 


I 


W. 


ys 
y6 


0-089 
0-119 
0-179 
0-270 
0-323 


22-46 
42-21 
61-03 
»V50 
99-84 


29.198 

55-295 

81-7>^0 

111-895 

140-732 



Adding together these separate weights, we find the total 
load transmitted to the main girder to be 419 tons. The girder 
itself weighs 8-i tons, which will make the total weight it has to 
carry, in roimd numbers, 500 tons, which is equivalent to 3*65 tons 
per running foot uniformly distributed over it. From the un- 
equal manner m which the load is brought upon the girder, it 
cannot be designed upon the usual hypothesis of an uniformly 
distributed load, and will, therefore, present two principal points 
of difference in comparison with girders designed on that 
assumption. One is that the reaction on the supports, and con- 
sequently the strain upon the ends of the girder and the lattice- 
bars, will not be equal at both estremities ; the other, that the 
point of maximum strain on the flanges will not correspond with 
the centre of the span. It should be remarked here that the 
French engineers in their calculations have taken the clear span 
between bearings, and not the distance between the centres of 
bearings, as is sometimes done. The reactions upon the abut- 
ments can be easily found from the principle of the lever, upon 
which is based all the theory of horizontal girders. Let R and 
B* be the two reactions, taking R to represent the greater, or 
that upon the square pier, and R^ the lesser, upon the abutment. 
If ic', w^, to*, Ac, be the weights calculated for the girders. V*, 
V, V*, &c., and cP, d?, d*, &c., their distances from the abut- 
ment, L* the span of the girder, V and W* its total weight, we 
have 

R = ^ J., 



•->? 



Similar] 



•ly,E' = ( 



w»(L'— rf»)-j-y (L' — <?) + ...Ac 



)-? 



The value of R is thus found to equal 350 tons, and R* = 150 
tons. It is evident that since the total weight supported by 
the girder is equal to (R -f RM, when one of the reactions 
is known, there is no necessity for working out the equation. 
The principle adopted by the French engineers in designing 
the giraers is that of determining, firstly, a minimum section of 
flange which is constant throughout the whole span, and then of 
adding such additional plates at the centre and elsewhere as the 
amount of the strains may render necessary. The reverse is the 
usual method employed by us. We generally first ascertain the 
maximum sectional area required, and then drop the flange 
plates accordingly as the decrease in the strains towards the 
supports will allow. The former method is synthesis; the latter, 
analysis. The object to be gained in making each girder to con- 
sist of two separate girders is not by any means apparent, as all 
the diaphragms and stiffening in the world would never make 
the two act like one, and necessarily involves a much larger 
amount of bracing and extra material than what would be other- 
wise required. This will be evident on comparing the diaphragm 
in the sections with the light lattice bracing between the 
separate bars in the Charing Cross and Blackfriars railway 
bridges. The diaphragm is composed of a plate Jin. in thickness 
and IS riveted all round to angle-irons 4jin. X 4vin. X |in. To 
lighten the material a piece of the upper part of the plate is cut 
out ; but although this occasions a slight saving in weight it 
causes none in the cost, as the metal cut out would have to be 
included in the estimate. The distance between the centres of 
the flanges of each separate girder is 4-92ft., and the breadth of 
each flange is 1-47 ft. There is another peculiarity to be re- 
marked in the manner in which the sections are built up. It is 
the introduction of the angle-irons at the outside edges of the 
flange plates, which almost seem as if they were placed there for 
Uie purpose of covering or protecting the edges. The compres- 
jiion bars are of channel iron, which is undoubtedly the best 
lection that can be used when a large sectional area of strut is 
required, but it is not so well adapted for bars of a small section. 
For these, and, in fact for all ordinary purposes, there is no 



section which, for cheapness and facility of procuringt'can com- 
pare with angle-iron. T-iron is also an excellent form of section 
for large compression bars, but when used on a small scale there 
is a loss incurred, in consequence of the necessity of riveting it 
on both sides of its rib. All the ties are of flat bar iron, riveted 
at the crossings to the back of the channel irons. Except at the 
diaphragms, which are placed about 13ft. apart, there is no con- 
nection between the weos of each separate girder composing the 
section. The points of intersection of the struts and ties are 
6ift. apart, and the greatest length of unbraced strut is a little 
over 7fi;. The lightest section of channel iron used is 9-84in X 
2'95in. X 0-47in. X 0*5 lin., or, as it might be called, 9jin. X 
3in. 5< iin., having a sectional area of little above 7 square 
inches. The section is therefore fully strong and stiff enough to 
dispense with any intermediate bracing for the above length. 
The minumum section of this girder is built up of four angle 
irons, two to each of the separate flanges, of 4-72in. X 4*72in. X 
0-63in.,or 4}in. X 4fin. X |in. The author would have wished 
to give all the French measures of angle-irons and plates in their 
usual corresponding English dimensions, but was compelled to 
renounce the attempt, as the sectional areas calculated thereby 
would not tally. It would also have increased the labour very 
considerably, and involves a double calculation. The few tables 
available for converting French weights and measures into their 
corresponding English eouivalents are little better than useless 
for scientific purposes. They serve in some instances as a check 
for one's calculations, but for nothing more. In addition to the 
four angle-irons there are two plates l7-71in. X 0-47in., and also 
the two angle-irons at the edges 4-33in. X 2-55in. X 0*5 J in. Of 
these last angle-irons (Fig. A) only the horizontal part is included 
in the calculation of the area. The two side plates are each 17*7 lin. 
X 0-59in. The total gross area is 6*372 square inches. At the 
point of greatest strain this area is increased by the addition of 
extra plates, all 72in. in thickness to 97^ square inches, the total 
thickness of flange being 2 Jin. The strain per square inch of 
gross sectional area upon the flange is 3-20 tons. Tne maximum 
strain per same unit of area, in any part of the bridge, is not 
greater than 382 tons, and the metal has been apportioned upon 
this datum. This is rather a low factor of safety, and perhaps 
accounts for the fact that there is no difference made in the 
sectional areas of the top and bottom flanges. 

The ends of the girders are consructed of plates and angle- 
irons, and it will be suflicient to investigate the strain upon 
the heavier end, or that resting upon the square pier. The 
available material to resist the strain consists of one pUte 
11-21 ft. X 0*59 in., giving a section of 79 J square inches ; of 
eight angle-irons 4iin. X 4jin. X |in., having a total section 
of 44^ square inches, and of two vertical plates 2 ft. 4in. X 0. I7in. 
The total end sectional area is therefore 147 square inches. The 
strain upon the heavy end of the girder has been already ascer- 
tained to be 350 tons, and we therefore find the metal to be 
strained to only the amount of 2*31 tons per unit of area. 
Although the strain is very small, yet it must not be supposed 
that there is a corresponding loss of material, for the ends of 
girders, particularly of lattice girders, require to be made extra 
strong. The principal object to be kept in view in designing 
the end of a lattice girder is, that all the strains brought by 
the bars upon the end pillars should be conducted to a rigid 
bearing, and should not liave to draw for support upon any <rf 
the neighbouring bars. Each of these has its own work to do» 
and should not be loaded in addition vrith strains belonging to 
another part of the structure. There is no doubt that solid end 
plates offer the easiest method of accomplishing this result, but 
at the same time it is the most uneoonomicil. There is no 
more necessity for a lattice girder to have solid ends than for a 
plate or box girder to have open ones. In consequence of the 
uncciual distribution of the load, and the point of maximam 
strain not occurring at the centre of the span, but at the point 
Y (see Fig. 3) it is here that the load may be supposed to divide, 
and be ultimately transferred to the supports, in the proportioni 
previously described. The angle of mclination of the lattice 
bars to the horizon is 41 deg. 6 min. 3 sec, or nearly 1 to L 
The ratio of the strains upon the bars to the vertical strains is 
therefore as 1.44 to 1. The tie-bars, starting from the point 
of greatest strain, and proceeding towards the abutment 
from 1 to 7, are each 9-84 in. X 0-63 in., and since the girder is 
a double lattice, they are consequently in pairs, and uie total 
sectional area of the pair is 12-38 square inches. The remaining 
ties completing the web on the same end are all of the same 
breadth, but Uie thickness is increased to 0*78 in. Tbetotil 
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•ectional area of tlie pair is therf*fore 16'36 sqaare inches. Pro- 
oe^dinj^ now from the same paint towapda the pier, all the tics, 
with the exception of the two tiuarest to the point of maximum 
atrain, have the thickness of the hiipa increased to riOin, The 
flecdoual area of the pair in tliereforo equal to 2l'6d square 
inchei. The two exceptions are of the name fscanthngs as the 
Ughteiit section used at the other part of the web. The 
channel-iron struts have the same breadth as the bars, and 
varr in section in proportion with the ties tlioy cross. 

The J are considered to he also strained to the same amount 
pespectively, but »s the nature of the strain is different, their 
aectional art*a is proportioned so as to be onc-aixth stronger 
than tliat of the corres|Ktndin^ intersecting ties. The heaviest 
section of ^ used in this girder is 9'84in. X 3- lOiri. X O'OSin 
X 0'51]n.,mvin^ a aectional area of mort* than 12 square inches. 
The general formula for the strain upon a pair of end bars is 



S=- 



w 



^i ^^ r- — -J where W is the total load distributed, 

2 X N X sme fl 
B the anjrle between the bars and the horizon, and N the number 
of systems or scnes of triangulations in the web. As^ howevctr, 
the load in this instance is not uniformly distributed, and there- 
fore not transferred in equal portions to the supports, we must 

W 

substitute for — ita two raluei of E and R* already found. 

« 
Following the same order with the strains as in describing the 
bars, and hearing in mind that the reciprocal of siue & is Til, 
we shall find the strain up<^u the last pair of bars over the 
abutment to be 51 tons. Dividing this strain by the sectional 
area of the bars, it will he seen that tht^y are strained a little 
less than the »tipuliitt*d maximum amount, since we shall have 
about 3 J tons per square inch, instead of 3 '82 tons. To find 
the strain upon the bars upon the other end, we must consider 
the p«jsition of the girder V^, which is placed at about the 
distance of 1ft. from the pier. The weigut brought upon the 
main girder at, this point protluces no edect upon the luttico 
bars, and, in fact, senrcelv any at all upou that enJ of the girder, 
as the strain is practicalfy talcen by the pier. KetVrnug to the 
table of weights, we find this load to be 1 1^ tons, and it must be 
deducted from 350 tons, the value found for R*. before that 
ouantity be used in the formula for the end stniin. Effecting 
tnis substitution, and solving the equation, we shal! tind the strain 
upon the pair of end bars to be 75 tons, and dividing as before 
by the area, the strain per square inch comes oat the same as 
before, vie, 31 tons. The bars in the web of this girder appear 
to bo pniportioned aearcel)' in so scientific a manner as one 
wotild expectt nor is that due attention to the varying amount 
of tlie strains in every bar .^uilieiently shown. For instance, 
there is no change made in the seetioiinl area of the eight bars, 
starting from the point of greatest deflection and proceeding in 
the di relation of the abutment. Again, when the section is 
increased, the remaining bars, six in number, are all of the same 
seotion* The principal point to be noticed is the excessive dis- 
cw^ncy betWiHm the two bars where the increase takes place. 
Thus» har 7 has a sectional area of 12}in.. and bar 8 of 15 J square 
IDcheit, a jurao of Sin. in area being made all at once. The dis- 
erepancjr at tiie other end of the girder is still greater, the dif- 
ference in sectional area of the double bar I ana 2 being over 9 
square iuehes. It would not be judicious to make the sectional 
area of the web ai^ a lattice girder vary too closely with the 
strains, especially in a railway bridge, or whenever the rolling 
load is large compared i^Hlh tlie dead weight, hut it should be 
borne in mind that tlie web of a lattice girder constitutes its 
chief economy. If it is not designed in q correct and scientific 
manner, it would be better to put a plate girder instead, and 
there are undoubtedly numerous examples of lattice girders 
which would have cost more than what plate ones would have 
done in the same positions. The cause of the jumps in the 
•ection of the bars ia mainly owing to the very unequal distribu- 
tion of the weight, and we will con.*^ider the respective strains 
upon the bar* ol equal section. The minimum strain upon the 
first eight bars mentioned is about 3 tons, and the maximum 32 
toai. Himilariy, the minimum strain upon the last six bars 
towards the pier is 30 tons, and the maximum 75 tons. There is 
dearly a arcat loss of miiterial in constructing these bars of 
equal sectional area. As the rolling load in this bridge is Uttlo 
or DOthing, there is no necessitjr for making the bars at the 
centre stronger than what is required for a dead load. 

(IV te eonetudtd In our fwol.) 



MOSAICS: SOUTH KENSmGTON MUSEUM. 

'* Mo3Jiic/' said Ghirlandnjo, "is the only painting for eternity.** 
Some two thousand years ago it was practiced by Greeks and 
Konmus, and now its revival is attempted by the Department of 
Science and Art at South Kensington. Processes which 
centuries ago were firmly eiitablishea, revert once more to 
experiment, and an art all but lost has a^^ain to go through the 
successive stages of discovery. The mosaic pictures, eight in 
number, put up at Kensington, have received, for the most part^ 
eulogy ; and the experiment ia «o important and novel, that a 
critical description of the t^?chuical processes and the arts of 
design called into pky may prove instructive. First as to 
proc4)ss or material. The ancient methods are at Kensington 
revived with a diflerence. Early mosaics, the Eoman for 
examnle, were composed chiefly of cubes of coloured stones or 
marbles. Our modern mosaics difier from the old in that they 
rely in no degree on natural substances. The cubes or tesseraj at 
Kensingt^jn are entirely artificiaL yet in chemical composition and 
art aspect they are not identical. The terms used to designate 
the varied material are "glass/* ** enamel," and "ceramic," 
otherwise ** earthenware." Dr. Salviati, whose name ha« been 
identified with the revived manufacture of Venetian mosaici, 
has (from cart-oons) executed in the South Court, Kensington, 
the figures of Nicolo Pisano, Benozzo Goxzoli, Apelles and 
Giorgiorie, in materials termed "* glass/' and " enamel/* An 
examination of the Salviati tesscrfc, now before us, shows 
accordingly two distinct mat^^rials, a semi-transparent glast^ 
uaed as tne basis of gold, and an enamel as opaque as s^tog 
wax. It would put the matter on a true scientific oasis were ifc 
careful analysis made of these t^sserffi. Will Salviati, Miuton, 
Maw, or Powell do this for their several manufacturers P Glass 
and enamel, however, have this quality in common, tliat the 
surface glistens and gives ofl" light, a quality which in turn haA 
been deemed a merit and a defect. And here is the point upon 
which manufacturers diverge at the present moment* Certainly 
a polished surface gives greater brilhancy, and the picture when 
viewed at the right angle is seen at a further distance ; for the 
same reason it remains visible in a low light approaching dark- 
ness. On the other hand, there are abundant ciisad^mntages to 
which a dead or mat surface is not subject ; such a surface is 
seen in the figure of Cimabue, wrought, both in figure and back- 
ground, by Messrs. Minton, not in glass but enrthenware. 
Certainly the picture is less obtrusive ; it can be seen without 
dazzle at varied angles, and so far it approaches fresco. There 
is another figure, that of Hogarth, whicn makes a compromise 
between the two processes; the gold backgr<mnd is glazed, 
wEide the figure in mat-erial eenimic or earthenware is dead 
or mat. This discrepancy or contrast has been specially 
designed by Messrs. SimpKOU to give decorative brilliancy 
to the background, and at the same time to save the 
figure from distracting glare o( surface. The experiment 
is believed to be novel in the history of mosaic art. Such 
improvements, indeed, as Constantine and his successors made 
in mosaics were all on the side of greater brilliancy ; and 
specially is it recorded by Theophilus that the Byzantians dis- 
covered a cunning process of introtluciug a ground of gold under 
a surface of glass, whereby was shed over large mosaic works a 
splendour before unknown. This ingenious method, stUl to be 
observed in the mosaic pictures on the facade of St. Mark's^ 
has obtained from Mr. Ruskin warm encomiums. And the 
dehcato medin?val process is certainly skilfully imitated by 
Salviati. 'V\Tien the modem gold glazed tesserie are placed side 
by side with cubes from the facade of Orvieto Cathedral, no 
material difference can be detected between them. An unbroken 
gold background is all but an untried decorative condition in 
this country. But the middle ages afford a number of precedents 
which may servt- as guidance, such as the interior of t?t. ^fark'Si 
of Santa Sophia, and the ceiling in a stanza of the Vatican, 
painted by Kaiihael, in imitation of mosaics. In modem times, 
too, the Byzantine church of All Saints, Munich, shows a back- 
ground blazing in brightest gold. For the direetion of our own 
artists, it may be useful t*:) reeapituhite the conditions essential 
to the right use of gold backgrounds. Such backgrounds are 
obviously non-natural, conventional, and decorative ; the colour 
of the gold is intense, and requires corresponding lustre in the 
surrounding ornament. Sucn treatment necessarily implies 
architectonic and monumental styles. And these considerations 
ei^oia Bimplicity of composition^ severity in line, breadth and 
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iirmncsB in modellmg, and decision ib relief of the figure from 
the plane of the back^otind, Sacli canons^ enfor(M?d by tho 
earliest and best examplo.s, place mosaics in an int^^rmediate 
position between baa -reliefs and paintines ; and it is evident 
ihat the composition!^ at Kensington nave been chastened 
and restricted accordingly- Indeed, even that degree of 
pictorial treatment usual to bas-reliefs snbsequeut to Ghiberti, 
8eems to have been deemed inadmis sable. It is tme that 
tho later mosaies on the front of 8t. Mark's, allied to 
the school of Titian and Tintoret, are flouring and free ; and 
it ifl aaid that in the Pope's manufactory in Home* enamel » of 
10,000 different eolours are used, so as to make the mosaics for 
St. Peter's fac-simiU eopii-s of the works of Eapliael and the 
florid painters of the late Italian schcKjl. But (iurh treatment, 
though not Tinnleasing to the popular eye, has bei^n deemed out 
of keeping with arcliitectiiral compositions. This jxidgment pre- 
vaOs at Kensington, so that only in some small accessory details 
ii pictorial treatment seen in the cartoons, and the completed 
mo»aic9 are in liberty further restricted, so that distnnre and 
perspective have been wholly excluded- In short, the treatment 
approaches that of the strict Greek bas-relief; in other words, 
the figure and action are limited to the one plane of the fore- 
ground. This is at all events safe; the practice is at least 
sanctioned by the best precedent ; yet, in the words of Sir 
Charles Eastlake, the unilinehing application of these strict 
principlcH to all mnral decoration were an ** extreme doctrine." 
Doubtless it may be possible to discover a just mean between 
opposite extremes. Tiie cost of the Kensington mosaics has 
been stated at £25 for each cartoon, and £1U<J to £150 more for 
the finished work. It were interesting to ascertain what relation 
this cost, calculated at the square foot, Wars to that of stained 
glass, fresco, dijjt^mper paintmg, and other modes of mural de- 
coration. — Journal of the Socictif of At'U. 
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STEEL WORKS, ESSEN, BHENISH 
PEUSSIA. 



Th^sb works rank among the largest in the world, and 
are certainly the most extensive by far of any works devoted 
entirely to the production of east steel and objects ma- 
nufactured therefrom. They have gradually grown from a 
small factory, employing some 40 hands, and devoted then 
principally to makiog what are termed lace rolls, a speciality 
requiring rolls of extreme fineness of Hurface, as they are 
used for rolling out the gold wire for making bullion lace. 
The works have since then growTi to an immense extent, and 
articles of a much greater variety are now produced, among 
which are specially tyres, axles, springs, plates, guns, shafts for 
steaiusliips, rails, rolls, &c. They eniph>y at the present time 
about 1U/X)0 men, and occupy in work^^hops and melting-hifcsea, 
Ac, nearly 5<^K} acres of ground, of which over 60 acres are under 
roof. The dimensions of the "centre shop" are 250 feet long, 
72 feet broad, and 90 feet high. This dioj> is turai.^hed with 
a cmne capable of lifting 80 tons. There ai\^ abont tO 
miles of railwaj-^, on which tonr locomotives atul 150 wagons «re 
in daily use, bringing in the raw mat4'rial and carrying away the 
finished prt)ducts. In 1865, in the steel works alone, ami ex- 
clusive of the blast furnaces and coal mines, ther*^ were employ imI 
8,2tX> men. There were in operation in the same year 4^)0 
smelting, heatings and puddling furnaces. IfiO steam engines, 
vorying from four to l,tM)0 horse^power, in the aggregate 5,8t>3 
horse-power ; 42 steam hammers from one to 50 tons weight, 
110 snnthies, and over 58li turning and other machines. There 
is in course of erection a i254on sttam lianimer ; depth of loun- 
dal ion ytl feet ; weight of bed-phite, 500 tons in one casting ; 
itH estimated cost, with appurtmances, is £175,000, The con- 
sum ptiun of coal in 18f55 was over 1,000 tons, water ZOO/MM) 
cubic feet; and gas (8,t (MJ burners), 280,O(X^ eubic feet. The 
products are sent to all parts of the world, and, last year, ex- 
ceeded 50.tN>0toDa. The special work now going on ut Essen 
18 tyres and axles for railway use ; and there is hardly a line in 
the whole world wliere these tyres are not nmning and their 
prcat durability nnd cnnseouent economy experienced. This 
has been evidineed rei-ently t»y a set of hve*^ ft'ct tyres running on 
tlie Great North of SeotlamJ Kailway, under a 28-ton engine, over 
lOy,n<H3 miles, without being tooled since they came from the 
makers* shops. Ibis is conniderably more than the whole life 
of best iron tvres. Iltese steel tvres are made without a weld, 
and by a method which insures that the steel ig thoroughJy well 







worked under the hammers. Tho wheels of the class exhibited 
at Dublin were cast in one piece, and are becoming rery exten- 
sively used under wagons. These works have &lso turned out 
some very large ihip's intermediate and cranked shafts for 
going steamers, which are excluHively used by the st^ 
leaving Breroeti and Hamburg for America, the Austrian J 
and other continental companies, while they are also fitted 
City of Dublin steamers, Connait^hf, LeinsUr^ and Jsft 
miming between Dublin and Holyhead, and also in some 
Boyal Mail Steam Company's vessels. 

The gun department at Essen is very extensive^ and embraces 
Dearly a fourtn of the establishment. 'The guns are made of aU 
sizes, for field, naval^ and heavy battery purposes ; bcpth muzzle 
and breech loaders. Two of the latter were showii in the 
machinery department of the Dublin Exhibition last year, one a 
nine-pounder Iiehi gun and the other a llo-pounder ships' gun. 
The nekl gun was rifled upon the French syst4?m, and the lli' 
pounder upon the Armstrong muUigr<.K>ve principle. The bnre 
of these guns was closed by a system that was first submitt^Ki 
the Ordnance t? elect Committee in May, 1860, and may be 
briefly described as follows: — ^The boreot the gun runs thn>ugh 
the whole of the piece, and through the breech end; and at 
right angles to the bore is cut a slot, slightly tapered, and into 
this is lifted a wedge or valve, which is used for closing the 
breech when firing (he gun. One of the chief difficulties '~ 
overcome in breeeh-loading guns is to prevent the escape of 
at the breech ujhui the discharge, and tliis was overcome by " 
Krupp in two ways — first by means of a cup of steel, or cop] 
or even cardboard, that was inserted into the bore of the ^ 
after the etiarge, or was attached to the end of the powder- 
This cup, when the explosion toc»k place, was expanded by i 
pressure, and comph-tely tilled out the bore of the gun, u] 
the same principle as the steam packing rings in nist< 
This, however, involved the withdrawal of the cnp each tiioe 
gun was charged, and therefore a second plan was propose 
In the face of the valve was turned a circular reoes*. c*^rr 
ponding exactly TiHth the bore of the gun, and into this rccej 
was fitted an angle ring, one face of which, when the valve was 
in its place, was in contact with the bi'eech and the othiT face in 
contact with the side of the cinndar recess; so that when t 
gun was discharged, the gas entered the circular reoni 
and forced the two fucca of the angle ring tight up agaii 
the breech and the side of the recess, and conjpl*?tely pi 
vented the gas from escaping. The valve is kept in \ 
place by a loeking nnpanitus. This system has Ixh'Q very 
severely tested at Woolwieh with perfect success, and has also 
been submitted to and adopted by continental governments, mort 
particularly Kussia. Guns up to 15 inch diameter of bore irt 
made at Essen in very large <pmn!ities, but it would occupy t- ' 
much space to enter into all the details of the experiments '* 
have bt*en carried on. Sir William Armstrong and Com^ 
are now lining a great many guns with tul>*?s made by Mr, Kjnt|i 
The Prussians generally attribute to those guns their sigi 
successes over the Austrians in the late war, particularly in t 
decisive battle of Sadowa. The ponderous masses that bare 
be handled at Essen have rendered it necessary that the ihme 
sions of the tools sho^dd be proportionat^^ly increased, and. 
deed, this has now become essential, from the large ingots 
are being daily cast. A short time since an ingot of^ 
weight was cast, to form the material portion of a 15-i 
and to properly forge this even the 50-ton hammer is conj 
too small, as it entails much longer time, and cause-s the h 
to be too often heated for profitable working. There 
little doubt that the steel-makers of this eonntry an 
indebted to Mr. Krupp for the energy he has devot<Ht to 
manufacture of steel, and its application to the ra^"*^ 
purposes. Steel is now entirely superseding the use of 
iron in those parts of machinery where grent toughness, el 
and dtirability of wear is required. There is hardly a Io< 
used which is not running on steel tyres, and the iutrodi 
of steel rails is becoming daily of more consequence. "" 
pi*tnJuced at Kssefv is all melted in plumbago cruci 
turmedinto the ordinary ingot moulds, this process cropl 
large number of men. For the large ingots of iJO and i 
and upwards, from l,t)t>f> to 1,3(>0 men arc empli>yed at 
time, occupjring in the casting from eight to twelve \tv" 
The whole of the work, of whatever shape, tJiat ig tunied 
Essen is made from these ingots, which are heated and 
untU tho desired density and form ii attained. 
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THE EAJXWAY SYSTEK OF aEEMANY,* 

By EoBBBT Ceawfoeb, 
{Qmetudedfrom pag^ 339.) 

Passing on to tlie next point for conaideration, th&t of earth- 
works, it appears to be a general, altliougli not a tmireraai plan, 
in the case of all main Iinc§, to prepare the earthworks and 
masonry for a double way from mo first, but not to lay the 
second line of rails, until the auecess of the undertaking makes 
itself apparent, and the requirements of the traffic demimd the 
additionid way. Some of the heaviest earthworks executed haF© 
been : — An embankment on the Sonthem State E^iilway of 
BaToriit, from Angsburg to Lindau, its greatest height being 172 
feet, width at fonnation 33^ feet, and length 1,675 fiet, requiring 
miwards of 2,900,000 cubic yards of material to make it up. On 
tne same line also occur embankments of great importance, two 
of which are reapectirely 84 feet and 72 feet high* On the 
railway from Augsburg to trim, there is a cutting 2,390 feet long 
and reaching to a depth of 90 feet ; also an embankment 53 feet 
high, and 6.756 feet m length. Between Elberfield and Dort- 
mund occurs an. exeayadon 86 feet deep, and upwards of H mile 
long ; and cm the some line there is an embankment 120 feet in 
height, with a. length of 1,600 feet. Embankments from 75 feet 
to 130 feet high are to be foimd on the Westphalian railways. 
On the Bararian State hue, from Bamberg to Asc-haflenburg, 
there is an embankment 100 feet in height at the highest point, 
and 1,743 feet long ; bcBides two cuttings measuring in at-pth, 
the one 84 feet, and the other 71 feet, their respective lengths 
hemg 3.254 feet and 2,297 feet. 

With regard to tunnels, the first executed in Germany was 
one 1,678 feet long, on tlio Leip?tig and Dresden Eailway. 
Besides the summit tunnel, 4,695 teet in length, on the Seoimt^r- 
ing Bailway, already mentioned, there are many others worthy 
of notice, among which some of the most important are : — 

A Tunnel 5,3fi9 feet long at Eomgsdorf betwG^ Cobgns and the Belgian 

frontier. 
II 4,il9 „ „ Heiligcuberg betweon Ludwigahafen and 

Bexbach. 
,1 3,600 ^, on the Soarbmck, Trior and Lu:xembei^ EaUway. 
„ 3,235 ,, „ Railway from Gerstungen to CarlAhafea. 

and a tunnel 3,037 feet long through the Schwarzkopf between 
Bamberg and Aschaffcnburg* 

This brings the subject to one of the most interesting of its 
snb -divisions, that of viaducts and bridges, which it is proposed 
to treat under two separate headings, — First, Bridges composed 
altogether of masoniy, and, secondly, Iron Bridges, There are 
instances of large timoer bridges sucii as those over the branches 
of the DEnube, at Vienna, on the ** Emperor Ferdinand's 
H^orthern Bail way," and that over the Elbe, at Magdeburg, 
whose superstructure oidy is of wood ; but as these are coses of 
work^ executed in past years, and it being now laid down as a 
maxim by German Engineers, that timber is not to be used in 
railway bridges, it becomes nnnecessarj to devote space to the 
considemtion of such works. To explain more fully these some- 
what anticipatory remarks, it may be well to introcluce here, the 
▼iewi of tne Associated Bail way Directors on bridge building, 
as expressed in their code of rules. These are — I. For bridges, 
ATohes of stone, or good bricks, are preferable to every other 
description of structure, except in cases which require very 
oblique bridges. 11. Timber bridges are inadmissible. 111. 
When iron bridges are made use of, the portion of the suptT- 
atractare which sustains the roadway shall consist of either 
wrought, or rolled iron. Thus cast-iron bridges, as well as 
timber ones, are removed from the field of investigation. The 
former by negation, and the latter by direct condemnation. 

Germany abounds in fine examples of stone viaducts and 
bridges of imposing dimensions and extent. It will be suilieient 
to adduce a few instances in addition to those already casually 
noticed, as occurring on the Semmering Ilailway. At the hi'ud 
of these stands the viaduct over the Goeltzseh Yalley, on the 
railway from Leipzig to Hof. It consists of one central span of 
93 feet, twenty-three spans of 46 feet in the clear, four spans of 
39 feet, and two spans of 21 feet, one on each side of the large 
span through what may be called the abutment piers. Its 
greatest height is 265 feet, and extreme length 1,882 feet. The 
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93 feet opening has two arches one above the other, and on either 
side of it rise four rows of arches decreasing to one row at the 
ends. These additional arches are for the purpose of strength* 
ening and supfxtrting the piers, which carry the upper or main 
arches. All tliose inthe upper tier are sciniclreukr in form, as 
is also the lower arch of the central spani while the others are 
scgraentfll. 

There is also another fmB via duet over the Elser Valley, on 
the same railway. It is formed of six semicircular arches of 93 
feet span in the clear, three openings of 30 feet, and one of 15 
foot. Two of the lesser openings nave four tiers of arches in 
height, and occur ou both sides of the arch which spans the 
deepest part of the valley. Two of the 93 feet widths are 
strengthened hy a lower row of semicircular arches, and two 
others by means of connecting walls. This viaduct is, at its 
greatest ueight, 223 feet above the stream, and is 914 feet long. 

The Keisse Viaduct on the branch railway from Kohlfurth to 
Gorlitz, in Prussia, consists of one row of semicircular arches, 
thirty in number, of which three spans have a clear width of 73 * 
feet I inch, three of 61 feet 9 inches, five of 41 feet 2 inches, and 
eighteen of 30 feet 10} inches. Its p^atest height is 123 feet 
aljove low water, and its lengtli, inclusive of abutments, 1.553 
feet. This viaduct carries a double line of railway, and occupied 
about tliree years and a half in its construction, having been 
begun during the spring of 1844, and finished in the autnmn 
of 1847. The masonry composing it amounted to 1,173,200 
cubic feet. 

The result of a series of experiments, for the purpose of ascer- 
taining the best description of concrete to be placed round the 
foundations of the river piers, gave the proiwrtions most suitable 
for yielding a qmck settmg, hard concrete, at 

22 per cent, of cement 

22 „ „ of sand 

56 „ II of small broken stone (2 inches diameter) 

100 

A stone bridge over the Elbe, on the Junction Eailway, at 
Dresden, is well worthy of notice. It consists of twelve basket- 
handle arches of 93 feet span each. The width of the roadway 
is 50 feet, one half of which is applied to the purj^oses of an 
ordinarr road, and the other half to those of the railway. Its 
height IS 37 feet above the river at summer level. One approach 
to this bridge is formed by a viaduct of forty-four arches of 
lesser span* 

A bridge over the Boeder, on the railway from Dresden to 
Gdrlitz, consists of one arch 148 feet 8 inches wide. 

As a sample of an ordinary river bridge of handsome, although 
not very extensive, proportions, may be mentioned that over the 
Neckar, on the railway from Franklbrt-ou-Maine to Heidelberg. 
It is divided into seven equal spans of 88 feet 7 inches each, and 
carries a double line of permanent way at about 35 feet above 
the ordinary water level. Its building occupied from 1844 to 
1848. The form of the arch is segmental, with a versed sine 
e(|ual to one-eighth of the span. The tljuckness of the piers at the 
springing is 10 feet 4 inches, or between one-eighth and one-ninth 
of the span. That of the abutments is 39 feet 4 inches. The 
width of the bridge between the outside faces of the masonry is 
31 feet 6 inches, and the depth of the key-stone is 3 feet ll-J 
inches (12 metre). Comparmg this latter quantity with the 
results to be derived from the dilFerent rules ot eminent French 
authorities on bridge building, it appears tliat the depth of the 
key in the case of the Nectar bridge is somewhat over the 
» minimum thickness required, both by Desjardin's formula and 
by that of Gauthey. On the other nond, it is so out of propoiv 
tion with the huge thickness obtained from the metnod of 
Perronet, as to prove the total unfitness of this system for cal- 
culating cases simitar to the one in question. Thus — 

By Desjardm's formula for an arc of a circle = 40^*, 
E =0-02r -h 0-30 metre. 
where E ^= the thickness of the key, and f = the radins of cur- 
vature of the intrados in metres, which in the present instance is 
approximately 42 metres. Supplying this value, the expression 
becomes 

E = 0-02 X 43 + 0*30 metre = 1*14 metre. 
By Gauthey's rule for spans of 16 — 33 metres 
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whero I) ^ tlie depth of the kej^ and S the gpan m metres, and 
8 heitig 27 metres, 

D-^== 1^25 metre; 

whereas in testing the matter by the method of Perronet it stands 

E == ;r7 D -i- 0' 325 metro — ,— D. 
^4 144 

in which E = the depth of the key, D ^ the a pan, in the case 

of semieiroulttr arohcs. but iti segmental or eUipticd ones, D = 

double the radius of the ijitrados at the crown. Koducing this 

equation to a simpler form, it becomes 

E = j^ I) + 0" 325 metre 

and suppljring for D its value, 84 metres, 

E :^ j^ X 84 + • 325 metre = 3 * 241 metres 

^or nearlr three times as great as the thickness required by 
G ail they a rule. 

By comparing the practical example with the three calculated 
results, the following is obtained ; — 

The Npckar bridge, as aclually built, baa n depth of key =s 1 200 
Ditto, according to Desjardirj's furmiila, roquirea dittu = M40 
Ditto, ditto, Gautbey 'a ditto, ditto . , . . = M25 
Ditto, ditto, Perroaot'd ditto, diuo . . . . = 3 241 

In the ease of wrought- iron bridges the arrangement most 
usaally adopted, when tlie spans are wide, is that of a lattice 
construction, in some one of its varioua modifications. 

One of the earliest examples of importance is that of the 
bridge over the river Kinzig, at Orenburg* on the Baden State 
Railway. It is budt for a double line of railway, with two pro- 
jcctipg foot-paths on the outside, and consiat8 of three main 
girders* one on each side, and one in the centre between the 
ways, Tbcre is but one span, its width being 206 feet 8 inches 
in the clear. The depth of the girders is 20 feet 7 inches, and 
they rest 13 feet 3 inches on each abutment. The top and 
bottom cross sectional areas of all three girders are the same, con- 
sisting of three tliickncsnes of iron laid one over the other, and 
forming together a plate 1/^^ inch thick and 13 inches wide; in ad- 
dition to wnich there are four angle irons 4| inches by 4^ inches by 
^} inch to |-J inch thick, and one vertical bar, 5/^ nielies by J J 
mch, on the outside, running along tbe centre of the horizon^ 
platcH which Ibnii tkv top and bottom portions of the girder, t<y 
which it is attached by two of the angle irons, the other two 
serving to joia the flanges to the bars which form the central 
web. This latter is composed of lattice-work, which in tbe ease 
of the two outside girders, is formed with two sets of bars, 4^ 
inches by |J inch, crossing each other at right angles, and in- 
clined to the to]) and bottom at an angle of 45"^, the distances of 
the crossings apart being 1 foot 5 [J inches between the centres 
of the rivets measured along the bars. The central rib of the 
nnddle girder, between the ways, is stronger than that of the 
outside ones, inasmuch as it consists of three sets of bars* two of 
whtcjx are | inch thick and 1 A inch, all baring the same 
width as the other lattice bars. Along the whole length of each 
central rib there are two horizontal rows, formed of double rails 
of the bridge pattern, one on the inside and the other on the out- 
side, and riveted to the lattice work. These rows occur at 
distances of 3 feet ll^- inches and 7 feet 2| inches respectively 
below the top an<l above the bottom of the girders, Tlie road- 
way inside and the projecting foot-patha are supported hy trans- 
verse trusses, at intervals of 6 feet 3 inches apart, formed of 
ordinary flat-baj?ied rails, and the entire bridge is connected above 
and below by a system of en:>ss and diagonal braces. The 
clear width between the outside and the central girders is 12 feet 
8 inches. The abutments are surmonnted by handsome asldar 
portals in red sandstone. The weight of east-irt^n in tbe bed 
plates is 23 tons, and of wroughtdrDu about 322 tons, distribut^^d 
thus : — 

Weight of centml girder . . = about 92 Tons. 
Ditt<j, two sidt* girders (together) , . „ 148 „ 
Ditto, cross girders and tower braces , „ 55 „ 
Ditto, upper connecting burs . . • i» 20 ,, 
Dnto, bandriul for footpaths , . , „ 7 ,, 

Total wrought iron in bridge , „ 322 Tons, 
From this short description it appears, that the arrangement of 
the material is not a judicious one, considering the nature of 




the strains arisbg from the weight of the bridge itself and^ 
any superimposed load, since, — I. the dimensions of the ir 
work are uniform throughout tbe length of the span.- 
Although a stronger lattice construction ia adopted in ihtu ea* 
of the central girder, still its top and bottom sections ar^ 
similar dimensions to the outside ones ; and III. the cro 
sectional area of the iron has not been properly pn>i>ortione 
to its different powers to resist oompreasion and extcnaio 
wliere these forces act. 

Passing on from the consideration of the first of these undei 
takings on an extensive scale» the Largest work of the kind vfli 
executed tn Germany naturally presents itself. This is the briagl 
on the Eastern Railway of iVussia, over the river Vistula, 
Dirschnu, consisting of six spans, each 397 feet 5^ inches 
the clear. The depth of the girders is 38 feet 9\ inches, m 
the height of their underside, above the ordinary water level, tl 
34 feet. 

The arranjEfemcnt is for a single line of railway, bnt the width^ 
is 20 feet 7i inches in the clear, and the rails are laid alon^ th 
centre, so that sufHcient space is left on each side for ordinar 
traflic, to whicli the bridge is open except on the appn>ach < 
trains. In addition to this, pathways for ftxjt-passengers a 
suspended on cantilevers on both sides. The iron work »jf ea 
two spans is distinct in itself, being fixed on the pier at 
centre, and moving on rollers at both ends, The system 
which the iron work is constructed is that of two girders, 
on either side of the roadway, held together above and bi 
b^ a series of diagonal and transverse braces, in both the ve* 
tical and the horizontJil planes. The girder top consists <** ' 
horizontal tiers of boiler-plate 2 feet t>/^ inches wide, ph 
above the other, at distances of 2 feet apart, and made 
c^intral vertical web, hy means of angle irons ; and similar angle 
irons are ri vetted below each of these horizon tJil plate* olon, 
their outside edges. The bottom section consists of an ordinal 
boiler-plate girder 4 feet l^ bcb deep, with two flanges 4 fiN 
6 inches wide ; the bottom of which has two thickneases of plaQ 
and angle irons along the outside edges, while the top oi>njnsl 
of a smgle plate. The solid top and bottom sections of ti 
girders are connected by means of a lattice frame, consisting < 
two rows of bar« inclined at 45^ to the horizonUL and cross 
each other at right angles, at distances of 1 foot 0| 
between the rivets, measured along the Imrs. This is 
strengthened by double angle irons 5i inches by 4^ inches,! 
li inch by J inch thick respectively, aminged vcTticAllM 
inside and the other outside, and rivetted to the lattice i 
zontal distances of ti feet 2^- inches apart. At these poiB 
are attaelied tlie cross-girders of lattice construction, 
support the raidway at a height of 6 feet 2i inehes aIk 
underside of bridge. The thickness of the boiler plateti 
top and bottom sections is about ^ inch at the central 
span. The lattice bars vary from a width of 4^ inches I 
centre to 5i inches at the sides, and | inch thick at the im^ 
the span, increasing to J inch at the moveable end, whiclllj 
on rollers, and to 1 inch on the piers where the girdefi 
fixed. Over aU bearings the vertical angle irons arc only ! 
the normal distance apart, and the ends of the girder* are furth 
stilTened by solid plates. At the bearings furnished withnJ" 
—that is to say, both abutments and piers Nos» 2 and 4^- 
breadth and depth of the top and the bottom sections of \ 
girders remain the same as at the centre of openings ; wher 
in the ease of piers Nos. 1, 3, and 5, where the bearings f 
immovably, tbe top is increased to 4 fi*et 4 inches in width, i 
all its horizontal plates are laid in double thicknesacs ofiroiL' 
while the bottom section, although retaining its regular widtL 
is strengthened by <ioubling its depth by means of two « 
attat'iied to the lower flarsge, the furt;hest of which prtvjectj 
40 feet from the face of the masonry and the other 8 
inches. The whole of the material m the snperstraetun* 
carefully proportioned to th^^ natiir<3 of the strains to w*hic 
would be exposed- The foundations for the piers were prepan 



by driving a number of bearing pUes into the sand, at the 
one to every 18 J stjuare feet. Tlie whole space was enclc 
a row of sheet-pilmg timbers 12 inches square, drivei 
tcjgether and reaching to a height of upwards of 10 feet nl 
tops of the bearing-piles. The area tlius formed, being I 
level with the tops of the surrounding piles with eouer 
nished a bed of It} teet hv thickness on which the masonr 
The foundations of the abutments w<'re treated aomewl] 
larly to those of the piers, but they are not so deep. 
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The projections of tbe piera both up and down gtream present 
•harp vertical arrisi'S, or nearly so, from the water edge to tho 
underside of the roadway. The fncework masourjr eonaists 
principallj of basalt, with a small proportion of granite aahlar 
up to above ordinary water level. Above this hard sandstone is 
used, but only in the body of the piers. In the cutwaters the 
basalt masonry is eontiniied for their full height. The blocks 
immediately under the ends of the girders are also of basalt. 
The barking and filling- in is formed of bard burned bricks, and 
partly with ashlar, where j^mttr strength is refpLired, the whole 
bcin^ laid in hydrnulic mortar. The piers are 33 feet 11 inches 
wide at the underside of the girders, and 82 feet long in the 
direelion of the stream. On caub of the piers rise two circular 
towers, one on either side of the roadway, whose battlements 
reaeh to nearly 43 feet above the top of the girdera. The abut- 
inents are surmounted by massive rectangular towers and a 
handsome eonnecting portal. The towers are all buiit with 
yellowish -white bricka» ornamented glazed ones, of a purple 
colour, being used in some of the raoiddbgs. The copings and 
principal dressings are of gray sandstone* 

The gen(?ral effect produced by this bridge, when seen from a 
distance, is very tine. The great depth of the girders red u red 
to some extent^ however, the impreaaion which would otherwise 
arise from the magnitude of the spans, apparently diminishing 
tliem to much within their real limits. 

There is one point in which the Author thinks the ornamenting 
of this beautiliil bridge is deficient. That is the crowded state 
of the relief over the pointed arch of the Dirsehau portal, in 
which the field is far too small for the subject, and the upper mould- 
ing is brought down so close to the head of the principal figure, 
as to give the appearance of the design having been origiiiaUy 
intended tor a totally difllTent position to the one it now occupies. 

About 10 miles nearer to Konigaburg than Dirsehau, and also 
<m the Eastern Kail way of Prussia, occurs the Marienburg 
Bridge, over the JVogat, which is in reality another arm of the 
river Vistula. The bridge consists of two spans of 321 feet 3^ 
iDches each, and two segmental arches in masonry of 53 feet 6^ 
inches in width, one at either end of the bridge. The roadway 
is for a single way, with a footpath on both aides, and is arranged 
for ordinary tralfie similarly to the Dirseliau Bridge. The *lia- 
tribution of the iron in the superstructure is, howeverj altogether 
diflPerent. The Nogat Bridge may be described as a compound, 
the whole formiug one girder, or tube, about 25 feet in depth, of 
which the top and bottom are composed of ordinary Iwiler plates, 
and the sides of lattiee-work, similar in principle to that already 
described, Tlie cross girders which support the rails are of 
lattice-work 24j inches in depth, and are placed at distances of 
6 feet 2^ inches apart. At these same intervals, attached to the 
upper portion of the vertical L irons, w ithin 6 inches of the top 
plates, are transverse bars, something in form like the letter Z, 
stretching Irom the lattice* on one side of the roadway to that on 
the other. These ribs, as weO as the keelsons below, arc more 
securely made fast to the vertical rods by gusset pieces, which 
tend to stiilen the bridge laterally. In the apace, fi inches thus 
left between the cross ties and the covering plates, sLi iron bars, 
also Z shaped, run longitudinally for the whole length of the 
girder, ginng the top ike appearance of a cellular form of con- 
struction iu cross section. 

As regards the nature of the foundations and the character of 
the masonry, they are simdarto those at Dirsehau. The towers 
on the central pier are, however, rectangular in form, instead of 
round as in the latter ease. 

Both liridges have arrangements for mounting cannon, and 
other military precautions, at their ends. 

Tlie next example selected is that of the bridge oyer the Ehine 
at Cologne, It consists of four river spans each S22r^\ feet in 
the clear, and two equal laud openings of 64 feet 10| inches In 
width over the wliarf and street on the left bank of the river. 
Two distinct bridges, one 24 feet B\ inches in the clear, carrying 
a double line of rafiway, and the other, 27 feet 9} inches inside 
width, for the nurposcs of ordinary traffic, are placed parallel to 
each other, ana close together on the same piers ; that on the 
down stream side being used by the railway. The depth of the 
girders for the four large spaijs is 27 feet 9 J inches, and they 
are formed in two separate lengths each extending across 
two openings. The clear height above low water is 50 feet. 
^ The railway bridge is formed of lattice girders, double on each 
side. The cross section of the top of one side is th at of two T's, 
placed one after the other, and close together, thua TT, and the 



bottom has a similar form, but reversed. The Jattice frames 
which connect tfiem are 2 feet apart, and are tied together and 
stiffened by diagonal braces, placed vertically at every 5 feet IJ 
inch. At the same intervals there are vertical angle irons* to 
strengthen the lalticc, and keelsons to carry the roadway. 
Transverse angle irons and diagonal bars above are attached at 
every second one of these points, Tlie lattice bars cross each 
other at distanc^is of 2 feet 6| inches apart measured diagonally. 
They are about 3}g inches by i inch at the centre of spans, 
increasing to 4y*f inches by !| inch, the ends resting on rollers, 
and to 5/^ inches by ly^ meli at the fixed bearings. 

The principle of construction of the bridge for ordinary traffic 
is similar to that of the railway, with the exception that the top 
and bottom sections are in shape that of a single T, and the sides 
consist of a single lattice instead of double frames. Every second 
vertical roil is also composed of two angle irtms, instead of one, 
laid together so as somewhat to resomhk the letter E. The 
total weight of iron in both bridges is about 4fit70 tons. 

The foundations were formtMl of concrete, laid on the solid 
natural bed of gravel, which approaches close to the surface in 
the neigbbourhood of Cologne. The ashlar masonry consists of 
btisak and san<istonc, the former being used iu the facework up 
to the underside of the girders, and where the great^^st strengtn 
is required. The piers terininate in sharp upright cutwaters; 
their form on the down stream side being similar to the upper. 
Tht'ir (hiekness is 20 feet 7 inches at the level of the girders. 
The omauiental portion of the design only includes towers, 
which are rectangular in shape, on the centre pier, and on both 
abutments. The approach to the bridge from the Central Bail- 
way fcftation in Cologne is eiTceted by means of a viaduct of 
segmental arches, in brickwork, upon a 8hart> curve, whose 
radius, as already mentioned, is 618 tect. 

The next case to be alluded to is that of the bridge across the 
Ehine, at Keld, close to Strasburg, In cross section this bridge 
is somewhat similar to the Kinzig one, comprising two lines of 
rails with a lattice girder on either side and one in the middle, 
all conrifcted together, and two footpaths supported on the out- 
sides. The main p<jrtion of the bridge is that to which the lattice 
system is nppliud, and conssists of tliree spans of 184 feet 8j 
inches each. In addition to this there arc two swing bridges of 
210 feet in diameter, with solid wrought-iron plate sides, and 
opening a clear width of 85 feet 3 inches on each side of the river 
for military purposes rather than those of navigation. The depth 
of tlie girilers for the three principal spans is 19 feet 10 i inches, 
and the cicflr roadway in each ease is 13 feet 9 inches. The lattice 
bars are inclined at an angle of 45^ to the horizontal, and form a 
net work, the open spaces of which measure about 3 feet diiig- 
onally. They are secured at their crossings by two rivets. The 
top and bottom sections of all three girders are in form that of 
the letter T ; but they, as well as all other parts, are careftilly 
arranged, so as to insure uniform strength tor the bridge through- 
out, in projKJrtion to the effect produced up<m it by a load. The 
keelsons occur at intervals of 'd^.- feet, and are in direct contact* 
with the rails, which are riveted to them. The lattice work is 
stiffened by vertical angle irons, fixed double on both sides, at 
distances of 9 feet 6| inches. The iron work in the whole of the 
three openings is in one length, and is tictl together above and 
below by a system of tran.svcrse and diagonal rods. The entire 
weight of the vvTOUght-iron in the superstriictiou is 984 tons, or 
at the rate of 328 tons jkt span of 184 feet 8J inches for a doubh* 
line of railway. All the piers are surmounted by handsomu 
Crt>thic ornamental work in cast-in:>n. Great diffjculty was ex- 
perienced with the foundations of the bridge, owing to the nature 
of the stratum of shifting sand which underfies the bed of the 
river at this point. They were eventually sunk to a depth of 
about 66 feet below the lowest water, by meana of wrought^irou 
cyhnders, in which the masonry was built and undermined ; the 
mctliod adopted being that of compressed air. The operation of 
sinking the foundations progressed at the rate of about 20 mehes 
per day of twenty -four hours. 

In addition to these tw o bridges there is another now in ])roces» 

of erection over the Ehine, at Mayence, which is expected to be 

t^omplcted during the present year. It consists of the following 

spans;— y^^, j^ 

4 Bitot openings of 331 feet 8) inches each , ;= 1,014 'j^ 

6 Flood „ 109 „ 11 „ =r 659 6 

2 M „ 82 „ ,, := 164 

20 » „ 49 „ 2i „ ^ 984 2 



32 spins in all, yielding a clew watorvfty of 
lineal mesaure. 
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Tke total distanee between the nbutmenta is 3,372i feet, and 
die heights of the iinderside of tlie girders above low water ii to 
be 45i feet. The foimdations are, like those of the Cologne 
Bridge, formed of concrete. The face masonry consists of red 
sandstone and ashlar, formed from the eranite boulders found in 
the neighbourhood. The ironwork in the super structure, which 
is for a single waj, is very similarly arranged to that in the 
Saltash Bridge, modified m some parti cuJars as to the eroHS 
Hcction, and the form in which the material i^ applied, aeeording 
to what is known in Germany as the system of Professor Pauli, 
of Munich, which gives a rectangnJar top to ihe beam insteJid of 
an oval one. As a good example of Herr Pauli's system may be 
mentioned the bridge over the Isar, at Groashesaelohe, on the 
rail war from Munich to Salzburg. It has four ppana, — two of 
1914 ^eti ^^^ two of 95 J feet, at a heij]rht of 101 i feet above low 
water. The Eastern Railway of Bavaria has also some fine 1 attice 
bridges, such as that over the Danube at HegenHburg, having 
five river spans of 163 feet 2 J inches each, with iron snper- 
structure for single way, and fifteen tlood opcntngs of segmental 
arches in masonry eacli 47 feet 10| inches wide, of which threo 
are on the left and twelve on the right bank of the river. The 
height of the underside of the girders is about 33 feet above low 
water. The bridge was finished in 1839, and the weight of the 
ironwork in the Rre openings is 563 tons, or 112 J tons per span. 
On the fiame railwav, at tlie town of Passan, there is a bndge 
over the river Inn, with one span of 296 feet 10 inches measured 
on the 8kew» the angle between the axis of the railway and the 
direction of the stream being Tl"^! adjoining this opening there 
are six stone arches, five of 47 feet in width on the left Imnk of 
the river, and one of 38 feet 3i inches on the right. The level of 
the rails ia about 46 feet above low water, and the weight of iron 
in the bridge is 347 tons, for a single line of rails. 

These few examples are sufficient for the purpose of illustrat- 
injj the progress made in Germany in the construction of iron 
bridges on a large scale, and complete this portion of the subject 
under consideration. 

Directing attention to the next branch, that of the permanent 
way, it appears that about seven-eighths of the rails in use are 
of the broad base or contractors' pattern ; the remaining one- 
eighth being composed clieitly of chair rails, with a small propor- 
tion of the bridge-shaped ones. Fishplates, made fast with four 
icrew-boltM, are now almost universally adopted, for connecting 
the ends of the rails, and the joints are always supported by a 
sleeper, generally 12 inches by 6 inches, a wrought-iron chair- 
plat-e being interposed between the rail and the timber. The 
modem Enghsh system, of leaving the joint free without any 
■leeper under it, has hitherto met with but little favotir from 
German engineers. A trial of this arrangement has, however, 
lately been made, on a short length of the railway from Frank- 
fort-on-Maine to Heidelberg, and the result has been so satis- 
factory, that it is intended to lay the entire permanent way of the 
,new Ime about to be constructed from Guatarsburg (opposite 
Mayence) to Frankfort, on this plan. 

With regard to the size of rails, the rule laid down is that 
they shall not be leas than 4J inches in height by 2| inches in 
width of head, and that their surface shall be curved to a radius 
of from 6 inehea to 7 inches. The general weight of rails now 
adopted varies from about CP» Iks, to 7li lbs. per yard, both these 
limits being passed in a higher and lower direction according to 
local requirc^ments- 

The toUowing Table of the dimensions and weights of some 
of the principal broad base, or contractors*, rails in use on various 
Unea will auord interesting information on the subject :— 





Weight 


Width 


Width 


Thlck&csi 


HeiKllt 




iS^d. 


of 


of 


ofCCB- 


1 


Haad, 


Bmh. 


tral Web 


E^il. 




lb«. 


inohei. 


; incliea. 


inch. 


incht*!. 


Bortmund and Soeato Railway. . 


fid- 


2{ 


3-86 


0-^.5 


4"66 


Louise of Hedse ditto .... 


68-25 


2 

2- 
21 


3 86 


0G5 


470 


Franktort-on-Maino to Caaael ditto 


70' 


3^95 


D65 


5-00 


Ditto tu rifidclbfcrjaj ditto . . . 


7t)- 


3*95 


66 


600 


Vicntia to Salzburg ditto . . , 


7053 


4-20 


060 


4-90 


Frankfort-on* M at n e t* Wiesbaden do. 


72-57 


4- 


070 


4-93 


Hanoviriim Stale Itailwayi. . . 


72' , 


22 


4- 


076 


460 


Pnv:inna ditto ditto . . , . ♦ 


7308 


2i 


3-95 


076 


4-55 


I M.m ditto ditto 


74-75 


n 


4- 


0-65 


6*15 


« in ditto ditto * 


75-93 


4*40 


080 


470 


gtinmenng ditto ditto . . . « 


76'flG 


2i 


4-54 


60 


4*54 



^ The almost nniversal syHtem of «npparts i« that of 
sleepers. They are generally of oak, when it can be procured 
at a reiisonable price. Different descriptions of larch and fir are 
oft^n used, after being prepared by some chemical process to 
resist the tendency to decay. Various are the means adopted 
for this purpose, but the one which is now most favourably 
received is that of forcing a solution of sulphate of copper 
through the pores of the timber to be prepared. The moat 
simple arrangement for carrying out this method is a tank 
erected on a wooden frame about 30 feet hij^h, into which the 
solution is pumped from the tub in which it is mixed below. 
From the tank a main distributing-pipe descends, until reaehing 
witliin a couple of feet of the groxmo, when it diverges into two 
horizontal branches, with a series of small feeders about eveij 
3 feet at right angles to the mains » and 10 inches or 12 inebetH 
long. On tJiese are tied flexible gutta-percha tubes 6 feet i^| 
length, furnished at the ends wttli brass nozzles, and haring 
screw clamps attached to them, by which the supply can be cut 
off from each separate feeder, without interiering with the others. 
The timber to oe prepared must be round, with the bark ob, 
generally in len^j^hs of, say, two sleepers. It ia laid horizontally, 
on a rou^h aupportine frame»and sawed across the middle, through 
about nine- tenths of its thickness , A wed|;e is then carefufly 
drivon tmder the middle of the stem to raise it up from the 
frame. This opens the saw-cut above, and admits or its being 
caulked round the outside edge with oakum. The wedj 
is next removed, and the cut closes up to a certain extent 
caulkinia;, leaving a vacant spaee inside between its two 
Into this a slanting hole is bored from above, and the nose 
flexible tube inserted. The clamping-screw ia then loosens 
and the solution allowed to Cow into the centre of the tree, 
acting by the hydraulio pressure from the high-level tank, ij 
makes its way through tlu* pores, forcing the sap oat before i 
\yhen the wood has become thoroughly saturated, it is ai 
talned by applying litmus paper to ihe end of the stem, 
clamping-screw is then maae fast and the piece of timber 
moved, to make way for another. The most advantageoi 
number of stems to prepare at the same time with oneappi^tat^ 
is about fifty, a similar number being always ready to snpplrl 
vacancies as they occur. For success with tliis method, it if 
neocssary that the timber should be cut down when the sap 
in it, and prepared wldle green, as othen*-ise it oceupies t 
much time. Also, that the bark should be whole, to preroai 
leakage, and tliat the stems should be in duphcate lengths, so if' 
to admit of their being prepared from the centre. The averafo 
time of preparing a log 18 leet or 20 feet long, under favouraUe 
circumstances, is about twenty-four honrs. /* 

Square stone blocks are used to a considerable extent, u 
supports for the rails on the Tauiius Hailway, but this la only on 
the old permanent way, as they are not made use of on the new 
line of rails now being laid down by this Company, 

In noticiag ballast on Grerman railways, there ia a system fre- 
quently to bi> met with which can scarcely be passed over with- 
out comment : that ia the filling up oi the space outside the 
ballast to the level of the top of the sleepers witn common earthy 
drains being cut through it at intervals, from the ballast to the 
outside slope, and filled up with broken stone. Tliese T 
althougli at first answering tollerably well the puiposes 
which they are intt^nded, after awhile become choked with I 
mud which is washed into them hj heavy rains, and the ' 
escape of water from tlie ballttst ia prevented. Add to this tho 
mixing of the earth with the ballast, which is almost inerital)]# 
during repairs, and it becomes evident that the system has gfetl 
drawbacks, 

The stations on German railways are, as a role, larf^e and oam* 
modious, and in many eases display much architectural tafte. 
Thev are generally close together. 

The frequent absence ot any descriptioD of fencing i» also a 
marked feature on many Grerman railways, the ueecsstty for 
such a proti-'ction being done away with, inasmuch aa cattle, 
except in some districts, art; never aUowed to stray at large 
'n-ithout being attended by a herdsman. This latter urangi^ 
ment ia rendered imperative by the minute subdivLdon of lamL 
which prevents the practicability of enclosing each aepajmtv 
proiHTty, 

The quantity and description of rolling stock in ii- - -- -^ifeF- 
ent railways in northeni and southern Germany \ ly. 

The passenger carriages have principally six wnecL, ., . ^. .m;np 
are many lines on which four-wneeled veliicles are adopted. Oft 
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the Wurtemlmrff State Ilailways, the long eight-wheeled 
cairiapes on the American system are in use. As Dcarly as can 
be estimated I the qimDtity of rolling stock at the close of the year 
1861 stood thus :— 

LooomotiTe Engiaea per Engliftb mile 0'414 

PaMeiiger Carriagefl (averaging 41*81 wats each) „ 0"807 
Goods ditto (average load 6*91 tons) . . . « ,, 7040 

Before any enpne is permitted to be used, its boiler miist be 
tested with hydraulie preRsure to at least once and a half the 
maximum steam pressure which it is intended to sustain, and a 
similar test must be applied after the engine has run 46,109 
miles, and subsequently repeated every time an additional 36,8S7 
miles ha* been made, or whenever important repairs are required* 
should this be socmer. In no case, however, must the intervals 
between such testings exceed three jeari?. On all such oecasiona 
the weighting of the safety-valves \h also proved. 

Willi regard to the proper proj^ortion of breaks to any train, 
the rule laid down hxvs the minimum number ac4^ording to 
the fullowirig scale : — 
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For PrnMonger 


For Oood» 




TrAiDi. 
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1 of tbe en- 


-fVof theeo- 


For lioefi with a maiimuin 


gradient of I in 500 j 


lire number 
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tire number 
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have brtaks. 


have breakfl. 


ti 1* 


„ 1 in 300 


i^ailto. 


i\t ditto. 


it fl 


1 in 200 


i ditto. 


i ditto. 


Jt ti 


1 in 100 


i ditto. 


1 dilto, 
i ditto. 




„ 1 in 6i» 


I ditto. 


»» ft 


1 in 40 


i ditto. 


i ditto. 



When the rate of gradient exceeds 1 in 300, it is ordered that 
the last carriage ahall be supplied witli breaks, and another rule 
in regard to the arranging of trains is, that between the engine 
and tirst passenger carriage there shall always intervene at 
least one carriage which do" .lot contain passengers. It might 
have been well, wheu '' j lOg down such rules, to have gone still 
further, and ordert'd that the last carriage in every train, 
whether on a line with heavy or light gradients, should hove 
breaks attached to it» and should not contain passengers. 
Where there are so few trains daily, and large quantities of 
small parcels and light ^oods requiring speedy transit, an 
arrangement of the kind might easily be carried out. 

The rate of speed varies very much on dilliTent mil ways. For 
express trains it is usually from *27 miles to 35 miles an hour, 
exclusive of stoppages ; the maximum vclocitj'' attained by trains 
while in motion being from 30 mdes to 37 miles, and m some 
rare instances touching 40 miles. Ordinary passenger trains 
travel at the rate of from 20 miles to 25 miles, and go ids trains 
at from in miles to 15 miles per hour, exclusive of stoppages. 
These comparatively low rates of speed, as might be expected* 
ari! most i<alisfaetory in their results upon the wear and tear of 
both the permanent way and the rolling iitaek, 

Mr. VioxoLEs said, ho did not think ihe Paper ahouM be designated 
as treating on the German system of railways^, though it cont^iuied an 
tntcrc«ting dosciiption of various railway stiucturuB, and thi-re were a 
nninbcr of points which, when studicLt in dHail, would bo useful and 
iOBtruolive. Nothing was related, however, of which there were not 
good examples, long previously existing in this country, and of & 
character which, if examined, would, he believed, bo found more 
intereating to the eogioeer. Many of the workj which had bei-n de- 
•cribed he knew perfectly well ; and while be gave due credit to the 
engiaoera of Germany for what they had done, he wm obliged, in his 
own mind, to compare them with similar work« exeouted here and clse- 
wbere> The German ayatem of constrot^tion wat, in general, no more 
than adopting, in a greater or Ioas degree, the plana which had been 
found audccsaful in this country, with aucb modificattons ss the circnm- 
atancoB required ; hut ihcir works would not aa n nde bear comparison 
with similar ones in the United Kingdom. Fo7 inBlance, the viaducta 
built from the designs of Mr. J. Miller (M, Inst. CE ), upon the 
Glasgow and Dumfriea Railway, were still unec|uiLlJi(^d in Eurupe for 
boldneaa of conception and excellence of workman&hip, and instead of 
following the old Homnn fashion, of building tier upon tier of arcbeft, as 
waa the practice upon the oontitieot, thtTe wa« only one tier of arches , 
«ach pior being carried up to its full height without lateral support. 
With regard t? the Oirschau and the Maricnberg Bridges, it was unno- 
oeflMTj to analyse the principles upon which they bad been designed, 



becaaie even from tbe descriptions given by the engineers of thoae 
bridges, and from the diagrams pybliihed with respect to those works, it 
might easily bn shown that their mathtmatieal conatructioc was faulty, 
there being a want of due proportion between the scveraJ part*. Me had 
watched the progress of these works during their construction, and had 
aacertfiined that their cost had certainly not been less than £45 per ton« 
It must be understood that this was not said by way of depreciation, 
beeauw, ha thought, considering the struggles that had taken place in 
Germany, the results were most creditable. 

He WAS exceedingly diffident in speaking on this subject, for ho had 
io much to do in Germany many years ago, at the time of the introduc- 
tion of railiAays, that it was impoasible to allude to that period without 
saying more of himself than woa becoming. When, thirty yeara a^o, he 
laid out the railway from Brunswick to the fool of the Hitrtu Moun- 
tains, then almost the firdt after the Nuremberg and Fiirth line, ha 
introdueed that particular form of rail, of which the Author had properly 
stated that a«ven>eighths of those in use on German lines consisted, 
which wia known in this country as the oontractors* rail, hut was still 
better known in America and on the continent as the Vignoles' rail : it 
was a system which he studied very mucK, before finally reeommending 
and adopting it. It was properly tailed the contraotora' rail, because the 
contractors were the first persi>D8 who had the courage to u»e it, in tbo 
face offtutbontiea who would not ot that period recognise it. At the 
same time, he also strongly advocated the introduction, as many of hia 
friends knew, of tbe system of fishing the joiats of raUs, which was first 
a.dupted in Germany, 

The great principles, which be thought ought to have been inaisted 
upoQ« aa characterising the German system of railways, were the simpli- 
fication of tbe permanent way, and the perfection of their statistics. All 
th« Companies were c^mp^illed, as in France, to give positive retuma, 
under bpectfio heads, of every detail of expenditure, and as these wera 
published annually^ the Companies were brought into a wholesome com- 
petition, for the reduction of the working expenses to a minimum Eaeb 
Company was held up *^in terrorem" to the others, so that all w era 
interested in the reduction of their respective expenses, A recent 
inquiry showed, that the expenses per train mile on two-thirds of all tha 
Girman railways were within a fiaclitm at each other, But notwith- 
standing this, he believed it was capable of proof that the average ex- 
pi nsca per train mile were less in the United kingdom than in Germany* 
JStill he thought it would be a wholesome regukiion if railway com- 
panies in this country were compelled to give that information, in the 
eome way as farmers were asked to contribute agricultural statistics. If 
those returns were fiirnished, it would bo possible to trace every item of 
expenditure to its s<iurce, so that it would readily be seen where 
economy might be effected. It had been stated that the average cost of 
the German railways, one-fourth only having two lines of way, waa 
£L6,40U per mile; that would amount to about £U,000 per mile of 
single line. Now when the cost of I and, the I'arliamentury and legal 
expenses, and a vast number of other items wlkicti had unfortunately 
swelled the expenditure in this country were taken into account, he 
thought that the average cost ot the lines in tbi» country did not very 
much exceed that amount, particularly when of later dotts tho>e items 
of ooniitmction which did not fall upon the coutiaentai lines being of 
course idiminated. 

The principle of railway legislation in Germany, as on the continent 
generally, was this: — The Government granted a concession for a rail- 
way from the town of A to the town of B, and sometimes provision waa 
made, that it should run by way of the intermediate towns C and D, but 
all thL» details were Irtt to be decided during the progress of the works. 
The evidtnce of individuiils, lu respect to the direction the line should 
go, was not taken* but the line bemg granted from point to point, the 
details were decidetl on tbe *pot, where they could beat be settled ; and 
although It sometimes gave rise to considerable delay and annoyance, it 
saved vast sumF of money. The same might bo said as to the land* 
There was more trouble, perhaps, in getting land on iht? continent, but 
then it was obtained at the mi-re agricultural or mere town value. 

There were a number of matters to be eonaidert'd in mjiking a com- 
parison between the cost of lines in Great Britain and on the contineat* 
As a rule, neither the engineers nor the labourem were so well paid on 
tbe continent, and there were various contingencies iHsides ; so that he 
really thought— and it was a question he had studied for many yean—* 
when all these were takeo into <^nsideration, if the qu^mtiiy of work 
done and its cost were contrasted, that ih.' expenditure was not greater 
in Great Britain than it was, in ihe end, on the continent. And he would 
lay it down as a positive fact, that in no part of the world could work b« 
done so cheaply aa in the United Kingdom, whether measurement or 
weight of material were taken as the standard of eotnparijMin. 

With respect to inclines, on the line between Nuremberg and Hof, on 
the route eastward to Leipsic, there were about 7 miles of I in 45, with 
curves of 40O yards radius, worked by locomotives. The lu>t returns of 
the Simmering Railway in Austria showed that the working expenset 
cxeeeded the receipts ; so great was the cost ol working over Tl mWcB, 
with gradients of I in 40 and I in 45, and curvei of 10 chains rtdjua* 
The railway itself had been constructed at a eo»t of nearly £UH>,Oi)0 per 
mile, and he might mention that the bricks for the viaducts were brought 
from yiannBt so that the expense was enormaua. However advonta- 
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geoiu the line miglit bo politically, and perhftpi in other rmpects^ to the 
AtutrUn GoTemment, commercially the apeoulatioa was a moat un- 
profitable onet 

In mentioning tho railw^ay between Cologne and Lt^gOi the Author 
had not noticed the way in which the passage had bocn c»ffected between 
the two countries. Thb principal works were in Belgium between 
Li^go and Verviers, and up to the Pruwian frontier. They were con- 
strooted at an early period in the history of railways, and abounded in 
rapid currei, and ooraprised fln eitroordinBry aeriea of lunnels and 
Tiaducts ; and altogether furmed one of the moat Femarkable ezamplea of 
enjfineering on the continent 

He had laid out the Wiirtemhersf State Railways, and bo knew they 
had heon executed according to bis recnnamendationa ; but raoat of the 
rolling stock waa founded upon the Ameiican fashion, and he thought 
had not turned out aati»fact^»rily. In determining the gauge for the 
railways in Wiirtemberg, Mr. Vignoles was culled on to decide whether 
the BaTarian gauge of 4 feet 8| inches English, or the Baden gauge of 
nearly 6 feet, should be adopted. Though himaelf a warm advocate for 
a widiT gauge^ he felt compt^lkd under tho then existing eircura stances, 
to declare in fa?our of the narrow gauge. It woa tbon too late to adopt 
the wider gauge ; and the B iden rbilways being isolated from the linea 
of Germany on the east, France on the weft, Ukd Switzerland on the 
tOUth» were, as the Author had remarked, compelled to alter their 
gauge, ind change the under-^frames of their rolling stock. 

The Taunus Railways had latterly been relaifl, in consoquenoo of the 
failure of the rails. These were originally doiiblc-hf-adt'd, and when 
worn, tbcy were turned ; but a few months nfttirwarda they broke, as 
might have been expected, at a short distance fmn the point of support: 
and ho saw hundreds of tons of those rails which hnd been broken^ lying 
in Btnck. Since then a dlSbrent kind of rail upon sleepers had been 
adopted. 

Mr. T. K IlARttisoM said, it was stated that the average cost per mile 
of the whole of the railways in Gennany amounted to £16,400, If this 
waa contrasted with the cost of railways in En^lfttid, undoubtc'dly it 
•howcd very favourably ; but there were many causes wbi«h operated in 
favour of the Germaa syatem, in respect of coat of conatrtiption. In tho 
first place, they were exempt from Parliamentary expenses, whiuh was 
a heavy item in this country ; then, on exorbitant price was not paid for 
the land. Besides, thi^ railways, when made, were not subject to the 
same compel ]ti«m as in England. 

Allusion had been made, in tho Paper, to the Semmcring Railway. 
•He hnd passL'd over that line, which was the work entirely of foToign 
engtacers, and he would say that he knew no engineering work that 
would better repay the time ond trouble of on inspection. It had betn 
•tated that, on the Southern State Railway of Bavaria, there was an 
embankment 172 feet in height, containing 3,000, 0*10 cubic yards. The 
details of that embankment, as to the conditions under which it was 
carried out, were not furniehed, but it was certHiiQ that in no part of 
England was tiere an tmbankmentof that height. It appeari.'d from 
the ruks of tho *' Association of Government Railway Direotoiii,*' formed 
in 1847, that the useof cast-irnn was completely ignored. Now, he thought 
there wtre many cases in which cast*iron was exceedingly useful for 
bridi^rs ; and though that material might be open to some objections, 
yet, when employed in the form of segnjonts, of which thtre were many 
admirable examples on railways in England, he could not agree in the 
conclusion which bad been arrived at by the German engineers. Tho 
Tiaducts on the Semmering Railway were constructed with intermediate 
arches in their height. There were numberless examples of hi^h viaducts 
throughout thia kingdom--and those upon tho Glasgow and Dumfiiea 
fiailway had already been referred to ; but in many parts of Laneaabire, 
there were viaduct* more than loO feet in heij^ht, and he had bttOt 
yiadutts more than 160 feet in hi^i^ht, without a thought of introdueing 
intermediate arch us. Comparing the general dcfign* of these viaducts, it 
•ppeared to him that those on the Semmering liailway contained more 
Siftterial than had been introduced into viaducts in England. 

Captain Moorsom remarked, with reference to the small cost of tho 
German lines of railway, that it appeared they were laid down generalJy 
with tho earthworks and bridges to rtceive double tracks eventually, but 
Almo!»t mvarialily waiting for the double track till the traffic should 
justify it- He thought a useful lessim might be taken in that n^spect in 
this country. He bad only a few weeks ago peiused a report from one 
of the *Jovcmment Inap^-'Ctors, in which it was noted as a matter of - 
unfavourable character, that land had not been purchased aufficicnt to 
lay down a double track on a railway branch where only four trains each 
way were run during twenty-four hours. Tho fact was erroneously 
reported by the Inipettor, but still it showed one of the impediments 
thrown in tho way of economy in this country, as compared with ike 
German system. He was at a loss to understand why ' The Association 
of Government Railway Dirccitiona* in Germany shtmld limit the radius 
of curves to 3,600 ievt on level ground, 2,000 fc«t for hilly country, and 
never kna than 600 feet. He was prepared to say, that curves of 300 
teet radius might in some instances be desirable. Not that in England 
•uch were frequently found, but he should not hesitate to adopt a curve 
of 300 feet rftdiu«<, if necessitated by the circumstances under which ho 
was oUigod to lay out a railway, as ho believed it would be possible to 
work round a uch a curve, to the satisfaction of the locomotive iupcrin- 
^ dent, at a speed of 20 niilosor 30 miles ati hour. Some years ago, ho 



laid down a curve upon a radius of 7 chains, or between iOO and 500 feet» 
which remained to this day on one of the great tines of the kingdo 
The trains were calculated to travel on that curve at 25 miles no hou 
hut when the line went out of his hands, the Directors issued mstrocti 
not to exceed 15 miles an hour round that curve, by which instruotioi 
of course aQ the calcutaliona for 25 miUs were falsiPc'd. With 
to the limitation of gradicota to 1 in 200 in level districts, 1 in 100 i 
hills, and ] in 40 on mountain lines, he remarked that the character I 
gradients must be guidud by what the country would admits 
countries seemed to be laid out for a certain class of gradient Thus, t 
tho West of England, the land was laid out for I in 60 ; and if I in ' 
or 1 in 80, were attempted, serious difficulties would be eaooutttered. 
other parts the ground was suitable for gradients of 1 in 100. Therefon 
as the country seemed it^^elf to design the gradient on which the rtilv 
should be laid out, to limit these gradients by the dictum of bociki < 
tables, appeared exceedingly undesirable, _ 

Tho speed of the trains on these German lines appeared to b* lowtr 
than was oeoea^ary. On the Semmering Bailway the speed of the ex- 
press trains was limited to U miles an hour in ascending, and to 16^ 
m ties in descending, gradirnta of 1 in 40. He waa satiafied that speed 
might be doubled with safety, from his experience in the working of the 
Lickey incline, of 1 in 37, on the Birmingham and Gloucester Hailway, 
since the year 1830. The gooda train at H^ miles an hour might do very 
well, as high speeds were not required for goods, and it waa ezpextaiig' 
to have high speed for goods trains on heavy gradienta. ^ 
di'seending such gradients, it was quite possible, with or" 
breaks, always to have the train under command, when tnv 
at a much higher speed ; and the only limitation m dio^cendiag Qpa 
heavy inclines waa that which enabled the train to be held * in band.' 
When a train was obtaining the mastery, running uhtad in fact, it wm 
readily perceived, and there was a certain stage of progrefcaion whi^h 
might be denominated the ultimate speed which a train attaioiHi, after 
the breaks had been got to a proper bearing ; and this speed would nut 
decrease, or increase, unless a greasy part of the line, or the fkliing ol 
dewA, int^Tveoed to give more sliding way. The late Mr. Robcft 
Stephenson used always to complain of the cost of going up tJioae htsTy 
inclines ; but Captain Moonom Wlieved that the coat of working up the 
Liekey incline, at 28 miles an hour, was practically no more than going 
up at the rate of 15 milea. From the year 1S40 to ISlo the speed 
on that incline was 15 miles an hour with pas'senger trains of sev^a or 
eight carriages, at a certain cost per train mile, which he did O'rt rt^meni' 
bet, but it was per engine about ir700 per annum. From 1645 to about 
1655, a material improvement took place, as regarded the timifiei, which 
incr* ased so much as to require t^'U or twelve caniagtfa, in£trad of m 
average of sevi^n or eight, and heavitr engines were used. The re»u.''" 
was that, from 1B45 to 1855, the trains of twelve carriages used to i 
up that incHne at 26 miles or 30 miles an hour, at no more practical c 
than they ran in 1845 at the rateuf 15 milesan hour. He nrferred tot 
accounts in vcriication of the correctness uf this statement. He tDoughl 
that embankments of 170 feet in height were dangerous to execute. Hi 
was laying out a tine for the next session with 62 feet of cutting rsth<< 
than have an embankment of 42 feet. The London clay or Umm woaT 
slip at lees heights than that, and he knew of no soil that could 1 
trusted to the lieight of 172 feet. He had an embankment of hi fett i 
the grittitone, but not higher than that. With respect to the bridge ova 
the Rhine, at Cologne, to whiuh allusion had been made, he thought I 
worthy of mention, that a member of this In&titution furnijhed thai 
debign for v^hich the Prussian Government gave the ptixe over gixiy-onsl 
competitors of all nations. That design waa for a lattice bridge of peculiar 
eharacterf and very largo spans. He was not certain whether the da^]|Q 
had been carriid out in all ita details, but he was told thst a UtLita 
brid^^e had been constructed there. He mentioned this circumstancf, as 
rt'dccting credit upon the Institution^ that one of its mt mbcrs should 
carry off the prixe as to engineering construction thus largely competed 
for^ wliile the prize for architectural design was awarded to an architect 
of fieri in. 

Mr. Mallrt said, he felt unbounded admiration of German enginoen, 
and he Ir&a satisfied ihut, as reganied sound technical education, the 
comparison bi'twcen the English engineer and the German wis much ta 
favour of the latU>r, and increasingly so. With respect to origuudity of 
couritruetion manifested in the German railways, no doubt the tarUett 
lines in that country were suggested by the iucc«asful creation i " 
railway ajstem in England. Tliey were, he believed, not doaig 
military engineers, but by officers from the Gergampt (School of j 
the tirst ideas of railways being taken from those ol their gr«ftt pn ^ 
George Stephenson ; but the works were carried out in their owii i 
from the commencement, and with striking originality in stntct 
detail. So ffir from having copied £ngliah engineers, tfac Utter hid i 
several respects copied them. The lattice bridge m iron was In fast. 
introduct-d from Germany. One of the earliest Get man ir#»n latti 
bridges was that across the Elbe at Mogdeburg, the wooden la!tJcf» havii 
been long previously known and adoptt^d in Amejita. Sit ^^ .inoi 

who waa I he first to employ iron lattice bridges in this ^ . k lij|| 

earlit'f't examjliSi in Ireland, from this and othtr early U-iujau ufuiga> 
Mr. Afallet would venture to say tliat he believed, in the end« tho I 
bridge, in iron| in one form or another, would supersede aU otJ 
railway usea. 
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He htd recently been OYor a new line of German rftilway, the Deuls 
and Gieascn, wbioh ron along iho vallcyt of the Lahn and t^ieg, through, 
in great part, a very uneven country, one very unlike the level plain of 
CeDtmt Gemiany^ so commonly supposed to form tba basis of all German 
linca. This line compriied a vast amount of heavy earthworks, and over 
bridgea, and exteniive lattice viaducts repeatedly crossing the I^hn a 
large navigable rivvr^ and it pa(«sed through a country more dllBcnlt than 
Any he had Bi'cn in England, In one place^ for H miles in length in one 
atretchf the gradient was I in 49, and nowhere leas than 1 in 80 ; almost all 
this wai in rock cutting and side ecnbatikment, and the line was obliged 
to take curves in the form, in some places^ of the letter U. That line, ho 
understood, had been made, nevertheless, at an expense of abnut £12^000 
per mile. The bridges over the Lahn were on the lattice principle, and 
were bcaoiiful examples of strni tural skill, and in some p<»int8 novel. 
One charactenatic of the German railways waa well worthy of imitation j 
that woji the car© taken to prevent accidenU, which seemed to be to a 
great extent neglected in this country. Some yiars ago, a brother of their 
member, Mr. Siemens, himself a German engineer by education, propoaod 
n mode of tilegrapbiog along all the lines, by which each train, as it 
ftarted, telegraphed its approach to the station immediately in advance. 
That system was adopted on every line, he believed, and the result waa an 
almost entire immiitiity from accidents on German lines. It was not 
correct to sttppoee, that the freedom from accidents on the German lines 
arose from tbtir running few trains, or that these invariably travelled at a 
■low rate, 1q Westphalia, tho grand centre of German industry, on the 
trunk lines, as many trains ran as on some of the English lines, and tho 
speed of thfl express traina was 40 miles an hour, while the average 
•peed of ordinary traina was i German, or nearly 21 English miles per 
hour. Ri'pt atcd t^fforts had been made to get the tamo tyetem introduced 
here, but the attempt bad been nugatory, except in one or two instaucea. 
This inertnesa to improve in England might be illuitrated by a arndler 
tnatter. Nearly all the railways in Germany had their axles luhrieat^.d 
with liquid oil, instead of solid grease^ ihe imperfect material in universal 
use here ; one loth, or ounce of oil, serving to greage an ordinary axlo for 
m month. About fifteen years ago, ho introduced ft mock of oiling tho 
sxles of railway wheels which, although independently ioveiited by 
liim, turned out afterwards to be identical with that in use in Germany on 
certain lines. Ho endeavoured to get the m*'tbod tried on some Kngliah 
lines, but wat met by the statement^ that however good it might be, grease 
was so generally employed that no thartge would be made. In Germany 
there was an admirable syitem at work for the teuhnioal education of 
engineers and others engaged in skilled ai^d sciL'ntidc employments, with 
which there wns nothing to compare in thi^ country, and it would be well 
to study it and to adopt it as far as possible, 

Mr. Smi;U.09 said, that in the north and nortb-east of Gormany^ every- 
thing in the way of railway works woa ao pluin and simple, and ao like 
what it was in any easy district of country at home) that there waa not 
much to remark upon. The expt^ndituru upon tho railways had beea 
small from a variety of reasons, ono being that the population eupplied an 
cxcelleot industrious class of workmen, and the woi k did not appear to bo 
burried so much as was the case in tbi«^ country. There was a less amount 
<rf work to be done, and being carried out more slowly, large bodies of 
workmen were not collected together, by which the price of labour waa 
rsised to an artilicial height. The German navvy waa paid about la. 6d< 
per day, and did a large amount of work^ ao that he believed throughout 
PruaMA the cost of the earthwork did not exceed 8d. or 9d. per cubic yard. 
It WM to be remarked, that but little contraet'irs^ p3ant was employed, tho 
embankments being exeeuted mostly from side cuttings, with barrow rtina 
of mueh greater lengths than in this country, even up to 300 yards. This 
might Queount, in a great degree, for the excellence of the earthwork to 
which fllluiion had been made. The atationa in Germany had been 
apoken of as being excellent ; and he waa surprised that tho author had 
not noticed especially the station at Brcalau, which was perhaps one of tho 
ifinest in Europe, as regarded architectural efifcct. In hia opinion, tho 
German lattice bridges should not be taken aa models of the best design 
and concitruction. The lattices were eompoaed of Bat bars, which were 
inherently weak in themLSclves, and which, however they might be sup- 
ported at intervals, by vertical bracings, to keep the ttjp and bottom 
naagOB apart, were impirfect constructions. It was, he thought, far bettf^r 
to give the lattice bars the oecessary rigidity in themselves, than to mak^ 
them inherently weak, and supply what was deficient in them liy addi- 
tional oonatruction. lie had made such girders somo years ago, when it 
waa the customary practice, but he found their deflection to be very great; 
in consequence, ho had since adopted the system of employing angle 
irons for tho lattice braces, whether in tension or compression, or 
of using plate girders, which undoubtedly formed a good atrong bridge. 
The rolling stock was of excellent construction^ and the passenger car- 
riages moKt commodious; but the trains were few in number, and in moi^t 
0aaea eeveral hours apart. Under such e ire urn stances, he did not think 
that io much credit as had been claimed for them was due for their freedom 
^m accidents. In fact, no fair comparison could be made in this respect 
between the German and the English sj'stems; and ho believed that if tho 
trains ran aa frequently on German lines as on those in Eoglaad, it would 
be found that as great, if not a greater number of accidents would take 
plAoe on the former than on the latter. 

Mr, C. II, GaBooav said, with regard to the alleged advantages of 
fpecial eduoatiun, without venturing to depreciate^that which was a valuable 



aid to the labour of all classes and very useful in assisting the engineer 
and the prncticsl man, to the best way of attaining his object, yet he 
submilted that undue importance should not be attached to theoretioal 
education, to the neglect of that practical experience and training whidi 
the engineer should always bnng to hear upon his profession. The 
history of engineering in this country showed that the works which 
reflected the highest honour upon the profession had been carried out, to t 
great extent, by men who had not any large amount of special theoretical 
education, but who, being possessed of great natural powers, were enabled 
to take advantage of the national resources and peculiarities in such a way 
as to command for English engineers universal rciipcct. He thought that 
this result would not have been attained, if they had ndied upon a 
technical theoretical education, and systematized rules, out and dried by 
othersj instead of their own energy and originality of mind and action. 



THE ASSOCIATION FOB THE PREYENTIOJS^ OF 
STEAiM BOILER EXPLOSIONS. 

Thr moEthlT meeting of the committee of this ARSi>ciation 
was held on tlie 30tli Oeitoben when the chief engioeer, Mr, 
tietcher, made kis montbij report, from wbick tho following irf 
extracted : — 

During tlip last montli 473 enirines have been examined, and 
631 boilers, as well as two of tjie latter tested by hydrftulio 
pressure. Of the boiler examinations, 506 have been h^xtemai, 
6 Internal, and 120 Entire. In the boilers examined IH defects 
havo been discovered, 6 of those being dangerous, thus ; 
Furnaces out of sliape, 4 ; fractures, 5 j blistered plates, 2 
(I dangerous); int4?rnal corrosion, 12; external corrosion, 16 
(2 dangerous) ; internal grooving, 2; external grooving, 1 ; feed 
apparatus out of order, 1 ; wat-er gauges ditto, 17 ; blow-out 
apparatus ditto, 13 (2 dangerous); safety-valves ditto, 5; 
pressure gauges ditto, 4 ; without feed back pressure valves, 3^, 

Sthbnothenino the Manholes of Boilkbs with Modth- 
P1ECK§. — The iuiportauice of strengthening the mmilioles of boilera 
with mouthpieces is shown by the fact that nine explosions, by 
which fourleen persons have been killed and six others injured, 
htivo recently occurred to boilers in wbieb this precaution has 
been omitted. In each of these explosions the primary rent has 
started from the manhole, and although in some cases the pres- 
sure of the steam has been considerably higher than it should 
have been, so that the explosions have teen partly attributablo 
to excessive pressure, yet tiiey bnve been materially promot'ed 
by the weakening e fleet of the unguarded manholes, wlule others 
have been entirely due to that cause. Partienlara of six of 
these explosions nave been given in previous reports ; while 
those of three others will be found below. The weakening 
effect of nnguarded manholes is not produced solely by the 
amount of metal cut away, but to a great extent by the action 
of the covers. These are generally internal, and held up to 
their work by the pressure of steam, as well as by a couple of stout 
bolts and nuts, suspended from arched bridges ; and as the 
surfaces of the plates at ihe joint are not dressed smooth, but 
left rough, a considerable strain is frequently put on the bolts to 
make the joints steam-tight, especially when tho cover does not 
fit the sweep of the boiler. Thus the action of the stejun, 
combined with bolts, tends to force the cover through the man- 
hole and split the boiler open. This is just tho action that tnkes 
place. In some boilers it has been detected in an early stage 
jusL in time to prevent explosion, while others have been known 
to burst shortly after the manhole covers have been tightene<l 
up, or the joints caulked. Nothing is easier than to strengthen 
these nmnholes. It is done in all modern boilers turned out bj 
firat'class makers, so that there is not anything novel about it. 
As, however, some of our members have old boilers to which 
this mounting is not attached, and which they are desirous of 
adding, whUe some makers continue to turn out new boilern 
withiiut it — ft practice from which so mnnv fatal explosions, as 
just stated, have already occurred — it is thought that a description 
of ibis most simple but valuable mounting will not prove utuic- 
ceptnble. 

The nirinhole mouthpiece is an external one, made of cast iron, 
and in the shape of a short cylinder, with a flange both at the 
top and bottom, the lower one being carved so as to fit tho 
sweep of the boiler to which it is ri vetted, while the upper one 
is flat, and fitted with a cover, secured with bolts and nuts. 
Both the cover and upper flange should be faced up true on 
their joint surfaces, wlule it adds a finish to the work to turn 
them up ou the edge, as well as to hce ike cover on the outbid^ 
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for a widtli of a bout four indies, so M topve tk trae bearing 
gtirface for the nuts. For ronrenienc* in lifting the cover, a 
wrought iron eye bolt should be attaebed to it at the centre. 
The height of the mouthpiece should be sufficient to admit of the 
introduction of the bolts between the llan^es for securing the 
coFeri while the opening should be large enough to atlbrd a mna 
easrvaccesst say 16 inches^ which, hovrever, is a liberal allowance, 
mnd might be slighth^ reduced in special cases should it be 
desirable to do so. llie metal should be an inch and a miarter 
thick for steam at a pressure of 601b., while the bolts should be an 
inch in diameter, and spaced about hix inches apiirt. It is well to 
strengthen the upper nange by brackets, while the cover can be 
stiffened by ribs ir refjiilrcd. By some makers the flangea are 
made as much as an inch and a naif thick. For steam coDsider- 
ably above OlJlb. on the square inch, mouthpieces are sometimes 
made of wrought iron, but those of east iron are found to work 
satisfactorily up to that pressure. No hemp ring will be re- 
quired for making the cover joint, but merely a little red lead 
and oil if the surtaccsbe properly got «]>, and provided that the 
lower flange be suitably nvettetl to the shell, bttle or no cauJJditg 
will be required to make it steam light. 

Thia external manhole mouthpiece is not the only form 
adopted. Some boiler makers prefer an internal one. Either 
of them, if properly made, works well. The one deKcribcd above 
JB of a type very generaUy adopted and approved. Many 
hundred butlers are fitted with it in this neigbl>i>urhoo<L It h^ 
been found to work satisfactorily, and may safely be followed. 

Mfdhole Mouthpieces,— In double furnace boilers the mud- 
hole — which is placed at the bottom of the front end plate, and 
below the furnace mouths — forms a second manhole, and should 
be guarded with a mouthpiece, Wlien this is omitted, incon- 
venience is experienced from leakage at the joint, which not only 
disfigures the boiler, but induces corrosion, in many cases so 
wasting that the front end plate has to be cut away and repaired. 
With good mouthpieces, suitably got up, this danger is avoided. 

The mounting for mudholes is very similar to that reeummend- 
ed above for manholes, but the position below the fnmaee 
mouths does not allow room for a cylindrical mouthpiece 
sufliciently large to admit a man*}? passing through it, and, 
therefore^ instend of lieing cybndrieaL it has to be oval. Like 
the manlioUi mnutli piece just dcBcribed, one of the tlanges ia 
rivetted to the boiler, ami the other fitted with a cover seeurt^d 
with bolts and nuts, both joint surfaces being faced, ats well as 
the outside of the cover. Cor a width of about 4 inches from the 
circumference, in order to ensure tlie nuts bearing fairly. It is 
important that the joint surfaces should be well g<it up. and it ia 
better to make I he joint nith a little red lead and oil, than mith 
a spun yarn ring ; while a ease which has oceured during the 
last day or two may be mentioned in illustration of this, in 
which the funjaee crowns of a boiler were both laid bare and 
overheated at night time, in conseouenee of the water's wasting 
away from leakage at the joint of tlie mudhole cover, which was 
not made metal to metal with red lead and oil, but with a spun 
yam ring. Metal to metal joints will of course sometimes lenk 
if neglected, but they do not give way unawan^s, and thus rapidly 
drain a boiler as m the inatance just mentioned, while the 
amount of discharge in all ca«ei may reasonably be expected to 
be le8S, even should leakage occur. 

Int4?mal mouthpieces are sometimes preferred for mudholes 
to external, but either one, if well got up, wilt do good service. 
Perhaps the external ones are more extensively used, and, as 
stated above, with regard to the manhole mouthpieces, they are 
found to work satisfaetorily. and may safely be adopted. 

Eti PLOSIONS. —Before entering on the explosions of the past 
month, the partieulars of two others, viz., Kos. 27 and 29, 
which were of prior oceurrenee, may be given, since they have 
special reference to the subject of unguarded manholes just 
alluded to. 

No. 27 Explosion occurred at about half-past four on the 
afternoon of May 31st, at a small elastic braid jnunufaetor)\ and 
resulted iu the death of one person, as well as in injury to two 
others. 

The boiler, which was not under the inspection of this Asso- 
ciation, was most diminutive, its length being only 4 feet, and 
diameter 2 feet 5 inches. It was fired externally, and of plain 
rylindrical construction, with dished ends, the barrel being 
eomposed of two jdates, which were laid lengthwise, and 
iheasured a qiuirter of an inch in thickness, while the ends were 
ihree^ightJiB. 




The equipment of the boiler was most defective. There 
a large manhole cut in the top of the shell, measuring 171 i'lcb 
long by IHJ inches wide, which was not strengthened, as 
should have been, with a subst-antial mouthpiece, whilt? the ho] 
waa laid k^ngthwisc on the boiler, so that it had a very weake 
ing effeet. There was but one safety-valve, an inch and fivi 
eighths in diameter, loaded with a weight which at the eod 
the lever gave a pressure of about loOlb. per square inch, thou, 
it was stated that the boUer was ordinarily worked with 
weight not at the end, bnt midway. There was no steam- ^ 
sure gauge, and no glass water-tube, the latter having been broki 
some weeks before the explosion, and the boiler worked oi 
without it, while there was no teed-purap or injector for feedi 
the boiler, so that this coidd only be done by letting the press 
down, when the water was poured in through a pipe leai ^ 
from two or three tuba placsed three or four feet abovv ike 
boiler. 

When the boder burst, it gave way at the untjuarded man- 
hole just described, five rents starting from it, which ripped the 
»hell comph^tely open along the top from end to end. The 
explosion reduced the house to a heap of ruins, the brickwork 
and timber being scattered in every direction, and an adjoini 
street strewn with the dShris^ while other portions were tkro^ 
on to the roofs of neighbouring buildings. The manhole cot< 
is reported to liave b».'en blown to a distjuic© of IGO fe«t, and 
safety-valve 450, where it struck an adjacent chimney ; while, i 
addition, the owners of the boiler, who were their own firemei 
were both seriously injurtnL one c»l* them fatally so. 

From the evidence given ai the inquest, it would appear that 
though the boiler was tended by its owners, this was dorne m a 
somewhat remarkalile way. In consequence of there beizig no 
pump or injector, they were in the habit of charging the ' " 
with a whole day's supply at one time ; and as the glass wal 
was broken, they ascertained the amount of wat<»r in the 
by lying an iron nut to the end of a string, and letting it do^ 
ttn^ugh the safety-valve, so as to take a sounding, 5lalim; 
after twelve hours' work they still found water in the boiler 
to the tap at the bottom of the disabled glass water gauge. 
mechanic, who had erected the engine and boiler, said tliat when 
the steam got up to blovi-ing-ofl' point, the owners wi-re in the 
habit of drawing the weight to the end of the lever, in order 
confine the steam in the boder, instead of allowing it to blowol 
Twfi engineers, one of whom made an official report on the cai 
of the explosion at the order of the coroner, called attentioa 
the weakening effect of the unguarded manhole on the * 
the former stating that if the boiler had been intended ft 

tiressure. the munhule should have beeu strtnigH 
tttter, that he did not consider it safe at a higher 
50 lb. jHT square inch. Both of them concluded, a 
the plates, that they had not been overheated thr- t 

of water, while one of them added that the boder u..- ,.x .. ..1<>wb, 
in the first instance, for a much lower pressure than that 
which it had been worked ; and to admit of an increase, 
original safety-valve had been removed, and replaced by the 
upon the boiler at the time of the explosion. The jary bnmg] 
in a verdict, ** That the explosion was due to shortness of wal 
in the boiler, and the generation of gas, which caused an oT< 
pressure ; " while, at the same time, they censured the iiwii< 
lor not having supplied the boiler with a Ht4»am gauge and wal 
gauge ; expressing, in addition, their disapproval of the prs(^( 
of placing such builers in thickly populat^'d parts of the towni< 
and entrusting their management to incN'impetent men, ic ibe 
imminent danger of the surrounding neighbourhood. 

There appears to bean inveterate popular habit of at tributing 
all explosions to shortness of water and the formado(n of gasef, 
and it would have done more to prevent the recurre 
similar explosions if the jury, instead of launching into 
had confined their attention exclusively to the practical 
in the equipment of the boiler — such as the absence of a 

pump, steum gauge, or glass water tube, the very disproiJOL 

hiad upon the safety^vidve, as well as the weakening effeei 
the large unguarded manhole — and pointed out the* im^ 
of having boilers more efficiently mounted. It appear:? i 
joint of the manhole cover hnd f»een caulked vdXh red ksid 
few days prior to the explosion, and as the boiler bur>t thd 
time it was jsct to work af^er the caulking, it woTihl Herm 
the manhole then received its finishing touch, wl i-r^r 

dance with the view previously expressed, that ii i.nji 

elleet of these unguarded manholeg is uot due ioli^y to tiM 
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amoimt of metal cut away by the opcningt but also to tbe stram 
put upon the pUiU*s in making the joint. It was not actually 
proved in the evidence that the weight was at the end of the 
■afety-valve lever at the moment of explosion » and even 
if it had been, and steam had been uo to blowing-off point, 
▼ia., 1501b, on the square inch, it would not have led to the 
rupture of a shell of «o small a diameter as this one was» had it been 
IkiHy made and suitably eqtLipped ; so that it would not appear 
correct to attribute the explosion simply to exceasive pressure. 

This exijlosion must, it is thought, be ranked among those 
due to defective IkuIit mountings, while it clearly aflbrda an 
additional illustration of the tlanger of unguarded munlioleH^ and 
the itniiortance of baring them all suitably strengthtmed with 
tubstantial moutlipieees. 

No. 29 Explosion occurred on June 11th, to a small boiler of 
multitubular portable class, not under the iuHpcetion of thia 
Association, and resulted in injury to two persons. 

I have not liad an opportunity of making a personal examina- 
tion of tlie exploded boiler, but have been favoured with a pho- 
tpgrapht as well as with particulars and sketches taken by an 
engineer on the spot, from which it appears tbat the primary 
rupture occurred at the crown of the outer easing of the fire- 
liox, the rent running in a longitudinal direction, and through 
the manhole, which was not strengthened with tiny mouthpiece. 

The explosion is extremely similar to another which took 
place to a portable agricultunil boiler when at work driving a 
thmahing machine on the 9tli of January, 1865, details of which 
were g^ven in the report for that month, under the head of 
Szploaion No. 3. Although there was no evidence in either of 
tlifise cases of there having been excessive pressure, the miestion 
hat been raised in both since the explosions occurred. Indeed* 
in the 6rst instance, an action to recover dtiniages was brought 
by the owner of the boiler against the party to whom it had 
been let nut on hire, on the assumption that the explonion wag 
due to his having iniproperly screwed the safety -VBlve down. 
The desirability of avoiding this uncertainty* apart from con- 
siderations of safety, appears to me a sullieient reason for adopt- 
ing the recommeudation already given on previous occasions ; 
Tis-, that the spring balances with which the safety-valve levers 
of portable bodcra are usuiill^' loaded, should be fitted with 
suitable atop collars or ferrules, which would render it impos- 
sible to scjrew the valves down beyond a pre-determined pres- 
sure ; added to which, all these boilers should have two safety- 
Talvea, one at least of which should be of dead-weight construc- 
tion, and not placed inside the l>oder, where it would be out of 
sight, but outside, so as to be both above-board and accessible ; 
while the constant recurrence of primary rents in boilers through 
unguarded manholes, of whicli the present explosion is an addi- 
tional illustration, must b(? the apology for repeating the oft- 
reiterated recommendation, that all these manholes should be 
strengthened with substantial raouthpieees. 

From September 22nd to October 26th, inclusive, the following 
explosions occurred ; — September 25th — Ordinary single flue or 
** i Ornish," intenmlly firea, 7 persons killed, 2 injured. October 
6th— Portable agricultural, internally iired, I killed, 7 injured. 
October Hth— 3iariue, 2 killeti, 2 injured. October 9th— Port- 
able vertical, internally fired, 8 kdled, TotaJ, 18 killed and 11 
injured. 

Not one of the explosions given occurred to boilers under the 
innpection of this Association. J have visited the scene of the 
cataj^trophe of the two that were most disastrous, viz., that 
which happened on September 25th, and resulted in the death 
of 7 }>crsons. as well as in injury to 2 others, and also, that which 
occum'd on October 9thj and by which 8 jH»rsons were killed. 
I am not able, however, to give full details, but nioy state 
that neither of these explosions arose from shortness of water or 
oonxNled plates. The first was an ordinary Cornish boiler, 
4 feet 6 inches in diameter, and failed in the external shell at a 
brittle nlate. The boiler in the case of the latter ex^lonion was 
a small vertical one, internally -tired, and most improperly 
equipped, having but a single salety-valve. whereas there should 
have been two, while the one with which the boiler was fitted 
was of a most dangemus construction. AImo the manhole was 
not strengthened by any mouthpiece, and the boiler !)urst at 
that part. This is the .second boiler of this class anti by the 
same maker which has recently exploded wiih fatal rcitidts, so 
that it deserves serious att^'Ution. The details of both these 
explosions are important, and I hope to be able to give theui at 
an early opportumty. 
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The inundations that have recently taken place in France have 
shown bow very necessary it is to establish a communication, by 
some simple means, l>etween two points rendered inaceessible by 
the water, M. Gustave Belvigne has invented an arrow to 
carry a line that may be e^sUy used to render assistance in such 
circumstances. There are everywhere a great numl>er of gonji 
available, either muskets of the soldiers, carbines of the gen- 
darmerie, or fowling pieces. The average calibre is from 17 1 
centimetres to 18 centimetres. This arrow, for the purpose of 
carrying a hne, cousists of a rod of wood 1-10 to 1*20 metre in 
length, and 14 to 15 milimetres in diameter, of ash, or any other 
flexible and straight grained wood. At the end which rests on 
the charge a copper ferule is fixed with a small pin, 15 to 20 
milhmetn^s in heiglit, and half a millimetre less in diameter than 
the calibre of the gun. This ferule thus foniis a protection, a 
stop at the back ofthe arrow. In urgent cases tliis stop might 
even be made by a little pin driven through the wood. An 
arrow thus prepared would wei^h 180 to 2D0 grammes. For a 
fowling piece, the barrel of which is shorter, the weight ofthe 
arrow is reduced by a third, and also the charge of j)owder. At 
the front of the arrow is placed a loop, formed by the end of a 
line of about 60 centimetres in length, firmly fastened by means 
of splice or a ligature. At the middle of this doubled line two 
strong hgatures are made with fine twine, so as to form a ring 
clasping the rod tightly. In this manner the doubled line forms 
two loops of equal lengths on each side of the ring. Below and 
against this fastening a noose is fonncd with the end of a line of 
the same size, with five or six turns tight round the rod. Finally 
the line to be carried is fastened to the loops. This Hue 100 
metres in length, and from 2\ to S millimetres in chameter, is 
wound on a conical mandril, which is taken out when the ball of 
line is completed, and the end within the ball is that which always 
should be attached to the arrow. I f necessary the balls of twine 
sold by the rope makers, and which are easily unwound from 
the. interior, may be used. Tliis done, the gun or musket is 
then loaded with a charge of from 2 to 2.j grammes of powder 
(about half an ordinary charge), then two good wads of felt are 
ranmied in, or else a strong paper wad. The arrow is then nut 
in (the wood of which should be first slightly greased), ana ia 
well pressed down to the wad. The gun ia pointed at an 
elevation of 26 to 30 degrees in the direction required to send 
the line. In the firing, the fastening and the noose slide stiffly 
the whole length of the arrow as far as the projection or stop on 
the ferule- B}* this means the inertia of the line to be carried is 
gradually checked, and the shock that would be liable to break 
the line is prevented* 



KOYAL INSTITUTE OP BEITISH AECHITECTS. 

OPENING ADDEESS BY THE PEESIDENT, 
AlEXJLNDEB J. B. BEBBSFOB0 HoFB, M.P., LL.B., F.S.A.* 

llAvrNO by your kindness been for the second time called ta 
the chair ofthis Institute, I have again to open the annual 
session, and to review the position of the Society in regard to 
the noble craft of which we are the accredited representative 
within this reidm. My task ia, inider one aspect, more easy 
than it was last November, because, from having been personally 
engaged in all the work of the Institute during the past scHsJon, 
I can speak with the eonlidenee engendered by personal resp*m- 
sibilitv. On the other hand, that responsibihty makes the 
second year*s adilress a more diflicult enterprise to him who haa 
the honour to deliver it; for when he makes his first appearance 
he comes forward with something of the assurance of an invited 
lecturer; the second time, he appears as an official, bound to 
show cau^e for what he may have performed in behalf of iho 
lustitute during the past period, and to plead indulgence for all 
that he has neglected. 

To begin with a purely domestic matter, I have to congratu* 
late you upon the cloubt which may have existed as to our right 
to prefix itie vocable " Eoyar* to our style, having been snlvcd 
by Her Majestv'n own gracious and direct pemiission to use the 
appellation. lliis session will be marked oy certain altcmtiont 
in our personnel, which are needed to give more etlicieney to our 

* D«iliTfvod at tLo Ordinuy Oenenl If eetinf , NoTembcf Sth, 186$, 
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operations. It will not become me to say more upon this head 
than to assure you that, while fully convinced of the desirability 
of the change, I almost regret that we shall no longer show the 
world the example of so much done by a staff so nearly honorary 
in all its organisations. 

Last November I referred to the relative fimctions of the 
Institute and the Royal Academy. The intervening year has 
been eventful for the latter body, for 1865 had not closed ere 
the chair of the Academy fell vacant by the decease at Pisa of 
its beloved and honoured President, Sir Charles Eastlake. Of 
the merits of that admirable man it is hardly necessary that I 
should speak to any who enjoyed the privilege of his acquaint- 
ance ; but our transactions, 1 trust, penetrate beyond our own 
circle and island, and I should regret that this address did not 
contain our formal valediction of one whose name will long en- 
dure among the famous men whose praise is written in the 
history of British Art. The distinguishing characteristic of Sir 
Charles Eastlake's bearing, was a certain sweet and grave judi- 
cial evenness ; kindly but firm, choosing with deliberation its 
time for speaking, and speaking then in the tones of one who 
claimed attention in right of his knowledge and forethought. A 
man so gifted, was of course eminently suited to be an efficient 
administrator in difficult times, and such were the latter days of 
the last President of the Royal Academy. Sir Charles East- 
lake's place has, I am glad to say, been filled by the election of 
an Academician who has shown himself a vigilant sentinel of 
artistic independence, at a crisis which has put his courage to 
the proof. It is not many months since uie attitude of art 
politics in regard to the Royal Academy and to the National 
Gallery was an object of anxious thought to all impartial 
bystanders. The late Government was desirous, to its credit, 
to terminate the long paralysis which had crept over the 
material future of the Royal Academy and National Gallery. 
It made its policy hinge on the expulsion of the Royal 
Academy from the building in Trafalgar- square, which was 
then to be transferred in its entirety, with something more, 
to the National Gallery. The administration had not very long 
before advocated a different policy, and proposed, while leaving 
Trafalgar-square t^ the Academy, to build a National Gallery 
in the garden of Burlington House. The sincerity of my regret 
at the failure of this scheme will not be doubted, because Ix)rd 
Palmerston's Government was induced to reconsider the proposal 
by pressure from the party with which in political questions I 
am accustomed to act. But art ought not to follow suit to 
general politics. The edict of expulsion had gone forth, and a 
new position was offered to the Academy somewhere upon the 
site of Burlington House and of its grounds, on terms so lax as 
to involve either the destruction of its garden, which nobody 
wants to keep, or of the house and colonnade, which would have 
been a decided architectural loss. Happily, as events have 
proved, for the preservation of that monument of eighteenth cen- 
tury architecture, but at the same time somewhat inexplicably as 
far as its own interests are concerned, the Academy, after a little 
hesitation, declined the Burlington site. Then there spread a 
rumour that a large area at South Kensington wasplaced at the 
disposal of that body on advantageous terms. Tlie offer was 
imaoubtedly liberal, and there might have been reasons for 
closing with it; but the scheme was obviously unpopular, 
because its essential element was the removal of the existing 
exhibition of modem pictures from the centre of bustle and 
population to a spot which its best friends cannot deny is both 
suburban and exclusively inhabited by gentlefolks. An episode 
intervened of an unsuccessful attempt to induce the House of 
Commons to revoke the decision to which it had come in 1864, 
while, in the meantime, the Burlington House gardens site had 
been reduced by the cession of its northern frontage, lying 
between the Arc ado and the Albany, to the University of London. 
Still between Burlington House itself and this proposed building, 
ample room existed, not perhaps for the construction of a 
National Gallery, but for tlie purposes of the Acadeiny, while 
Lord Burlington's own mansion stood available for offices and 
vestibule. Accordingly, at the close of the session, the Academy, 
while finally declining to move to South Kensington, expressed 
itself willing to accept this space, subject to the retention and 
adaptation of Burlington House itself, leaving to the Grovem- 
ment to keep and utilise the other buildings flanking the court- 
yard. The Academy galleries are in the hands of one alike 
honoured here and amongst our distinguished allies, Mr. Sidney 
Smirke, while the courtyard and flankiiig buildings are entrusted 



to the able manipulation of Messrs. Banks and Barry, who will 
have to consider the conversion for the uses of various learned 
societies of the two flanking wings, the curved colonnades, and 
the solid screen towards Piccadilly. The decision to which they 
may arrive is, of course, the business of the First Commissioner 
of Works. As to the treatment of the wings there can be but 
one opinion — namely, that those structures are the great blot of 
the wnole composition, and ought under any circumstances to be 
rebuilt. On the contrary, the demolition of the colonnade 
would, I venture to say, be artistically a great misfortune; 
whether or not it be a necessary sacrifice to the Baal of economic 
retrenchment, this is not the time nor the place to settle. The 
screen towards Piccadilly being heavy, though symmetrical in 
composition, and physically obstructive, is unpopular with the 
public, and its removal or vital alteration seems settled. Against 
the expediency of freely handling this member of the group I 
have not a word to say ; while I think it due to the taste of 
those who built it to observe that for their object, namely, the 
construction of a wall to serve as a complete screen between a 
private house and the street, it is a work of architectural merit. 
Our age is less exclusive, and the house is to become a public 
and not a private building. Nevertheless, if one of our contem- 
poraries were called upon to build a veil-wall, it is quite within 
possibility that he would produce something quit^.aa heavy as 
and less thoughtfully balanced tlian this often-abused screen. 
In spite of the physical proximity of the new University of Lon- 
don to the Burlington House group, it is impossible to conceive 
any two structures which it is more absolutely impossible to 
comprehend in the same view, and therefore our iriend Mr. 
Pennethome, to whom it has been entrusted, has wisely under- 
taken to carry out a totally independent design. 

When the Royal Academy finds itself established in a mansion 
of its own, and master of its own times and actions, it will act 
with wisdom if it sets itself to consider seriously' the position 
in which it annually places itself by adhering to the programme 
of an architectural exhibition which meets with so limited a 
response. I blame no one ; I willingly admit that better success 
in Trafalgar Square might have been impossible ; but we look 
for and claim other things at Burlington Mouse. In the mean- 
while, the Architectural Exhibition, which is our own co-tenant 
under this roof, having made a fresh start, with a new constitu- 
tion, merits our best Tiishes and hearty co-operation. 

I revert to the National Gttllery. The result of the late 
Government's decision was to fix its permanent home in Tra- 
falgar-square, and after the discussions of the past session, this 
result remains unchanged. Fortunately, there is but one opinion 
in or out of Parliament, that neither in size, arrangement, nor 
external appearance is the structure worthy of its destination, 
even after the appropriation of the half now used by the Academy. 
The one grand feature, Wilkins's double central hall, fell a 
victim some years since to an energy of patching emanating 
from Lord Palmerston's Gt)vernment. The purchase of the 
workhouse behind the Gallery, of Archbishop Tennison's school, 
and of several houses, combined with the removal of the barracks, 
is a costly method of meesing the objection which exists against 
the physical capacity of the existing pile to contain a collection 
which our just national pride leads us to hope will not in the 
twentieth century be depreciatorily quoted after Some, Paris, 
Dresden, and Berlin. However, we have met hero to-night as 
artists, not tax -payers, and so we do not complain of this expen- 
diture. It will be an outlay that will show results for the money 
spent, for with the addition of that area an ample space will have 
been obtained for the Gallery, with means ot securing a magni- 
ficent facade towards Trafalgar-square. This opportunity of re- 
forming the north side of Trafalgar-square, as 1 may notice by 
the way, is an advantage which would have been equally within 
the power of, and which would have been made compulsory on the 
Academy, had it been fortunate enough to have retamed its 
present position. The mass of building oehind wiU of course be 
a contribution to London interiors, but not to the artistic aspect 
of the streets. The late Grovemment was sufficiently awake to 
the importance of the imdertaking to determine upon selecting 
the architect by competition, and it further decided on a Hmitea 
competition. I know too well the delicacy of the subject to 
risk making this the opportunity for raising a discussion on the 
comparative merits of limited or unlimited competitions. There 
is one stage in the discussion on which all who care for architec- 
ture must agree, and upon which this Institute made its formal 
stand when called upon to have an opinion in the oonrae of tka 
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I discussion of last session. Those who support and those who 
oppose c-'ompaHtioriK, thowe who wish com petit ions to be uidiiuited, 
and those who prelVr that they sliould be limited. njuHt all agree 
tliiit when a competition vxxM^i and is not unhmited, thcrt' has 
arisen the m^ceSHitj of a snllieient nuuibor of com pet it or s being 

■ invit^fd to 8eciire the untlertaking being ftbk<* advantageoiL'i to 
architecture, to tlie piibUe, and to the object in riew, both in 
the stiuudus to art whieh such a competition is designed to j?ive, 
and in the gcwd reriults of a building of which the city in which 
it 19 to stand and the natirui maj be juatlv proud. The eoaipeti- 
tion for the Nuttunal Grallery was to oe a doubk^ one, each 
competitor having to tender a project for the alteration of 

■ the existiiig buildinj*. and alno for a completely new desi^, 
and the niinibcT of earididates originally naiiRd was six. 
It happened that in the other great competition of the yi'ar» that 
for the Law Courts, the number mx had aUo been selected. Tbe 

■ CotincU felt that in neither ease was the number suflici en t ; but 
there were certain complications in regard to thiit for the Palace 
of Justice which did not exist in reference to the Is'atiunal 
Gallery, and we accordiuglj thought it wiser to lin»it our formal 

I petition to the House of Commons (which I bad the honour of 
presenting) to one in fayour of extending the number of compe- 
titors for the Gallery, with, however, a manifest spirit of desiring 
to cx>Ter the entire controversy. Independent members nf the 
House of Commons t(X»k the question into tlieir own hautls as 
regarded the Ljiw Courts, and tbe broad result is that for either 
building a selected list of twelve emini-nt competitors was 
arranged ; and that the double jidjodication uptin tneir designs 
will no doubt be the great architeetunil event of the coming 

1 session. I may observe, that in the course of tbe parliamentary 
discussion, I ventured to throw out, w ith all ddlidenccthe question 
of the possibility of the ado]>tion, under certain circumstances, of 
ft gystvcm of competition comliining the principh's of limitation and 
•openness, by retaining a seleered body of uivited competitors, 
And yet permitting those architects who liked it, at their own 
risk, to enter tbe bats against the chosen few, with no claim for 
remuneralion on account of work performed in getting out their 
draw ings if unauccessful, but with an equal erne to be named if 
most deserving, for the actual construction, 1 do not here press 
the notion, though I have reeunvd to it as a sul>jt*ct which 
may be worthy of tbe attention of the Institute, guarding 

I myself by tlie premise that I suggest it as for tbe present 
necessity, and not as theoretically and ideally jtist and de- 
sirable. I moved the House of Commons to reverse the decision 
of two years since, which closed Burlington Bouse to the 
Kational* Gallery. The success of that motion would have been 
fatal to the Tra taiga r-square competition, and yet I had been 
working in your name and my own to make this competition 

I broader. Stdl, I venture to plead that there was no real incon- 
sistency in n»y prcx^eeding. t)n general principles of art policy, 
I wn» h*d to the conviction that a certain scheme was faulty, and 
I opposed it accordingly. Faulty, however, as the scheme might 
have been in its broader aspect, it carried with itself the inci- 
dental benefits which might accrue from the competition. 80 
I long, therefore, as the stuieme was a fait nceomph, as it is now 
dettined to be, it has been, and it will be, my duty to deal 
with the incidents of tbe new building in Trafalgar- souare as a 
question to be treated witbin its own four comers witn a single 
regarii to the advautage of th^t building in itseU*, and in relation 
to t!^e site whicb it f^eeupies. 

I was just observing that there were certain compHcations 
attaching to the competition for tlie new Law Courts, 'J'hese 
were of an administrative character, and owed their origin to the 
^k^t that tbe Government Iiad handed over no inc»onaidemble 
apportion of the control, w hich in the case of most public buildings 
would have been shared between the Treasury and the Board of 
Works, to a Special Commission, created by act of Parliament, 
Bad oomprising a large infusion of the legal element. These 

k gentlemen set to work with a very pound principle strongly 
before them, and, as w as not unnatural, rode that principle a 
little hard. They asHumed that the successful architect (or 
I architect;^) ought to have made himself practically acquainted 
with the working of the differ*'nt courts of law, and tbe inference 
^1 which they drew from tins undeniable proposition was that it 
^twas needf^d for them to be excessively restrictive in the number 
^Jof competitors chosen, in order to prevent the business of the 
^Bjcourt^ from being interrupted by the frequent visits of curious 
^winvesti^atorst and bo they drew the line at six. This was pal- 
pftbljt m the eyes of ail men except the Commissiouen them- 



selves, an extravagant application of their principle. Not to 
allude to any other objection, this restriction manifested 
considerable confusion as to tbe artistic obligation, contracted 
with the national honour, to produce the best attainable building. 
However, it required a vote of the House of Commons to over* 
come the reluctan(*e of this most respectable Junta. The 
maJDrity in favour of extending the number was decisive and 
totally devoio of purty complexion, and the Commission of 
course capitulated. So the number was raised to twelve, whde 
a parallel extension^ indirectly occasioned by that dirision, 
enlarged, as we have seen, the Hat of competitors for tho Nattoim) 
Gallery to the same Umit, 

Last year I had occasion to express my anxiety that the 
coming Palace of Justice might be worthy of its destination and 
of the empire. This year I can confidentially say that the list 
of competih>rs gives the material guarantee that the building 
will fulfil tbe expectations of artistic patriotism, provided onhr j 
the judges show themselves competent, and Parliament, in' 
years to come, is wisely generous enough not to grudge the 
necessardy large sums requisite to brinj^ so grand a work to its 
legitimate couqdetiun. I have, I feel, hngered somewhat long 
upon this sulnert. But it ia one of m much importance, not 
only in regard to the buildings affected, but to the great question 
of the relations wbich ougbt to exist between archit-ecture and 
the executive, that I have no reason to offer any a^jology for 
making it a prominent topic in this address. , 

I have now to call attention to the prospects of British archi- 
tecture and of the cognate arts at the coming French Exhibition. 
You need not that I sliould repeat the history of that joint com- 
mittee of this and other architectural societies which has, I 
believe, in some form or other, come before almost every 
meeting during the past session. You know that, after many 
incidents, mainly traceable to the t-enacity with which the 
Fpeuch authoritii'S, who are, of course, supreme, liave» true to 
their national character, clung to their own system for regulating 
tbe details of other tfoiui tries, our committee has been recognisea 
by the British Comniisisioners as the body on which it rehes for 
accomplishing the Gallery of British Architectural Drawings in 
the Fine xirts Department (Group L), and also (though with a 
less degree of otlicial recognition) as organisers of a Court of 
Manufactured Proiluctions referable to Architecture and the 
Cognate Arts to be comprised in Gr*iup III. Our committee 
was disapointed at finding tliat we could onl}'' have allotted tons 
a space of l.OOi) scpare feet in this third group. However the 
Ecelesiological Socu'iy obtained 7(>i square leet more, and by 
the terms up<:m which the joint committee wna constituted, this 
allotment was handed over to the common stock. whUe the 
authorities at South Kensington promised to forward our views 
by placing the two allotments so close together as to enable us 
to mould thi'm into one court. More recently, however, we have 
learnt that in return for this facility, the joint space has to be 
reduced to 1,42.S square feet. Kemons trance would be needless, 
mid so w*e are exerting our.'telves to make the beat of what ly e 
have got. But out of tliese arrangements has grown a project, of 
wbich I am grateful to say that we owe the suggest iun to Mr. 
Ct »b% which promises to be alike useful and fidl of interent. The 
tale of designs which we shall be able to exhibit at Paris will be 
comparatively small, while the number we should desire to send 
will be proportionately ven' numerous. In face of thisditfieuUy 
the South Kensington authorities have luulertaken to arrange 
for us a preliminary exhibition in London, commencing at the 
begiuninir of December, in tbe spacious range of galleries at 
South Kensington, which were during last summer, and wtII 
again next season, be occupied by the Kationnl Portrait Exhibi- 
tion. The space is va^t and the time convenient, and so we 
anticipate the opportunity of bringing together a ma.ss of con- 
temporaneous arcliitecture such as has never before be^n put in 
the power of the English public to study. Those who hope to 
appear at Paris are invited to conform themselves to certain 
necessary and pressing regidations of size, but the ctimmittee 
desire it to be known that they do not regard this exhibition as 
a mere tasting trial for Paris, but as one jjosse«sirig a national 
character and scope of its own, and which tberefore need be only 
limited by the space at their disposal. It will, it is expected, 
contain many designs tendered for Paris,and it will also embrace 
designs sent to be viewed in I^ndon, A comparison of tbe hst 
of the Institute, as it sto<x! at the close of last session, with that 
of the year preceding, will show a considerable increase in the 
section of Honorary Fellows* I think wo ought to regard this { 




364 



THE CIYIL ENGINEER Ajm ABCHITECT'S JOUHNAL. 



[D«onabori,ifil 



circumstance with HatiiiiractioD, not so much for the material 
adrantage which it is to our body, but for higher consideratioos, 
on which I shall not be deterred from dwelling* because, wht-n 
out of this chair, 1 mjself l>elong to tlj«t order. What is an 
honorarf fellow P Technically and literally he in the partner in 
a bargain, of mutual convenience to himself and to the lostitute. 
Morally, however, wo may, I hope, see in every new honorary 
fellow a fresh convert to the importance of our noble profession, 
8 fresh pledge that in tlie construction of all and every building, 
science and art shall hear their due proportions^ It is no doubt 
the duty, as it is the interest, of the architect to pk»ase his 
employer, ho far as he can do so without sacrifice of self-respect. 
It is equally his duty to see tJiat he lA respected by that 
employer, in the same way and for the iame reasons that the 
lawyer or tlic physician is, because the employer is convinced 
that the architect's technical knowledge carries with itself 
the guarantee of successful results imattainablc by untrained 
cleverness. Now then, although a litth^ learning ii* a dangerous 
thing where the half- taught empiric himself seta up as a prac- 
titioner, it is not dangerous in the hands of the man of sense, 
who is satisfied to appreciate and not to practise. On the 
contrary, it enables him toundcrstanrl the value of things which 
are as scaled books to the wholly uninstructt^d. Applying this 
truth {I fear I should say tliis truism) to ovir own case, 1 contend 
that it is for our direct benefit that the knowledge of the general 
principles of architecture should be as widely diffused as pos» 
aible among the educated classes* The time has as much 
'paflsed away for our profession as for any other to be a mystery. 
We are constniined to live^ — and well it is for ns to be under 
this constraint — in the broad daylight of general criticism, 
sometimes intelligent^ sometimes prejudiced and ridiculous, but 
even when most prejudiced and ridiculous, far more tonic? and 
useful to us than the ignorant silence of a carelesa and indis- 
critiiinating age. 

This criticiiim^ — to use the word in its largest senge, as in- 
cluding oral no less than published opinion — we may make our 
own, or we may exasperate according as we show ourselves, on 
the one side proudly impenetrable or testily thin-skinned, or on 
the other, genial and tractable, but withal assured and tenacious 
of our principles. We build, it may be for our own fame, but 
also for the u^e of all that remainder of the world who are not 
architects ; and, as those who use have a plain right to criticise, 
90 it is far better for them to believe that their opinions will 
reach and be considered by the men on whom thej arc passed, tban 
to imagine themselves prejudged to be gainsayers and malignants. 
On these grounds I congratuJate this ln.stitute upon the liber- 
ality of that provision in its constitution whicli admits the un- 
professional element, and thereby tndy makes us what wo 
never should forget that we are, and wbat we should resolve 
never to cease to be — an academy of architecture as well as an 
institut-c of architects. The financial conditions which we im- 
pose upon the Iionorary fellowship, and the test of proficiency 
wjiich we desire for honorary menibershin, if duly attended to, 
are sufBcient to prevent the professional backbone of the Insti- 
tute from being enfeebled by a liberal ititerpretatiou of the prtt* 
visions of our charter, wkicli leaves it at our discretion to 
replenish those two classes without any fantastic bmitation 6f 
numbers. In one detail only I would wfi^li the charter Imd been 
somewhat different. If the Honnrar}^ Fellow deserred from 
time to time to be called to the Chair, I regret that the same 
privilege should not also hav^e been secured for our Honorary 
Members. 

It will not be out of place, in reference to the co-operation of 
professional and anuifeur lovers of architecture, if I dwell a little 
upon the relations wlitch have existed hitherto, and upon those 
wliich I sbotdd be gbifl to see established, between this Institute 
and the Arcbitectimil Museum, or else Kome organisation fulfill- 
ing the duties of that Museum. The Architeetural Museum, as 
I am sure you will all bear me out in saying, grew oat of a real 
and acknowledged want. It was founded, in 1851, to meet a 
nercssity which was even then palpable and ine reading, and 
which has in the few intervening years become even more urgent, 
owing to the growth of national wealth and of artistic litemture, 
both of them combining in a remarkable manifestation of arehi- 
ictitural luitury. Sculpture was then bet^nuing to revindicate 
its rightful prerogatives as the first hamlmaid toarchiterturc, and 
the need was pressing for a trained school of architectural 
oarvers of a higher grade than mason*s men, but still unen- 
l^umbered with the usual apparatus which has grown up round 




the professed sculptor. Primarily no doubt, in the purriew of 
the founders of tne Institution, the demand was for a ataff 
carvers of Gothic stonework ; but still, above all, of carvers wl 
should show some perception of expression, and of an&tomji 
when called upon to place a figure upon a building, irrespectr 
of the figure being draped in toga or whimple, or left to t^ 
light simplieity of nature. The necessity of an improved schi 
of wood carvers was. of courae, equally apparent, and came 
within the scope of the undertaking. Two things were requisite 
r^'ttlly to 8et up such an institution in working complcteuesi — a 
g(X>d collection of examples, and systematic teaching. Of thci 
the collection was the one which it was easier to provide ; for il 
rudiments existed, partly in the specimens possessed by nrival 
hands, and partly in the facility with which the casta ol desii 
able examples could be obtained. Systematic teacliing, on t" 
other hand, involved the organization of a «taff of maaters, 
the class to be instruct^^d was not one which it was very easT 
bring to school. Accordingly, the new institution came ml 
existence as the ArcbitiH-tural Mu«eum» and not the Archi' 
tcctural Academy, with a great many casta, and a pieturesqoe 
cock-loft wherein to store them. At the same time, as much 
teaching as could be drawn from the unsystematic iViendlinesa 
of volunteer and often amateur lecturers was superadded; 
prizes to art-workmen were set on foot. Out of all thej 
ment s the complete intended Architectural Academy ot^ Art ^ 
have grown up. if only sufficient fimda had been fortheoioiSj 
But the financial shoe never set quite ea«ily upon the yoi 
museum, andj after a short though spirited period of indepei^ 
existt*nce. it succumbetl to an arrangement which it would' 
been tjuixotie. untler all the circumstances, to have flouted, 
which from the first has proved a source of numberless comply 
cations. You need not be told that this was the morganatif 
allianbe whieli the Architectural Museum contTacted with 
South Kensington Museum, whereby, in return for housi 
and certain privileges, personal and financial, the private 
loan of its property to the public instil ution» ( ~ 
tion ^-ith tfie South Kensinglon Museum I have no dcai 
an otlicer myself of the Architectural Museum) to speak i 
other than grateful terras. There have been from tmie to 
rubs, but we have met with a great dvaX of kindness and mueh^ 
material assistance. Still tJie alliance was one whieh carried within 
itself the seeds of faUure, except uiJon one condition, in 
indeed I never could see any antecedent or thc»orctic incQ] 
but which, from first to last, through many accidenta of 
tion, passed into every conceivable phase of practical impojisi 
It seemed to us that — as the South Kensington Museum 
expanding into a wide miscellaneous national collection 
oBjecta. both of acienti£o study and of art demonstralitm in 
widest signification, divisible into manvbranches.andn - 
capable of being independently admrnifit^^red — the Gv 
{which assumed the direct cimtrol of the whole institution) i 
relax its bureaucratic grasp of one of those branches, and 
it to be administered, under due inspection, within the wi 
the new Museum, by a private corporation. In the Com 
the Architectural Museum a body of men exi.sted. wilhj 
able to become the curators and directors of a national 
of architectural art, while towards making up that c*il 
both the Sonlh Kensington and the Arenitcctural Mqj 
wore stakeholders of valuable nmterials. From the very first 
ever, my Lords of the Committee of Council turned a deaf 
any such suggestion. They were anxious, as they told us, 
Archit^^ctui*al Museum, as an important component part, of tl 
great collection, whose name is borrowed from the suburb 
whieh it has In^cri placed, but the whole administration of tli 
great and varied wllection was to be, like the French l<«_'publ 
one, indivisible and bureaucratic They were ready lo h< 
the Architectural Museum casts, and to decorate tho^* 
wilh a distinctive label of ownership, but in return we were 
surrender them on loan. Of this condition of tilings, ditiiciili 
was of course, with the most friendly intentions upon 
side, the inevitable result. The vital powers of the Instiiul 
its capacity of growth — were smitten with paralysis; 
could it even proeurc fresh specimens, when on the one *ide 
could not be sure whether those would be well reeei 
by our hosts ; and on the other, whether those hogtd mtgl 
not themselves be intending to take the same* ca^tft, 
the >iaving of our own private purse. The result w»« t 
while our individual casts continued, for many ycanu U> 
good duty as models for study at South Kensiugtozi, th/cj 
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ao not as a valuable and distinct constituent contributed hy 
priTate enti^rprise, but as scattered fraj,^ment^ of tbe general 
amalgamation of noticeable objects. Tlie hearts of its real 
proprietors were cbilled towards the collection in itself, while 
with a genuine anxiety to do justice to tliiur faTourite study, 
and to those whose contributions they were inyiting, thej vir- 
tually resolved the museum^ while stul retaining its now some- 
what incTjngnious appellation, into a committee for providing 
popular lectTires at South Kensington on architectural subjects, 
and for stimulating the zeal of art-workmen by annual prizes. 
The lectures, nmny of them by persons of considerable eminence, 
[Were very miscellaneous in subject and tre|itment» and the 
Isudienct* comprised members of most diverse social classes. 
rAcci>rdingly tliey did much unsystematic good* in cultivating 
art-feeling, alike among the oiniy and the working members of 
. the commimity. The prizes, also, which ranged over everj des- 
cription of art- workmanship, have, upon the whole, decidedly 
poded to raise the workman standard, and to consolidate per- 
onal intercourse between employer and employed, though more 
ban once the particular result of the year s competition has been 
a disappointment. Such has been the so-named Architectural 
Museum, in the days of its intimate connection with South 
ensington. Tliat connection is now t4> be severed, as far as 
be collection goes, and the society has for itself secured an ad- 
' Tantageous site whereon to build its own obode, close to West- 
minster Abbey* The lectures and prize jiving may or may not 
be still continued at Sunth Kensington, supposing the body to 
mainlain its independent constitution ; but for all practical 
purposes I believe timt the Architectural Museum might advan- 
tageously abdicate a sepanite existence, if only some more 
f powerful institution could be found willing to undertake the 
^rioua duties which it luis hitherto discharged. It is. I sup- 
pose, no secret in this Institute that a conferentv necessarily in- 
formal, was hekl during the late session between members of 
our Council and representatives of the Museum, to con- 
cider whether the InMtitute could nt)t so tar expand its 
organij$atioQ as to cover the ground from which the Museum 
Liight then gracefully retire. This conference did not 
tteet with the intention of coming to any definite resolu- 
aon ; and it thert»fore deliberated with freedom, and brf»ke 
Ilip, I believe I may say, with the general idea that there was 
Uothing impossible about the project — provided only that due 
re were taken not to hamper either the general funds 
or the chartered functions of the Institute by new and 
roluntary responsibilities. It would be elt'arly to our own 
Tedit and dignity, and to the advantage of architecture, if we 
rere the posst^ssors of a museiiiu of architectural specimens, 
rhethcr under this roof or in other convenient premises. All 
[it would be needed would be some moderate distinct income 
from subscripticin or e ado win eat sufficient to make it reasonably 
probable that no calls would be made upon our statutable 
renue. We should, I am sure, be all of us glad to b^ the 
gers of some scries of lc*ctures of a more pojjular character, 
I appealing to a more miscellaneous audience than our formal 
©Olir»e of annual papers, provided only thoae lectures did not 
starve or hamper the papers ; and I think we shouhl none of us 
efuae the trouble of adjudicating prices for those art-workmen 
n whose proficiency we are so dependent for the satisfactory 
Itflectofour works, if only the donors of those rewards put it 
'n our power to distribute them according to regulations 
Dade in concert with our Council. Why then not fairly 
ee whether the time has not conie for a popular develop- 
nent in these three directions ? Each would have to rely for 
he sinews of war upon its own separate accoimt ; of which the 
ecture antl the prize a ceo tints, at all events, need not be very 
irge. and that tor the collection might, to a considerable extent, 
le self- supplying, through a system of moderate fees. Each 
light be worked by a separate committee, on which a certain 
number of our honorary fellows and honorary members might 
^-^ invited to act, so as to give that portion of our body some 
are of adminiHtrative work, 'without tnmching on the provi- 
sion of our Charter which leaves the government of the Insti- 
Itutc itself in the hands of its nrofessitjnal members. When I add 
that among the governing bcHjy of the Architectural Museum are 
found many of those whom we moi^t honour and respect iu this 
hK>m, 1 have said enough to show how easily f he change might 
be made, Tlie Architectural Museum wuulil, I believe, gladly, 
Ujd wi f hout auy haggling, hand over its collection to the Institute, 



happy to terminate tta separate existenoo by so useful and bo 
honorable a euthanama. 

You will, I conclude, have noticed the programme of prizes for 
the forthcoming year which the council has propoaed, I beg 
briefly to direct your attention to two out of the lists of subjects. 
The first is the prize which we offer for the best design for a Gothic 
theatre. The affection which I bear for Gothic is a secret to no 
one, and I should be sorry to deny it, for I have striven not to let 
it interfere with the duty of equal administrative justice towards 
the Vtide world of architecture, irrespective of scnool and style. 
I may accordingly, without risk of being mif*imder stood, saj 
that I shall look upon the res]:>onses which tliis proposal may 
elicit wiik peculiar interest, in the first place, I regard it afl 
the assertion of the sufficiency (I do not say superiority, but 
sufficiency) of Gothic for any constructive need, secular as well 
as spiritual, recollecting, as we do, that men did not only pray 
but also did work, think, govern, and play, hi.\m the eighth to 
the seventet^nth century. But in the second plaix; — here speak- 
ing an individual opinion — I look upon the peculiar adaptability 
of Gothic to the modern theatre as a point which our modern 
Gothic arcliitects have either overlooked or have not had the 
opportTinity of developing. Everyone knows the type of the 
Classical theatre ; a daylight place, with its receding rings of 
open blanches, its official allotment of seats, and in Greece, its 
connection with stated religious festivals. The modern mile de 
jfpf'vfai'h't on the contrary, when true to its own type, is a 
chimbcr to be used by artificial and not natural light ; m which 
the general community does not assemble at any stated times 
and in corporate array, but by person, or by family, when and 
as it likes. Now, then, what structure best responds to this 
demand out of the various forms in which the modem theatre 
has been cast? it is one in which the necessary tiers of boxes 
stick out. Uke trays from the wall, or that in every lower story 
legitimately throws up its shafts to Hup|>ort the one ttlx>ve ? No 
one who considers the question can hesitate to accent the 
latter, both for beauty of appearance and constructive eioellence. 
Now, then, where do we find the nearest example of such cur- 
vilinear mid-air galleries? Not in the theatre of Bacchus, or of 
Pompey, but — let no man charge me with irreverence, viewing, 
as lam, tlie question from a purely constructive standpomt— m 
the triforium which encircles the asp of some cathedral of the 
thirteenth or fo\)rte(^nth century 1 No doubt the shalYs will most 
often be of metal, but a met^l triforium is a development of 
which the idea may be more readily found in a stone tritbrium 
than in a semicircle of receding benches. For these reasons I 
venture, in the name of progress and eclecticism, to call on aU 
here present to aid in vindicating the theatre no less than the 
churcli as a legitimate ol>ject for Gothic treatment ; at the same 
time I conjure the competitors to consider seriously how they 
may reduce the risk of lire. 

Another of our priie subjects was suggested by the proxim- 
ate meeting, of which I shall hove something to aay further on, 
of the ArcLaslogical Institute in London* It is the restoration 
of old iSt. Paul s Cathedrah The materials for the competition 
will, as all our students are I trust aware, be found in the vigour- 
ous engravings with which Hollar illustrated Dugdale's History 
of that cathedral. In (hem eDongh is given to provide the key 
tc» every portion of the church, as it existed in the days of 
Charles I. and the Commonwealth, but no one feature is depicted 
with an attempt at what we recognise as architectural accuracy, 
while the structure itself that is exhibited is St. Paul's after 
generations of neglect, and the destructive restoration perpetrated 
by Inigo Jones. Enough, therefore, exists to give sure guiding^ 
and nut enough to r«*dnce the work t>f the sagacious and erucUte 
stutlent to the servile labour of a simple copyist and compiler. 
It would be I am certain, a great satistaction to the Institute?, if 
any set of designs were sufficiently good to justify it in advising 
tht'ir author to publish the series, and thus bnng back to the 
minds of our generation the details of a minster, which, as I 
believe, from its noble length, the solenm Norman oi' its nave, 
the developed and rich Gothic of its choir, and the majesty of 
proportion which the English system of a square east-end was 
carried out muat have been more like Ely Cathedral than any 
other of our known great churches. 

The recollection of ohl St. Paur« naturally leads to the general 
question of the conservation of ancient moniuuents, which we 
Have widely and boldly claimed as a portion cf our stated mission 
by the appointmeut of a committee specially charged with this 

S9 
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department. The case in wHick iti exertions have eome most 
pTomincDtlj before the public dttring the past year has un- 
fortuntttoly not been one on which wo can report a very success- 
ful UHiia. I mean the protest which, in comtnon with other 
aocieties, we addressed to the authorities of Lincoln Cathedral 
Mainst the deplorable scraping of their noble minster. Out of 
tfis pr«3te!*t, not from our tault« nor from the fault of those with 
whowe judgment we coincide, haw arisen an acrimonious personal 
controversy. I, therefore, refrain from ent^erinir further into the 
details of the caJaraity, But, without trespaiising on the danger- 
oui ground, I thinK we may profitably draw from it some 

feneral lessons of an encounigiuf( character. Granted that 
lincoln Cathedral has been spoilt, it is at all events some con- 
solation to observe that so many sections of people have so 
intelligently obaervedr and so strongly protested against, the 
precise manner of its spoiling. No btate -re stored public build- 
m^ on the continent woidd have been so defaced dv authority 
with the reclamation of more than a few uninfluential opposition 
archajologist'*. Thirty years since in England itself an outburst 
of indiscriminate 8crapmg would have been accepted by clergy 
and commonalty and antiquarians alike, as a proceeding stamped 
by unqueationaole good tast^* and reverence for antiquity. I am 
well aware that since the era of restoration set in» a suspicioua 
and not always quite amicable feebng has some times been 
manifested between the arehroologists and the restorationist 
sciiool of architects. Tlu* archaeologists lot:>ked upon the archi- 
tects as somewhat destructive, and the architects treated the 
archa?ologists as rather obstructive. Happily the antagonism ia 
now at an end, or I shoidd not have alluaed to it. There was, I 
fully believe, some room for either suspicion. Archseologiats 
were at one time impracticable and architetHs reckless, liunian 
nature woidd not nave answered to its own identity had not 
these phenoruena been observable. The formal rcceg^nition of 
the pacification came from the side which was origmally the 
alannist one— that of the archaeologists, and it, therefore, e^mries 
with itself the elements of stability. The site was in the church- 
yard of Sherborne Minster, and the speaker was Professor 
Willis, at the Dorchester meeting of the Archaeological Institute, 
in the sumnu'r of 18fio. It is not an uninslructive illustration of 
this declaration that those who have most loudly protested 
a^nst the Lincoln restoration have been leaders of the restora- 
iionists' party. In other places our intervention has been 
efficacious. The stone choir screen of Christchurch Priory, 
HampsliLre, necessary as it is to the impressive and nearly 
unique choir of that tine church, has been saved, for whi(»ii, in 
the tirst place, we owe our thanks to Mr. Ferrey, The church 
of St. John, Leeds, very noticeable as being in its structure a 
grandiose and picturesque example of the revived Gothic of the 
seventeenth century, and in its woodwork one of that English 
continuation of Cinque-Cento, which is xisually known as 
Jacobean, has also bc»en rescuid from the destroyer, and will, I 
am sure, in the hands of Mr. Xormau Shaw, present a true 
example of conservative restoration. 

Another question, involving as it has done a matter of pro- 
fessional practice, as well as of the preservation of a very 
valuable ancient monument, has been taken in hiind by the 
council. I mtan tli*^ treatment by the Corporation of Bristol of 
the prize designs by Jlessrs. G<xlwin and Crisp for the new 
Assi?5e Courts of Bristol, and for the preservation within tliem of 
the medieval house known as Colston's. I believe that the best 
preservative against the repetition of such scandals as have dis- 
credited that and other competitions is that more general 
acqoaintance on the part of the public with the principles of the 
arcliitectural profession whieh I have already had occasion to 
advocate. St* long as the arrogaJice or greed of the patrons of 
uny competit ion finds it self sup ported by the uninatrueti^d public 
opmion of persons wlio have* never yet really Irarned to treat 
architects as gentlemen or men of sense, so long will the scandal 
continue*. Lft the world give the architect his true status, and 
then he will find himself the master of public opinion, not its 
enemy. Migbi it not be worth our while to pubbsh some paper 
bearing the oflieial mark of the Institute, short enough for tlio 
general newspupers to ^ive it insertion, and clear enouj^b for 
everyone to understand, m wliich we lay down certain general 
TuJes of competition, outside of which no architect can t'ompete 
without losing caste, and no patrons institute a competition, 
and be able then to say that tbcy had acted with laimess 
and generosity ? 



But I turn to a more agreable topic, and I invit* you to 
cord your gratification at the commencement of a work 
restoration which, alike for the beauty and value of the struci 
itself, and for the national character of the enterprise, dcsci 
especial commemoration. You will anticipate tlrnt I am s[ 
ing of the Chapter-hom^e at Westminster, and will not requ 
any description or encomium of the building. The che( 
unanimity with wbich the House of Commons nH?ognised 
responsibiUty towards the chamber, in which for more than hj 
the existence of that august assembly, it had been wont 
gather, must be noticed as an eminent ejuimplc of that wue love 
for antiquity to which the English people hold fast. To Dean 
Trench, who originated, and Dean Stanley, who carried on the 
movement, must be accorded the tribute of our hearty tiiai ' 
for their substantial good services. It was pleasant to obsei 
that when once the squalid fittings intruded into the last cent 
for the use of the public records had been removpd, and 
vestiges of the Clmptcr-bouse stood out again revealed, so mni 
of the old work should have been fomid to be either still ex.i»( * 
or traceable from sufficient in di cut ions. Mutilated as t] 
chamber was, it proved to be essentially the Chapter-house 
Westminster, and not any modem trespasser run up within ^ 
walls. Accordingly the restoration is a matter of plain and 
architectural induction, while no doubt Mr. Scott will exercise 
tender and conservative caution in liis retention of the vi 
stones and carvings of the thirteentli century, where the votaxii 
of the French school of clean and perfect sharpness would ha' 
ruthlessly substituied that which we shoidd have been compels 
to accept as modern fac-similes of originals smashed up m ' 
mason's yard. It is interesting to recollect that the Ciiapl 
house was cleared out just in time to enable its appirjprial 
house-warming to take place, in the meeting tliere ot ib» 
Archaeological Institute to liaten to the lectures of the Dean rf 
Westminster, and of Mr. Scott, upon the Abbey, I vent 
last year to forecast the London Congress of the Arvin 
Institute as one of the matters which ought to interest < 
in the course of the coming session. I am now rejoiced 
not only that the congress showed itself to be a most 
incentive to the philosophical study of architectural arch) 
but that it afforded the occasion for an extremely 
fraternization between our own body and the Royal Aicl 
eal Institute — two societies with so much in eonmiou 
close alliance between them was plainly a thing to h^ 
anil effected. 

I must not close without repeating the regret which we hav© 
already expressed at the sad and sudden death of our Tci 
distinguished honorary member, Dr, Whewoll, late master 
Trinity' College, Cambridge. His is the only loss Inst vtarof 
verv eminent man within our own bodv, while I i liai 

hadf to mourn the decease Iwth of Sir Charle w' and 

Mr, Uibson, The Pugin travelling studentship^ Lutcnded to 
maintain, in memory of the great man whose name it bears, the 
study of mediaeval architecture, is now, I am glad to aay. firmly 
rooted. It has been twice adjudicated. The first time only 
claimant appeared, and so Mr. Tavenor Perry won it without 
contest, wbde bv tiie paper which he produced as its fruit, * 
has shown himself foil worthy of the distinction. This y€*r 
had several competitors, with siu'h a gwul array of well-foundi 
ckims as to make the adjudication a question of substantive con- 
sideration. 

I have mentioned some nrominent qriestions afiecting our 
pursuits, which came before Parliament during the last se^sioii. 
Other matters also engaged its attention in which we are ni( 
or lesH interested ; among them the improv**?ment of the dw( 
ings of the labouring classes stands first. The wholesale dem^ 
tiouH pt-qjetratcd by difierent railways in London and 
towns was the main cause which led the legislature to t 
its utttMition to the subject. Let us trust that it will be one upon 
which the eyes both ot the upper and the middle public a na <rf 
tlie Government will be ceaselessly direct^^d, for it is one in 
as a nation, we have as yet faded in our duty, both to our ^ 
creatures and to ourselves — to our fellow creatures as li 
matter of humanity, to ourselves as it is one oi' general h 
1 have also to notice the cart^ taken for the pr 
integrity of the pubhc parks and open spaces ii. 
metropolis, noticeably shown as well in a gent'ral imi a^ 
resistance made to the erection of gasworks tu da; 
projmnity to Victoria Park. What remains of Bpptng Ft 
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also to pass into tlie category of piiblit* parka, from being tmns- 
ferred from the Office of \Vix>ds and Fortes t« which only repfarda 
the finandal Tahie of its tm^ts^ to tiiat of Public Worksi, wlii(^h 
dealB with them for the general recreaticm and the decorative im- 
> provoiiH'nt of til e ground. 

At last the aaministration of the Ei\*er Thames ha» been 

J 'reformed, whether edicicntly time will show, and also, I 

hope, n»etify any improvetl ollii'iency. Boneticial as this 

rewrm is to the world at lar^e, it carries with itself a special 

titage to architecture, as it will n^nder possible the vast 

fm of mctropohtaii improvements wliich turns iipou the quay- 

j of the river, about wliieh we have all no doubt thought so 

mueh, and will have no doubi still to think a ly^reat deal more. Let 

me in pasKin;? congratulate the Metropolitan Board of Works on 

having laid the drst stone of the Southern embankment. One 

bill received the lioyal assent, to which 1 should desire to call 

particniar attention, as the first step towards the loiifif-ealled- 

foT openinf* between Wliittdial! and the Palace and Abbey of 

r Westminster. This act only deaLn with the one wedge -hko 

block, in front of the new Foreign and India Offices, whose apex 

is the Irish Office, but in this ease the proverb about the point 

of the wedffe will. I trust, receive its literal as well as its meta^ 

pplioneal interjiretation. I refrain from recapitulating single 

KoaOdings and monuments, however noteworthy, in various 

es of progress ; but the grandiose rebuilding of an entire 

er of the town by the Marcjuia of Westminnter deserves 

lispecial commemoration. I gave reasons last year why 1 re* 

garded our architectural future with hopefulness; to these 

hTeasons I am able to pledge my continued and increased eon- 

rfidence. True to ourselves let us only be, and no soltiahaess, or 

fBtingineus, or ignorance displayed by the world, which is so 

largely our debtor, can check the architeciure of Great Britain 

"*^ '^"i onward course of great and rapid improvement. 



Mr. M. DiGBT WtATT eipreBsed the great pleasure wbich he and 

all present roust have derived from tho President'* admirable address, 

developing the ft*aturc8 of tho architectural movement going on around 

them. It was in the confluence of a multitude of diflcrunt ciroumstancea 

tending towards the general puriication of taste in this country, that 

tile professors and practisers of architecituro might look forward with 

most confidence for the improvement of tho art to which they were 

attachttd. On the part of some from congenital individuality^ on the 

part of othere from religious infiuences, ami again on the part of a third 

aectioD of dtvotet^ from dilettante or archajological promptings, there was 

an active, comhined, and harmonious movement towarda the general 

^_. advance of art now going on in this <:ouQtry of the most auspicious 

^■«haracter; and it was dctightfuL to sp« hy bow many simultani^oiia im- 

^Kpulacs or rffurts all these elements were eonduoing to the commoa end 

^Fvbioh they all bad at heart. 

^^ Mr James Fe»ousson% V.P,, thought the President had dealt with the 
main Buhjects of interest of the day in a masterly manner, and that 
architectural art was attracting attentton, not only amongst architects, 
but throujthout tho nation at large. People were no longer content with 
aburehbs or dwelling houses of plain walla, pierced with holea. hUt orna- 
mentul art was demanded everywhere. They wanted men to think, men 
to appreciate, and men to demand, and when that combination took place 
pfTOgress was inevitable. With progress wo would very soon be indepen- 
dent of Gothic, Greek, or any other style of art : the public seeing and 
learning to appreciate what was good would demand it and no longer be 
ooDteot with mere copiea of extinct styles. Ho had do doubt the next 
ten yeara would witness such progress in architecture as would make it 
worthy of the nation and of the world. lo that sense be felt grateful to 
the Prcaidcot for the able essay he had favoured them with. 

Mr. Gbomob GonwiBTi F.R,S.^ was bappy to rcecfao one of the prac- 
tical points which arose &om the Preei dent's admirable address* It 
was with reference to the coming competition for the designs of great 
pablio buildings in London. He looked with tbe greatest anxiety as to 
the nature of ibe Cummittee which bad to decide upon those designs. 
It was a most important point. Parliament would not meet before those 
designs were sent in; whether it would meet before the adjudication 
upon them took place he could not say. Therefore efforU throu!g;h other 
channels ought to be made to obtain a proper oonrt of adjudication. It 
was nonsense to expect three or four anuiteurs — whether noblemen, 
honourabhs, or simple membera of Parliament — to judge of the men La 
of such designs as those which were going in. Such^ of course, could 
only produce dis^tisfactton, and it was to be feared bad results for tho 
country. Thoy had hut to look at tho constitution of juries on such 
matters in Franco. A certain number of Hterary men, a certain numtwr 
of painters and sculptors, two or three men of intelligence representing 
the public, and a certain number of architects formed the jury. There 
was seldom any question as to tho decisions of those juries; and with 
that fact before them| coupled with the further fact that almost every 



adjudication on public art* works here did disappoint tho public, it should 
lead the ruling powers to appoint a proper jury in which the oountrj^l 
would bnvo confidence, Me was therefarc anxious that some couiwil 
should be taken to appeal to Mr. Cowper. He believed Mr. Cowperl 
was still a member of the Committee of adjudication, wbich was oom^ 
posed of a certain number of gentlem^'O for whom he had the highest 
respect, but to commit to them the final decision upon the plana for the 
National Gallery and the new Palace of Justice, could only ensure a 
failure. Therefore he thought some memorial should be addressed to 
the right quarter, asking for a proper jury to adjudicate upon thil 
matter. On this suhjeol he hoped he expressed the opinion of the meni^ . 
hers generally. Haifa doaen other subjects of interest were embraced J 
in the President's addreas: amongst others that of tho Architectural 
Museum. That institution was parting from the Government; he 
regretted it, but supposed that it could not be avoided : they must not, 
however, part from the Architectural Museum. If the Government 
would not maintain it, the architects, the art-lovers, and the art- workmen 
of the country must do so. There was now an opportunity to put up a 
suitable building, and they must endeavour to find the money for it, 
and ho favoured the Dotion hinted at of bringing this Institute to take 
chnrpe of it. 

A vote of thanks to the Prcaidcnt having been passed hy acclamation. 
The President said ho had received the greateat and highest reward 1 
that an\ author could do iu feeling that what he had said had been 
acoeptable to those whose good will and respect were so dear and 
precious to him. With rei^ard to what had fallen from Mr. Godwin, he 
heartily echoid all whieh that gentleman had said as to the necessity for 
Q proper tribunal to adjudicate upon tho two forthcoming competitions. 
He would try to explain how tho matter stood. He was afraid, unless 
some alteration were made by the present Government, those six selected 
names must be the stereotyped judges of the competition for the New 
Law Courts, as their appointment was part of a parliamentary arrange- 
ment. No judges, he believed, had yet been named for the competition 
for the National Gallery, hut that the matter rested in tho hands of tho 
present First Commissioner of Works. Ho could assure them from 
what be knew of Lord John Manners, that the minister was fully alive 
to his responaihity, and that the most eameat and anxious care would be 
devoted by him in the selection of a proper tribunal of adjudication. At 
the same time Lord John Manners's hands would undoubtedly be , 
etrengthened by an expression of the feeling of this Institute such as hid 
been sutfResteQ by Mr. Godwin— not wordttd as doubting his lordahip'a 
goodwill and desire, hut as anxious to support him id appointing such a 
body of judges as would bo satisfactory to tho competitors and the 
public at large, and which would carry with it the earnest of a B;ood 
building for the purposes to which it was to be devoted. The judgea 
of the designs for the new Law Courts were nominated by Mr. Glad- 
atone, Mr. Cowper, and Lord Cranworth. The Law Courts were to be 
carried out by a special commisBion named in tho Act of Parliament* 

Mr. DiOBT Wtatt suggested the propriety, upon the designs being 
aent in, of the lay Judges ao nominated procuring immtdistely a profei- 
aional report upon them to assist the adjudicators in their labours. It 
was highly desirable that they should be put into poaeession of such 
information as an experienced architect could alone give them, not only 
before they should decide, but even, if possible, before they should com- 
mence their own examination of the drawings submitted. 



Metallurtfical Industry in Bei^um. — The iron works in the 
district of Charleroi have for this year realised handaome profits, 
in spite of a slight augmentation in the price of labour, as well 
Hi in fuel. Great progress has been made in the manufacture 
of pig iron. Last year's production may be estimated at about 
500,(XK3 tons, of which scarcely 10,000 tons were exported, whilst 
on the other hand 25»t30t3 tons were imported. Thas» the 
Belgian pig iron, which formerly served to supply the German 
and French iron works, is almodt entirely used up ta ita own 
country. It is not now sufficient even for home consumption ; 
and in general tbe trade has no cause to be dieiatisfied with the 
reduction of import duties, that aro now only 6 franoB per ton* 
All the Belgian pig iron is worked up in the country, ana it only 
goes out in the state of malleable iron. This is of considerable 
advantage for the blast furnaces, which in this manner are no 
longer tributaries to foreign markets. This indicates at the 
fame time an extraordinary progress in French trade. Belgiutn^ 
in 1865, exported 57,t300 tons less, and imported 120,(XK} tons 
more than in the preceding year. Free trade and the facilities 
of transport have given an impetus to the mineral districta of 
France. The situation of the mineral industry of the Charleroi 
district would lea?e nothing to be desired if the Jow price of coal 
was maintained ; but since the end of last year there has been a 
gradual rise» which begins to press heavily on manufacture. 
French markets for fuel are only obtainable with an augmenta- 
tion of 20 to 25 per cent, on those of last year. 
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THE DESIGN AND ARRANGEMENT OF RAILWAY 
STATIONS, REPAIRING SHOPS, ENGINE SHEDS, &c. 

By William Huhbbb, Assoc. Inst. C.E.* 

The rapid development of the railway systems in England 
and in other countries, has necessarily directed attention to the 
study of station arrangements ; but the diversity of interests to 
be considered, the changes involved by a constantly increasing 
traffic, and the new and unexpected demands that have been 
made for accommodation, have prevented, in this instance, that 
general exchange of idea which has attended the progress of 
other branches of engineering. Hence the subject was not 
regularly brought before the engineering profession imtil a com- 
paratively recent date : when, m 1858, a comprehensive Paper 
on railway stations was read at the Institution by Mr. R. Jacomb 
Hood, M. Inst. C.E.t So far as regarded terminal and inter- 
mediate stations, that paper touched upon most of the points of 
importance ; but to one class — the arrangement of which is 
perhaps the most difficult of any that the engineer can be called 
upon to undertake — no reference was made. At New-street, 
Birmingham, there is a description of station neither entirely 
terminal nor entirely intermeaiate, but which may be termed 
" terminal-intermediate," as being a combination ot both kinds. 
There is also another part of the subject requiring special notice, 
viz., that of goods ana locomotive stations, which Mr. Hood was 
compelled to leave untouched. It will be the main object of 
this paper to supply information upon these heads, by submitting 
the details of tnc principal metropolitan and otner railway 
stations, both terminal andf " terminal-intermediate." 

The classification adopted by Mr. Hood, viz., that of passenger 
stations ; goods yards, wharves, and dep6ts ; locomotive and 
carriage sheds ; manufactories and worksnops, will be adhered 
to. The latter classes will be illustrated by the goods station of 
the London terminus of the Great Northern Railway, the 
Battersea workshops of the London, Chatham, and Dover Rail- 
way, and the carnage and wagon factory of Messrs. Brown, 
Marshall, and Co., at Birmingham. 

The leading principles to be observed in general, are — prox- 
imity to the town, or most popular part of the neighbourliood 
which the stations are to serve ; facility of access ; and available 
space for present and future requirements. Each of these is 
capable of oeing further subdivided. 

with regard to the first two requirements, it is desirable that 
terminal stations should be as near as possible to the p*eat 
central avenues of traffic, without being actually in them ; tor in 
the latter case, the traffic of the thoroughfare and that of the 
railway would become intermixed, and thereby impeded. For 
stations generally, a site should be selected where the surface of 
the ground is near to the level of the platforms, and if this bo 
not practicable, inclines should be formed, and a sufficient space 
excavated or embanked, in order to carry on the works on a level 
with the platform. All steps, gangway ladders, Ac, should bo 
dispensed with; the use of them is only justifiable where no 
other plan can be adopted. Beyond the station, however, a 
variation of the surface will be an advantage, by enabling level 
crossings in the streets and roads to be avoided. The jwj^sible 
contingency of having to extend the line, or to enlarge the 
station, should also be provided for, by a careful inspection of 
the surrounding and contiguous ground, and by laying out the 
first plans in such a manner as to admit of this enlargement, 
without involving the destruction of any permanent building, or 
the disarrangement of the existing accommodation. Upon the 
observance of these conditions will greatly depend the power of 
limiting the expenditure of money, and of abbreviating the time 
required to carry out improvemcLts. 

Terminal passenger stations are usually arranged under one of 
three systems — that in which the booking-offices are placed on 
the departure side ; that in which their situation is at the ends 
of the lines of rail, and transverse to them ; and that in which 
the lines of rail diverge into a fork, having the oflices between. 
Examples of these systems are to be seen at the Victoria Station, 
Pimlico, and at the Euston Terminus of the London and North 
Western. The A'ictoria Station may be regarded as illustrating 
two principles, that part of it occupied by the London, Chatham, 
and Dover Company having the booking-offices on the departure 
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side, and that belonging to the London, Brighton, and South 
Coast having them at the end of it, and at right angles to the 
rails. There can be no doubt that the first plan aflbrds, in the 
words of Mr. Hood, " facilities for giving the greatest length of 
setting down pavement," and is useful for a system of traffic in 
which the trains are very extensive, and arrive and depart at 
distant intervals. But though a large amount of platform 
accommodation is of importance, it is a Question whether the 
length of the arrival platform should exceea that of the longest 
train. A departure platform, so proportioned, has the recom- 
mendation ot readily admitting a second train behind the one 
about to start ; yet, without great attention, the attempt to book 
for two trains at the same time will lead to confusion. Some- 
times the platform is arranged in steps, with a view to assign a 
distinct line of rails for each train, but by this plan some of the 
trains become inconveniently distant from the booking-offices, 
and the portion of the line between the head of the last train and 
the departure end of the shed is comparatively useless. Where 
the traffic is of a mixed character, involving the despatch of 
trains to different parts in quick succession, the secona system 
is no doubt the best ; and is, indeed, perfectly fitted for any 
traffic, if the shed be capable of containing the longest train which 
the traffic will require. This system also secures a great width 
of frontage, and allows of the booking-offices being distinct, and 
opposite their several platforms. It is possible, however, that 
at terminal stations in large towns, a comoination of the parallel 
and transverse systems might be employed with advantage. The 
third principal is illustrated by the Euston Terminus. The 
ample area of the great hall, with the booking-offices on each 
side, is conducive to the comfort of the passengers ; but the plan 
of placing the departure platforms on either side, and starting 
the trains from both, s(»ems o|H*n to the objection of causing con- 
fusion. The London Bridge Station of the 8outh Eastern Rail- 
way, before the extension of the line to Charing Cross, may be 
cited as an instance of how an immense traffic can be worked in 
an inconvenient and a restricted space, by a combination, to a 
certain extent, of the three systems. Ac(H)mmodation was thus 
provided for the South Kastem main line, and the North Kent, 
Mid Kent and Greenwich lines. Nowhere were so many trains 
despatched in the same time as from this station ; and it is 
douotful whether, except by the plan which was adopted, such 
an extensive and complicated traffic could have been conducted. 
It is not, however, intended to adduce this station as a pattern 
of arrangement, for its history is that of a gradual adaptation to 
successive requirements. 

The through, local, and excursion traffic should each be 
distinct, so that a passenger, on entering the station, may at once 
see where to obtain his ticket and find his train. Every facility 
should be afforded for receiving, lalwlling, and despatching 
luggage. Too much attention can hardly be paid to this 
detail and also to the situation of the left luggage and cloak 
rooms. Those at the Paddington Station of the Great Western 
Railway are very convenient. Waiting and refreshment rooms 
should be of ample size, and readily accessible. It is well to 
separate the in and the out parcels offices from the general 
traffic ; and this can mostly be done by placing them at the end 
of the platform furthest from the passenger and carriage 
entrances, as at King's Cross and at Paddington. The lamp 
rooms should serve both for the arrival and the departure 
trains, as at the Great Western at Paddington, where their 
position is below the platforms and lines, the lamps being raised 
and lowered by hydraulic lifts. 

In the urinals, &c., for passengers, slate has been generally 
used, but it does not appear to be so well adapted for cleanlinesi 
as white enamelled slabs or glazi>d tiles. Both closets and 
urinals should be arranged to perform the maximum of duty 
with the minimum waste of water. The small glazed basins 
require less than half the quantity of water needed in the slate 
arrangement, besides being always free from bad odour. At 
the Knottingly Station, where the two plans are in use, Ae 
8up<»riority of the former is obvious. Closets should Hush on 
opening and shutting the door, and the walls should be lined 
with a material not easily defaced. Lavatories for the use of 
first and second class passengers might, at both terminal and 
junction stations, advantageously be provided, and would, no 
doubt, be largely used, even if a small char^ were made. The 
platforms for passengers should be spacious. For thrcragh 
traffic, at terminal and junction stations, the width sbould not 
be less than 30 feet. For local trains, docks may be taken cat 
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of the ertreme end of those platforms, as at King's Cross, 
leaTiug the wider part of the pjatfonn for the long trains. In 
order that the passenger* may enter and leave the carriages 
easLl? and safely, it is essential that the platfonns he level with 
the floors of the earriages, ur certainly not below the upper st<»p ; 
many aecidents have arisen, and the passengers in their ingress 
and egress are much impeded, by the negleet of this precaution. 
The stations of the Metropolitan Railway aflbrd goott examples 
of arrangement in this respect. Tum-tahles should not be 
placed on the main line, or where engines or trains pass over 
them when not in use, as the ends of the rails and the rolling 
stock are injured by the eonstant hammering of the wheels. 
The use of traverscrSt especially when light and easily worked, 
cannot fail to conduce to eeonomy. 

At terminal, terminal-interraeifiate, and large junction stations, 
where there is space available* the greater portion may be roofed 
in, as that part not required for the trafhe will be found useful 
AS stAnding roorn for empty earriages. If it be not possible or 
expedient to construct the roof in one span, the intermediate 
suoports should be placed in the centre of a wide platform, in 
oroer to bo free trom the danger of collision, in the evt-nt of an 
engine or carriage getting off the rails. An accident of this 
description occurred a iv\K years since, at the Erickhiyers' Arms 
Station, where the rcM>f was, in consequence, to a largv extent 
destroyed. The height of a station roof is of far more im- 
portance thmi lias hitherto been suppo^i'd; when it is very low, 
DO eojitrivance can secure a proper amount of ventilation. The 
Ifeneral impression, that a building roofed mth iron and glass 
must be exceedingly hot during the summer months, has pro- 
bably arisen chieily from the insuflicient height which is some- 
times given to such structures. Gas, throughout all stations, is 
preferable to any other means of lighting ; and there are few 
places where it cannot be employed with eeomiuiy. At r<:>ad* 
side stations, or where there art* no works m the neighbourhood 
whence a supply can W obtained, the cheap and simple apparatus 
manufactured by Hilessrs. Porter and Co,, of Lincoln, niay bo 
advantageously u.^ed. At all terminal and terminabintermediate 
stations, there should be a siding under cover for engines in 
steam, and every facility should bo provided for cokmg and 
watering. 

Terminabintemicdiate and junction stations should have plat- 
forms, for through passenger tralfic, on both sides of the main 
line, to avoid the confusion which results from having them on 
one aide only, as at Taunton, Eeading, and Perth, At the 
latter place, although it is a junction station for the Inverness, 
the Perth and Dundee, the i^orth British, the Scottish Central, 
And the Scottish Korth Eastern Eailways, the whole of the 
tra£Bc of thirtv-two trains per day» eachwayt is worked upon 
one- through line, ca^using a great amount of inconvenience, 
which might have lieen avoided by placing the station upiUi one 
of the nmds, instead of midway betweeo them as it now stands. 
There are, however, two docks, one at each end of the platform, 
for those trains which commence and tinish their journey at 
that station. The utility of this arrangement, as enalibng 
passengers by local trains to abght on the plattnrm for throTigh 
trathc, and vice mr^d, lias bet^n already pointed out* It \y\\l 
prove a ffreat accommodation also at these stations to have two 
through lines in the centre, and sorting sidings for the mineral 
and grxxls tratlic. At all stations tliese two latter departments 
should, if possible, he distinct. 

At roackide or intermedial© stations, the beat site for the 
boiiking-otlices i.s of course on that side of the raUway whence 
the greatest amount of tratlic may be e\]>ected. If the station, 
however, be at a jwint where the line runs in a deep cutting, it 
is then judicious l<> place the ofBecs over the line, which may be 
done b^ 'wHdening the nmd-bridge. The platforms are most 
oonvenn^ntly arranged when the lower end of the one sening the 
up line is opposite the upper end of that for the down line. No 
platform should be shorter than the longest train ; nor should 
it terminate abruptly, but with a slope. At these stations the 
company will find it tlieir interest to provide a residence for the 
clerk in charge; he wdl be near at hand in case of emergency, 
and hia remaining on the premises wiH aifbrd greater security to 
property. 

Tlie next part of the subject to be considered is tlvat of goods 
yards, wharves, and depois. A terminal goods station may 
either bo attached to and form part of the passenger-station, 
though distinct from it, or it may be placed at a^iistimce, and 
eocloaed within its own fencing. It is unportaiit to take advan- 



tage of water carriage, and to locate the station where the easieifc 
access may be obtained. Ample space for vans and wagom 
should be provided in the yards and sheds, and also at tJie 
entrance gates and in the roatlway, to prevent crowding, and to 
diminish the risk of accident. The platforms for arrival and for 
departure should be distinct, and of ample ^idth, with an 
abundance of hydraulic crane power, to facilitate the loading, 
ludoading, and sorting of goods ; whilst the clerk's otiice should 
be so arranged as to allow of easy supervision. The hues and 
tiim-tables should be so disposetl, that the trains may be made 
up with facility and economy, and that the necessity for shunt- 
ing with engines may be avoided as much as possible. In some 
small terminal stations, and at road-side stations, it is found 
convenient, and conducive to a saving of cost and of time in 
working, to place the goi>ds sheds close to the station, so as to 
enable the station-master to have ready access to this part of the 
tralhe. In all canes the shed should be parallel to the line, that 
trains may be shunted into it, and the use of turn tables be 
avoided. The goods sheds, and the various buildings connected 
with them, should be arranged to lock up when not used ; by 
this means the expense of a watchman is rendered lumecessary, 
and safety from pilfering is greatly increased. This plan is 
adopted with excellent results on the k>outh Devon and Cornwall 
Eailwaya, The other requirements of goods stations will receive 
more detailed notice in the description of the plans which liave 
been selected as illustrations of the subject. 

The development of the rflilway system has neccsmtated thai 
all important lines should be provided with three classes of 
eslabiishments— for manufactuiing, for maintaining, and for 
storing the rolbng stock, at one or more points, ^t the first, 
the locomotive and carriage shops, all the construction and 
renewal of plant h performed ; in the second, the running shops, 
small repairs, such as are retpiired by daily wear and tear, are 
carried out ; and the third, or engine and carriage shedi?, are for 
receiving the rolling stock when not io use. Great care and 
forethought are required in tlie selection of suitable situatiooa 
for these oflices ; for if any error be committed, a constant, in- 
creasing, and unproductive expenditure is certain to be inciUTed, 
The most eligiljle locality for the locomotive and carriage shops 
is where labour and materials can Ijc most cheaply and readily 
procured. Considerable study should also he bestowed upon 
their arrangement, so as tv» allow of the economic applieatiun of 
hiljour in the conversion of the mnteriaL It is obviuusly a great 
evil so to design them, as to necessitate unrenmnerative band^ 
ling and sbitling, Tlie raw material should enter at one end of 
the shop, and jmss on through its successive stages and pro^ 
cesses, till it comes out complete at the other end. It is 
advisable, in all cases, for the District Superintendent of the 
locomotive and rolling stock to reside near the worki, and to 
have them constantly under his supervision. Carriage running 
and repairing shops, when as close to the tenidnal stations as 
possible, arc in the best position for avoiding waste of time, and 
wear and tear of stock. The disadvantage of placing them at a 
distance is exeniplitied by the Waterloo Station of the London 
and fc^outh Westeni Hailway. The trains are made up at the 
terminus, where there is a small amoimt of standing-room, wliile 
the carriage sheds are at the Falcon Junction ; in consequence 
of which nearly all the smre carriages have to be taken four 
miles, when emptied, and to be brought back again when re- 
quired for service ; and it is calculated that engines and empty 
carriages nm in this way several hundn»d miles per week. 

Engine and running sheds appear to be of three descriptions 
— rectangular, circular, and radml or fau-shapcd. The circular 
shed is used by the Midland Kail way Company, and the 
rectangular and radial by the (Trent JVorfhem. The objections 
urged against the last art* the length of line and the extent of 
grutmd occupied; but this is in a great degree obviated by 
placing the running shed in the centre, in front of the repairing 
shed, thus utilising what, without the ininning shed, would be ft 
waste of space. Another objection is, that all the engines must 
pass over one pair of points ; but this is not so serious as that of 
the single turn-table m the centre of the circular shed. In both 
cases, to guard against delay from accident, a few engines in 
Bteam shoidd always be kept in covered sidings at the station. 
The accommodation afforded by the rectangular building in the 
centre of the fan is equal to that of the circular, though the area 
covered by the latter is nearly one-third more. There h no 
doubt, however, that the rectangular system requires a greater 
extent of permanent way ; but this is partly compensated by 
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the lesi costly nature of tlie building. The semicircular shed, 
on the fan-shftpcd system, can rasily be eomparcd with the 
others ; tho only superiority it possoHses over the circular is, 
that of lifl ving but a portion of the radius covered. On the other 
handp it involves a great length of extra rond from the turn-tJible 
when one is used» as at Battersea, and should that get out of order, 
all the engines must remain iti the slu^d uutit the defect be 
remedied. An engine shed should be lofty, well ventiJatcd and 
lighted, and snfliciently fipaeious to allow the men to pass 
readdy between the engines and the walls. Engine pits, pro- 
perly paved, by the aide of each lino of rails in ibe slied* will 
aiibrd free access to the machinery under the boiler when clean- 
ing and repairi* are needed, The"^ best form for the bottom of 
the pits is convex ; and the drainage should bo ironi the sides, 
taking care so to construct the drains, that if any one pit should 
become choked, the working of those in any other would not be 
interrupted. For dropping and clefliiing tfie fires, similar pits 
ihould be provided out.^ide the shed, where the dirtier and 
rougher work can be perfonntHh Plenty of water, with a good 
pressure, and accessible at suitable places by means of hydrants 
and stand-pipes, should be supplied, together with hose and 
conveniences for cleaning and washing the boilers. Lifting- 
shears, or overhead traversers, wiili powerfid tackle, will be 
found of great service in every ahed. By their aid an engine 
can be lift^^d and slung, so that the strain is distributed equally ; 
the J are theretbre preferable to jacks, which concentrate tne 
aCram immediately over one point. The new shops at Nine 
Elms, of the Lonrlon and South Western Railway, designed by 
Mr. Joseph Beattie {M. Inst. C.E.), and the engine sheds at 
the Bislioj)*H Road Station of the Metropolitan Radway, by Mr. 
Fowler (President Inst. O.E,), are supplied with traversers 
worked by steam power. These effect a great saving of space. 
The eniployiricnt of duphcnte traversers, working from each end, 
to present delay in the ease of a break-dowTi, will no doubt, 
ultimately be adopted. The eoke furnace should serve for thi' 
largest number of engines with as little movement of the lighted 
fuel as possible. The waste heat can be utilised for drying the 
sand to be used in the locomotive boxes, and for heating tho 
«hecU during the winter months. The coke platforms and the 
water cranes should bo close to the lines leading into, or out of 
the sheds, so as to he accessible without shunting; and the 
itores in general should be adjacent to the repairing and riin- 
mng sheds, and planned with a view to prevent an^ material 
being taken in or out, without jmssing uncler the notice of tho 
•torekeeper. 

The ditl'erent kinds of stations belonging to the railway 
«ystcm of this country, their requirements, and some of the 

Srinciples involved in their coDstruction. having now been briefly 
escribed, it is proposed to refer in detnil to the following exist- 
ing stations, which are considered to embody most of tlie points 
touched upon .—The '^^ictoria Station at Pimlico, f<»r the London, 
Chatham, and Dover, and the great Western tratlic, fnjm the 
desi^i of Mr, Fowler, President Inst. C-E.; the Victoria 
Station at Pimlico, for the London, Brighton, and South Coast, 
and Crystal Palace traffic, from the design of Mr, Jacoinb Hood, 
M. Inst. C.E. ; the London and North Western Railway ter- 
minus at Eus ton- square, by the late Mr. Robert Stephenson, 
M, Inst. C,E. ; the New-street Station, Birmingham, belong- 
ing to the same Comnuny, and the Statlbrd Station, also on the 
London and North W esterri Railway, both from the designs of 
Mr. William Baker, M. Inst. C.E. ; the Newton Jnnetion of 
the South Devon Railway, from the design of Mr. P. J. Mar- 
gary, M. Inst. C.E. ; the goods station of the Gn^at NortlnTu 
Bail way, at King's Cross, from the dej^ignof Jfr. Joseph Cnbitt. 
V. P. lust. C.E. ; the London, Chatham, and Dover Railway 
workshops at Battersea, from the design of Mr, J. Cubitt and 
Mr. F. r. Turner, M. Inst. C.E. ; and the railway carriage 
factory and workshops of Messrs, Brown. Marshall, and Co., 
Birmingham, from the clesigns of Messrs, Marshall and Ross, 

At the Victoria Station of the London. Chatham, and Dover 
and the Great West^^m Railways, the booking-offices, Ac. (at 
the entrance to whieh is a covered enrriuge-way), arc on one 
•ido of the station. The waiting-rooms are conveniently placed 
near the booking ofhces, and tlie refreshment-rooms are large 
and well appointed. The pareeljj traltic is satisfactorily pi't>* 
Tided for, tlie out -parcels, in -pa reels, and left* luggage of nee s 
bein^ very commodious, Tlie lines rtinning into the station are 
of mixed gauge ; and three trains can \h^ prepared to start at 
the saiiio time. There are two departure pmtforms (one of 
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which 18 worked double), and two arrival platforms, with a eab- 
roatl between. On one of them is the Customs-office, for thii] 
Coat:inental traflic. Connected with the station are sidings fo( 
ipare earriages, a water tank, a coke platform, and an engij 
turn-table. The cab- road has only one point of ingress and 
egress, an arrmigement which is objectionable, from it.^ temleno 
to cause confusion. The mof is in two spans, and the so|i 
ing colimms are ]>laced between two lines oi' rails. 

At the West End Terminus of the London, Brighkm, and 
South Coast RaOway. at the same place, the booking -otKeen ant^ 
waiting-rooms are placed at the end of the stJition, and at ri * "" 
angles to the lines of rail. There are separate offices, plattbr 
(fee, for the Crystal Palace trathe, to prevent crowding. Betwec 
the arrival platform is a cab-road, having a distmct entntnee i 
exit. 

At the Euston Station, the booking-offices are placed on one aid 
of the large entrance hall, from whieh access is gained to the tn 
departure platforms, A glass roof shelters the entrnnee to (' 
station. The New-street Station, Birmingham, is t<*rraiB 
interrnerhate ; — intermediate for the London and North Weste 
and Midland Raihsays, and terminal for the Stour Valley litj 
It is in a cutting between two tunnels. The two main llaeH r 
through the centre of the station, and the platforms are j 
proached by sidings, so that through trains are not stopped 
the station traffic. The principal booking-offices are over 
refreshment- rooms, and on a level with the bridge by wL 
access is gained to all the platforms. The way h indicated 1 
boards, at the top of each staircase leading from the bridge 
several platforms, where fingerposts are placed to point out tJ 
destinatioii of the several trams. An iron and glass roof, ( 
considerable height, covers the station in one s(>an. 

The St^iflbrd Station, recently erected, is terminal for til 
Tr*'nt \^ alley, and Shropshire Union trains, and intA*rijiediate ( 
the LonJon and North Wenteni Railway. Two main lines n 
through the centre, the plattbrms being approached by siding 
There are doeks and sidings tor the arnval, d^-parture, ar 
marshalling of train.s for the London, Biriningham, Tn-tit Valle 
and Shrophire Union lines. At the North end are the pa 
shop, engiac'house, and all the usual conveniences requin 
terminal station. At a short distimee from thepaskeugcr J 
are the gocwls station and the sorting sidings. These it is 
lieved, were first introduced by Mr. W. H, Barlow, M. 
C.E., on the Erewash YaUey Itailway, near Derby. When 
mineral, or gowls train arrives at Staubrd. composed of truck 
going to Biriiiin|rham, or to stations on the Stour \'alley. or U 
the Shropshire Union hues, the trueks are detached and put InK 
their respcH'tive sidings until a sufficient number is obtained t 
form a train. This arrangement saves time, and enables thirty 
sir goods trains to be disptitched from this stiition in the eoar 
of twelve hours. There are in all five sidings, two on the u 
side of the m^in line ; but these are found insufBeient to aceoQ 
modate the traffic ; two for the eoaJ-trade of this town ; 
there is one to the cattle wharf. 

The Newton junction Station is terminal-mtemiediat^ 
the South Devon Railway, and a junction for the branch 
Torquay and Dartmouth.' It is very conveniently armnge 
The apprc»aeh is by a single line of railway at one end ; an 
there are three platforms — two for the main line traifie. and m 
for the Torquay and Dartmouth bninch. Each platform 
easily reached by means of a l>ridgo over the rails. The prina 
pal offices are on the up-side ; and there is a small waitiug^rt] 
on the central, or Torquay platform. Near the stiitiou an* 
repairing- shops, engine- sheds, goods-warehouscs, Ac. 
carriage repairing shops, are supplied with> a traverser, 
which the carringes are deposited on a sliort rail eonnect*5ii w 
a large turn-table at the end, and are then turned on to , 
line, when required for use. 

The goods station of the Great Northern Railway at 
Cross, comprises coal depots and wharves, potato storvs, engii 
sheds, repairing sliedi!, stores, stables, and all the neci's* 
offices, buildings, and appliances required for the jjj<xk1h i 
mineral traffic of the Company. A portion of this site is used I 
the Midland Company, who have their go<-td8 warehouse aJi3 
running shed on one side. The goods shed of the 
Northern Railway is placed at the south end, nearly 
centre of the station yard. There are fourt4>en lines of nu 
ning into it ; and there is a platform on each side for the l 
and despatch of goods. On the outside of the rails, bnt 
the bud ding, space is reserved for the vans engaged in colli? 
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and distributinp; the goods. The outer line of rails on the east 

side of the platlbrni ts used for tmlondiug the trucks with tho 

inward gooda; aud that on the west side for loading the outward 

good^. The inner lines nearest to these are used for the arrival 

^m gf»ods traina, for empty trueks, and lor making up trains for 

^m departure. The trueka, after being unloaded, are taken, bj 

^M means of tum-iables and cross-roads, to the departure side of 

H the station, where the business of loading and de-spatching them 

^V is carried on. The plat forms are commodious, aud each have 

^f two rows of hydraulic cranes^ of alternatelj one and two tons. 

The receiving-ofhees are on the platforms, but the general offices 

are adjacent to the main building. The stables are under the 

platforms ; by whieh aiTangement a great saving of space is 

elTeeted. The gi-anary is at the Houth end of the goods shed, 

through which it is approached bj two lines running through 

the centre ; two otlier lines, one on enfh side of those, being 

reserved for full trucks. When emptied, tho trucks are 

removed by two luics, which run one on each outer side of 

• the goods shed. The latter and the granary are .supplied 
irith water- communication through tunnels under the roads, 
to a basin on the south ; and thenc*' by the same means 
with the Eegeut's Canal, so that lighters can receive or 
discharge their freights directly under thi'se buildings. On 
the west of the gtwjds shed are the coal depots and staiths ; 
&nd a ooal and a stone doek, also eonnected with the Regent s 
Canal. Adjoining, are numerous private wharves for bricks, &c. 
On the north are the engine, repairing, and carriage-sheds. 
There are eleven lines in tbe eentrc, at the extremity of the fan, 
in the repairing shed, with .shops in the rear ; seven Bnes on the 

I south, in the locomotive ]niinting-shed ; aud seven on the north 
in the carriage-shops. Ihe running shed is placed in the centre 
of the fan, in front of the repairing shetl, with which it communi- 
cates by through lines connected by means of a traverser. The 
potato-store and market occupy the eastern portion of the station, 
and are near the Midland goods shed. The whole is conveniently 
Arranged, and the site is well chosen. 

The locomotive workshops of the London, Chat ham, and 
Dover Kail way are situated near the Stewart's Lane station, on 
^m the Metropolitiin extension of that line. The works proper are 
^T enclosed by a wall. At the entrance from the railway, there is 
a buihhug on the right, for the timekeeper and police. A single 
line connects the works with the main line, by means of points 
and crossings. Two parallel lines, running east and west, are 
connected with the several buildings by turn-tables. On tho 

I north of these lines is a nuige of buildings, conlaining the engi- 
neer's otiices, boiler-house, coal- store, grin ding-shop, and turning- 
shop. On the south, under one roof, are the boiler-maker's shop 
and the lamp room. On the west is the erect ing-shop, containing 
ten stalls on each side for engines, and a traverser which rnns 
north and sonlh. On the west of this liuilding is a hooping and 
tyring shop, with a traverser connecting twenty lines near the 
north end of the carriage and wagon shop, iFurther west are 
the saw-miils ; and near these at the extreme west, the engine 
for working them, and also a drying house and a boiler house. 
On the south of the several buildings jtint enumerated are the 
stores. Tin re are niads tor spare trucks, Jtc, connected with 
the main luie, and Imviujj a sepamte entrance. Adjoining the 
works, but not within the enclosure, are tlie repairing shops, 

»and a semicircular running shed, struck with a radius of 150 
feet, only the outside 50 feet being covered. Within this build- 
ing are twenty-one stalls for engines with their tenders. The 
turn-table in the centre is not covered, nor the forty roads 
radiating from it, each of which is sufticient for an engine and 
tender. It is connected with the main lint"* by three separate 
roada. At the back of this shed is a shop for running repairs, 
with smithy, engine and boiler house, and engineers and fore- 
man's offices. A line of niils connects the above shed with the 
works, through an engine we igii -house. 

The J]ritanuia Carriage Works of Messrs. Brown, Marshall, 

^ and Co., of Birmingham, may be taken as successfully embody- 

^m ing the two great requirements of such premises, vix., suitability 

^F of site, and convenience of arrangement. The communication, 

by rail and water, is tVee and uninterrupted ; for a level junction 

with the London and ^'orth Western line, with ample siding 

accommodation, beside Large wharfage on the Statford and B«r- 

minj^ham Canab affords access both to Loudon and Liverpool. 

Thctr position is also central in regard to the district from which 

the necessary materials are obtained, being close to the borders 

of the Stailbrdshirt) coal and iron ilelds. 



On the h*ft are two smiths' shops, parallel with the pubHc 
road beyond. These are intended for the supply of iron- work 
only ; this arningement has proved advantageous, by obviating 
the necessity of interfering with the progress of the ca^rriage 
work. To tne right of the smiths' shops are the bolt shops and 
the titling shops \ln the former all bolts are forged and screwed, 
aud plates bevelled. The saw-mill and log-niUl adjoin ; here all 
the wood-work is planed, tenoned, and mortised, before passing 
into the carriage and wagon shops. In each of the latter are 
eight lines of rails and a traverser communicating with the 
siding. The carriage painting shop is placed next tne erecting 
shop, and communicates with it, but is sufficiently removed from 
the smiths' and the fitting shops to be free from dust or gaaes. 
It has four lines of rails, communicating with the traverser just 
mentioned ; and has attached to it the paint stores and trimming 
room. The carriage -body shop and wagon repairing shops, are 
provided with a traverser through the centre, and communicat- 
ing with the siding. The general stores stand in front of the 
wagon shop. A building in the yard is the shinping stores, 
where the packing and marking are completed. The packaged 
and cases are run upon a tramway, to a crane placed by th< 
inner siding. 

The foregoing have reference only to systems and establish- 
meats now in undoubtedly successful working. It should lie 
understood, that it is impossible to lay down rides which shall bo 
applicable to all railway stations. The fornmtion of the ground, 
the nature and extent of traffic, the capital to be expended, 
and the views entertained by the tbreetors and the traffic 
manager, wiU inevitably modify the arrangements in each case. 
Some rec|uirements, certainly, are common to all stations, while 
others arc otdy exceptional ; but even in those which are more 
oivless indispensable, no absolute rule can be given. Much 
therefore, must always be left to the skill and adaptive power of 
the engineer. Yet the Author would remark, in conclusion^ 
that if, in addition to the essential qualities of a station^spa- 
ciousaess, cleatdiness, accessibility, imd bght — the trains are 
freonent, the fares moderate*, and even low, and if attention he 
paid to the com tort of the passengers, tho results can scarcely 
fail to be satisfactory. 

» - — 

DEPOSITIOX OF METALS. 

The following is the account given by Dr. Dallo, in the 
Journal d' Indu4ttrie^ of the method adopted in Germany for 
covering cast-irou objects with copper, Ihe surfaces are cleaned 
with a brush and hydrochloric acid, and the objects are then 
left in water sbghtly acidified ; they are afterwards placed in 
a bath composed of 25 grammes of oxydc of copper, 170 
grammes of hydrochloric acid, a quarter of a litre of water, 
and half a irtre of alctdiol. A regular deposit of copper 
takes place on the surface of the iron, the rapidity depending 
upon the proportion of the alcohol, which is the active agent, to 
the other ingredients. Tho iron may be coated with the aid of 
pure alcohol only, but in this case the deposit is very thin, and 
m the form of chloride of copper, which is converted in the end 
into metallic copper. The chloride which adhert»s to tlie surface 
sboidd be carefully brushed otf at\er the operation, and the 
surface dried. If iron thus coated with ctjpper is placed in a 
bath consisting of 10 grammes of chloride of iron xna IJ litre of 
alcohol, in contact with metallic xinc, the surface is covered 
with a fine silvery deposit, which adheres (irmly to the copper. 
Copper may also be covered Avith a layer of antimony by the 
following process :— Dissolve chloride of antimony in alcohol, and 
add hydrochloric a^-id until the mklui'e hecomes clear, clean the 
copper well, aud leave it tn the bath for three i]uarters of an hour. 
The eficcfc of the alcohol in the preceding processes is thus 
ci^plained ? it moderates the precipitation of one metal from its 
solution by another metal, and causes the precipitate to fall in 
an extremely divided state ; when alcohol is used alone, wi( hout 
water, the coating of copper thrown down is retluced to 
the last degree of tenuity. It is recommended that when 
tho work is finished it should he well washed, first in water, and 
atVerwards several times successively with a solution of car- 
bonate of soda, and ^ith weak hy<lrochJoric acid, and finally 
carefully dried in a warm place. The perfect silvering of varies, 
or plates of glass, is always a matter of some dilBculty, and 
H. E. Keichnrdt recommends the following method : — Prepare 
four solutions — first, 10 grammes of nitrate of silver to lUU 
grammes of water i secondf, an aqueous aolntion of anuuonia, of 
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0*984 deBFitj; ihird, 20 gnunnieB of caustic bckIa and 600 
gramine* of water ; unci fourih, m Boltition of 25 grammes of 
BTLgftr in 200 ^raTOinea of water, to which is ttdded a cubic centi- 
mm.re of nitnc add, at 3fi^; and let the whole boil for twenty 
minutes. When cold add 60 cubic eouli metres of alcohol, and as 
much water as will make up the total quantity to 600 cubic 
centimetres ; thou take 12 pails of the first, 8 parts of the second, 
and 20 parts of tlic third solution, add 60 parts of water, and 
let the mixture stand for twenty-four houm ; lastly, the Hohitton 
No. 4 is added, when the whole becomes of a blackish tint, in 
consequence of the finely divided precipitate of silver which 
begins to fall. M. Reichardt has discovered that the deposition 
of the silver is CTeatly aided by motion, and that when the bath 
is continually shaken tlie depojsit on the inner surface of fflasa 
vases is always .satisfactory, and he recommends that in silver- 
ing plates of glass they shall be placed in evaporating dishes, or 
other vessels, so that the sides may give an oscillaling motion to 
the liquor in the bath when shaken. In acting on large articles 
he recommends the gla^s plates, or other objects, to be fixed 
within tubs or rata, which may then be rolled or rotated pretty 
rapidly. ^ 

THE INSTrXUTE OF CITIL ENGINEEES, 

Np9fmbfr 13/A— Tho first Paper read waa on the " Bfttil*H of the Em- 
f^offm^ni of St$am Power in Tawing Vei*eta on th« Olouettter and 
Btrkdftf Canait*' by W. B. Cleoram, M. Inst. C.E. 

It whs itaied that lhi« navigation was 16 J miles in length, and level 
from end to end. The width nt the surface varied from 80 fi^et to 100 
feetf with passiog placets from 150 feet to 300 feet wide, and at thv bottom 
from 13 feet to 20 feot, while the depth of water was frt^m 18 fe*t to 
18 ft*et 6 iochcji. Sea-going vesw?b up to 700 tons register, and draw- 
ing ]6 lect, could by it reach Gloaoeoter. Prior to the year I860, tltcso 
vessels were towed by horses, at a cost of about one fnrthtniu; per ton per 
mile, and at speeds varying from I mile to 3 miles an hour. At the date 
named, three steam tug«» fitted with high-prestore ongiine and screw 
propeller*, were parchascd complete for the lUni of £3,00 (\ and were 
placed upon the canal to do this work. Two men and one boy were 
employed in each lug, and the conauniption of coala in each was from 
16 cwt. to 20 cwt. every twelve wurlciog hours. In the four years 
pnding the 26th March, 1865, 1,059,137 tons register of shipping bad 
been towed 10 miles, carrying 1,109,334 tons of goods, at a eoat of 
£6,400, including 15 per cent, per annum on the price of the tugs, to 
oover interest of money, repairs, and n^newals. Applying thia outlay to 
the totinage of the vesaela towed, it gave 1*45 penny per ton for 16 miles, or 
"0906 (about one-eleventh) of a penny per ton per mile, — beinv a saving 
of not far short of two-thirda as compared with the haulage by horses. 
In oonspquenco of a larger and more regular trade ia the six months 
ending the 25th September, 1865, the coat during that pt^riod did not 
•laaed one-thirteenth of a penny per ton per mde. Applied to the 
gCM>dt coQveycd in the vessels in the four years, the result was *0865 of a 
p«nny per ton per mile. The vessels were towed either singly, or in a 
train, according to oircumstances. Sometimes as many as nine, ten, and 
even thirteen laden vessels had been taken by one tug at the rate of from 
3 milea to 3\ miles an hour. The heaviest load after any one tug had 
been 1,690 tona of goodie, in three vessels, which were towed along the 
whole length of the canal at a speed of % miles an hour. For the smaller 
cla^M of vessels, the speed, as a ralei> wai nwtrieted to 4 miles an hour. 

The employment of atenm as a towing power had betn found in 
nearly ercry way advantageous. The work was gn-atlv economised. 
The vessels rubbed much less against the tides of the banks, the towing 
power being right ahead, and not on one side, as with horses. The wear 
to the ropes used in tracking was reduced ; and vessels cotdd be moved 
along the canal in weather which would have prevented boraea daing the 
work. The speed also was incfeascd ; and owing to this, there was now 
no deposit on the sides of the cartel, which formerly took place, and was 
difficult to remove. At prescnl the deposit wjib enliruly at the bottom, 
whence it could readily bo tak'sn out by dredging. The only disad- 
vantage of thij» system, in a cnnal, the sides of which at the water's edge, 
were unprotected, was (he additional wear at that part, cau:^ by the 
constant passage of the tugs, and by the " run " of the water between the 
sides of the larger vessels and the banks. This action upon the banks 
was conhned to a space of about 18 inches only, one-lialf of whieh was 
below, and the other half above the water line. On tbiA canal, a band of 
good woaiher-stone pitching, 2 feet wide, had completely prevented the 
injury, presenting a face along which the water ran harmlessly. It cost 
ttlxiut £1^0 per mile; but as a set-oif to this expeoae, there was the 
dimmishcd wear of the towing-path by the horses, which woa con- 
siderable. 



depth of 5 feet 2 inches of water being maintained upon the cilia, bnt the 
trading depth of the boats was limited to 4 feet 3 inches. The width of 
the canal varied from 60 feet to 80 feet, shallowing at each eide, so aa to 
admit of about 30 feet of navigable breadth in the centre. Upwards of 
30U,000 tons of goods are carried annually over this system, in and out 
of Dublin. 

It was observed that steam power was applicable to canal aaTintioa 
in either of two ways, and both had been attempted on tb« Grand Ctoal. 
First, by placing the machinery in the boats with the oargo; and, 
secondly, by employing steam power merely for towing boats or bargaa 
in trains. Trials had aUo hetm nmde with both a tingle and a doable 
screw, but the latter Woe deemed to be unsuitable for canal purposea. 
In the first effort to introdaee steam power, a voisel was designed to 
carry cargo as well as the maehioery ; but her carrying capacity wit 
found to bo so rtrduced, as to render the speculation unrcmuneratiraL 
Within the last two years hiiwever, a system of hauling boau in trains 
by small but powerful steatnera, had been eueeesafully brought into um 
on a long level of the canal, 2iJ miles. The screw which hod been 
proved to be the best^ had a width of blade at the circumf r - ' ?2 
inches, cut away at the base to the extent that was oori- hi 

strength \ the pitch was an inrreasiog ont% varying from 5 f ^ i..^^l% 
to 7 feet inches. Doe of these steamers towed three laden boacti aaali 
carrying 40 tons of cargo, at the rate of 2^ miles an hour; the preamt 
on the boiler being 60 lbs, per square ineb, tl^e number of revolttttOQi 
75 to 80 per minute, and the consumption oi fuel, which was one patt 
coal to three parts -nf slack, being 112 lbs, per mile. The boats were 
€0 feet long, end 13 feel beam, drawing wlicn laden 4 feet of water. 
On that portion of the canal upon which gteam power hod been apftlicdf 
horses hud now been entirely withdrawn, and two steamLfs r«gnlaHy 
performed a daily service both ways. 

On the river Shannon, the ftesmerfl designed to carry their own carfo 
had to pass through locks, which Untiti^il ihiir length to 72 feet mod 
beam to 13 feet 3 inches. They carried 50 tons, with a draft of water 
at 4 feet 8 inches, and bad been most sucoeaafuL 

In the course of the discussion it was observed that a fourth steam- 
tug was now at work on the Gloncester and Berkeley Canal, and thai ia 
three weeks during the mouth of September la^t, four tugt had movsd 
S.'i.'iSO tons 1ft miles at a total cost of £14> 8s., being not qujta ooe- 
sixteenth of a penny per ton per mile. Un ihe Forth, and Clyds; aod 
the Monkland canals, in the year 1H5S, a Hghtt-r^ capable of cartTtog 
80 tons of cargo, was fitted with srtiall high-preK«iure eoginea, plaoedsa 
close to the st^TU as possible, and a screw propeller. Uaving proved 
successful, engines Wfrt< SLibiteouently applied to a luggage- boat 
35 tons, to one of the canal ice bn alters, to masted lighters, fur 
coasting trade, carrying 120 tons, and to a mineral t^arge ci 
60 tons on the Monkland canal, and 75 tori« on the Fonh and 
Canal. All of these had answered sati&ftietotily, and had been preci 
of seventy steamers now at work on the Forth .and Clyde navigation, i 
from the canal to the contiguous sea coasts. In rvference to the sc9 
tug-boat, ' Birmingham,' which had been employed, from 1S55 
1865, in hauling the barge traffic upon the summit level of the B< 
Canal,— where the sectional area of the waterway travi*i«ad aa 
pared with that of the vessels navigating the canal was about 4 to *i 
except through tht} Ma id a Hill tunnel, for a length of 270 yards, when 
these pniportions were 2 to 1, — it was stated that the cost of working 
that vessel for the eight months ending 3 let May, 1865, was £344 2a, 
The distance traversed was 3,519 miles, the cum Ut of barges h;iulcd 
2,02;i, the gro-^s amount of cargo conveyed 59,738 tons, or with tba 
weight of the barges 9U,083 tons. The cost, including all charg«a, had 
been 1*96 shilliiiK pvr train mile, 1*38 penny per ton of cargo, and til 
of a penny per ton gro&s weight* On the Hi ver Severn steam- tugs had 
been used tor ten ytars ; but now the most efflcirnt plan was conatderad 
to be that by which small direct acting engines were fitted in a 
capable of taking 40 tons of cargo, and of towing one, two, orthrca 
boats after her, according to the strength of the stream agahial 
tliey had to contend. On the Weaver navigation, a canaliaed 
partly river and partly cAnfil, the employment of steam power had^^ 
so profitable, thnt all sailing vessels and hauling by horses were ~ 
rapidly abandoned, wlum dtpendcnoe would be placed upon steiuii 
alone, A si^nes of experiments had been made on the Aahbj< 

Zouch canal, for the purpose of detemiiniog whether tike aj, 

tion of steam power would be injurious to the canal, particularly to 
the banks, when it was found that no prejudicial action took pLac«, ' 
long as the speed was limited to 3 miles or 3^ miles aa hour. 
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The second Paper rend was " Oh the £mpl4»ym§ni ofSt§^m Fo^tfr upon 
ih* Qr^nd Oanat, Ireland^** by S. Healy. 
iTwas remarked that on this system of navig&tlon,which was 160 miles 
in length, the baka were 60 feet long' and 1 3 feet 6 inches wide ; a 



Mu9M0'American Tdctfraph, — Nearly the whole of the ^nrvfim 
on land and tiie sonndi'nffs in Behrings Strait* are c; 
The foUowing works will be oonipleted thia year, di 
amon|i;st SfViral WfiMlons. The line of telt-frrnph will bt Jiii^rth- 
enod StX) miles beyond the Port of Granlo j to Kvitehpok. and 
further in tht* vuUcy of the Anadyr from its mouth to the islaud 
of /biad_)Tnk, Irtim Okhotsk to Giiijigumik, and, perli&j>a, to the 
junction with the Anadyr section. 
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THE EOYAL mSTITUTE OF BEITISH AEGHITECTS. 

CEHTAHf alterations liJiring become upcessary in the manttge- 
xneDt of tke affairs of tlie Institute of British Architects* it hae 
led to the reclassification of its office-bearerB* and particularly 
to the appointment of a paid asgiBtant-secretary. For this post 
we underatand that the applications are numerous, including the 
namei of several good men and true* the consideration of wrbose 
claims will be brought under notice at the meeting on the 
3rd instant* Without anj disparagenient whatever to the 
merits of other eandidatea, the list, so far as published, con- 
tains the names of at least two K^ntlemen who have special 
claims on the attention of the Institute, in eonMpquence of their 
long connection with the Institution and the practieal services 
they have individually rendered in furtherance of its interests. 
The name of Papwortb in well known within the walls of the 
Institute, and the labours of Mr. John W, Pap worth (one of 
the candidatea to whom we refer) in cx?u junction with ki a brother, 
to improve and render more available grnrniUy, the accumulated 
treasures in tlie library, have been neither few nor unimportant. 
Mr. F. T. Dollman, tlie other gentleman to wliom we allude* 
though bis official conn eel ion wilb the Institute dates more 
recently tlian some of his brother offic^^ra, has, we believe, by the 
unanimous testimony of those best qualified to give an opinion, 
discharged in a very zealous and efficient manner the duties of 
librarian, to wliieh he was elected some four years ago ; being 
moreover an individual well and favorably known as au author, 
more ©Bpecially in connection with bis detailed and illustrated 
works, bearing upon niediBeval architecture* Mr. Dollniau may 
therefore naturally consider that the services he has rendt-red 
in both capacities present more than an ordinary cla^m to 
notice, and tliat bis experience in the post juat vacated will add 
not a little to other reeonimendalions. 

Among the candidates are Messrs. Edward Hall and C. L» 
Eastlake, both known in literary cinjles, and Mr. F. Warren, 
Mr. Snell, and Mr, Wallace. 
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THE PROGRESS OP ENGIKEERmG. 

The Institution of Engineers in Scotland commenced the 
Session 1S66-7 on the 31st Oetobcrlayt, under the Presideney ot 
Mr. J. G. Lawrie, who delivered an iutroduetor)^ address, em- 
bodying an interesting sketch of the progress of scientific 
engineering. The proceeding's of this Institution are of much 
interest and utility ; some extracts from the I^resident'a address 
we append: — 

Great as were the advantages derived from the original form 
of the steam-engine, in -Bbieh the same vessel performed the 
duties of steam cylinder and condenser, it is n ever tbel ess an 
instrument immensely behind the DKjdern engine. 1 he inven- 
tion of a mecLanieal prime mover, which shnuld be independent 
of fbe action of the wind, and which, not being fettered to 
situations where fails ol water existtcd. could be placed anywhere 
and extended indt finitely, possessed plainly advantages wholly 
nnattainable without such a prime mover, and was therefore 
fitted to produce an entire revolulion in operations dependi nt on 
the exertions of dynamic force. Beyond the applieatwns falling 
within fhe senpc of a prime mover, such as the original form of 
steam engine, there esisti d even a wider large to wbieb such a 
prime mover could not be profitably applied, and which, cor^* 
8e(|uen!ly, were as entirely shutout from that class of prime 
movers as if it bad not existed. For these, the more perfect 
instrument in the modem steam-engine is peculiarly auajUed. 
In «team navigation, for example, the improved steam-engine 
is rapidly becoming indi»pensable. For that purpose the 
diifertnce betwixt an engine which uses d^lbs. of ct>al per 
horse power p«^r hour, and one which performs the same wt>rk 
with Silbs., is so great that in many cases while the one is 
very much what the circuniNtances and conditions require, 
the other in absolutely worthless. W ith the lonner the expense 
of the fuel would alnne in many cases be a bar to its use ; but 
when to the expense of the fuel is added the ineonipatibility of 
burning 4 ilbs. of coal per horse power, with the recpiirements 
for carrying cargo, the application of such a prime mover is 
wholly tut of the cuestion, and brings into prominent contrast 
the advantages of tne latter. And these advantages are most 
prominenlly Bcrricea rendered by science to the engineer* Iho 




advantages obtained by expanding the steam, the advantagei of 
Burface condensation, and tiie advantages of modern superheat*.] 
ing, wliich constitute the improvements of the modern steam* 
engine, are due altogether to the Hcientifie engineer. Ko one 
of tlie three has been the result of accidental observation^ but 
has been due Ui elaborate and patient investigation. It is true 
that ibe amount of advantage derived from any one or all of 
these improvements ha8 not yet been by common assent definitely 
ascertained, the experience of ditlerent engineers i*bowing 
difierent renults, arising, prolmbly, to a large extent from in- 
accuracy of observation, and also to the different modes by 
which the advantages are sought to be arrived at. While, 
however, tln'j*e diO'erent results are being discussed, questioned, 
and not uufrequently discredited among Ibe doctors, the usera 
of the steam-engine, the public, are plainly in practice answering 
all doubts by a steadily increasing densand for the improved 
Bteani-engines, Bhowing that, although difierent forms may yneld 
different amounts of advantage, they all, in every practicable 
form; yield results of suthcient advantage to mduee their 
extended application. The progress made by these improve- 
ments points palpably to the time, and at no distant period — 
within, probably* fifteen or twenty years — when in steam 
navigation, for every work, except it may be the Khortest coast- 
ing voyages, the injection conilensing Htcnni-cngine will be 
entirely ohsolete. On a vast yfineij of stations the question ia 
not one with a con.suraption of 4 J lbs, of coal per horse-power of 
more or less proJit. but it is whethcT there is to be or there is 
not to be steam navigation at all, anil the advantages of steam 
navigation compared with sail navigation are so tangible and so 
great as to ensure the unremitting attentions of engineers to th<> 
entire removal of the remaining difficulties in the way of the 
improved steam-engine. The great ocean race from Chinar 
which ha.s received so much notice within the last few weeks, 
will undoubtedly, in a very i\'W years, lose its prominence, and 
be eclipsed by a race of far higher sjxvd. 

The great and prominent ifnprcn'ement in the steam-engine, as 
applied more particularly to steam navigation, is the economy of 
fuel, and without that improvement all the others that have 
been made would have been worthless, but with that improvement 
others have been of immense value, as in the change from the 
paddle wheel to the screw propeller. For many services, tho 
paddle wheel was a most clumsy, inconvenient, and undesirable 
mode of propulsion. For all services, except, as yet, in shallow 
water, the screw propeller is nearly all that can be desired. 

Iteeently, a method of propelling ships hy the reaction of water 
issuing from turbine water wheels, now commonly called the 
liuthven mode of propulsion, has been revived, and has lately 
been tried in one of her Majesty's ships, the *' Waterwiteh, * 
This method of prcmelling ships is not without advantages 
peculiarly its own. For example, in many ships, and perhaps 
in all, tlie great power which a ship so fitted possesses 
in discharging an immense quantity ot water, the result, it 
may be, of leak or injury, is of no inconsiderable importance. 
Probably, a facility of manceuvring a ship so lilted is another 
advantage. But there are no good grounds for believing that 
this mode of propulsion will be more economical in the a]>jdica- 
tion of djTiaraic effect or {>ower, or in fuel, than the screw 
propeller, nor even that it will be so economical. In a 
comjjarison of the two modes of propulsion, there are Uirea ^ 
elements which fall to be considered:— 

Ist, Tlie consumption of the power of the machinery due to 
the friction of the jiropelling instrument, 

2ud, The consumption of tlie power of the machinery dae to 
that part of it which is carried ofi'by the water projected from 
the snip. 

3rd, 1 he consumption of the power of the machinery due to 
the jyrcniulsion of the ship, or that is developed in the propulsion 
of the snip. 

To compare minutely the friction in the two methods, it would 
.be necesj^ary to know the surface, in each case, of thepropetlixig 
instrument ; in the one case the surfaces of the screw propeller, 
and in the other the surfaces of the turbine wheel and the surface 
of the water passages. Kven, however, without these measuro- 
ments, it is pfain that the screw propeller has the advantage to 
a large extent in this reRp4H"t. The surtace of the protndling in- 
strument itself is manifestly in favour of tlie screw propeller, 
and the toss arising from the friction of the water in the water 
passages with the turbine wheel has no counterpart at all witJ^ 
the screw propeller. 
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With regard to the oonstimptioii of the power of tho machinery 
in tbat part of it which is carried ofl' by the water that ia pro- 
jected from the ship, it is Iq he observed that with the screw 
propeller, if there be a Bufficient number of blades, the whole 
water in the cylinder, of which the diameter is the diameter of 
the propeller, and the U^ngth the speed or space passed thn>tigh 
bv the ship* i.^ driven off with a certain speed which measnroa 
the reactionary ]>owcr obtained in that way for the jiropuision of 
the ship. If this cylinder bo redneed m dianiet4,^r the water 
mu«t be driven off with a higher velocity to maintain undimin- 
iihcd the reactionary power derived from that source ; and, 
inasmuch as the power carried oif by the water and wastred, not 
bein^ developed m the propulsion of the ship, increases as the 
square of the velocity, plainly the higher the velocity with which 
the water is projected from the ship the (greater the power carried 
off* to waste. Cunsequentlj^, in this respect the turbine wheel plan 
adopted Jin tho *' Watcrwitch," in which the discharge orifices 
ajie of small dimensions, comparatively, and, therefore, the velo* 
city with which the water is projected necessarily considerable, 
ia inferior to the screw propeller. 

With respect to the consumption of the power of tho machi- 
nery due to the propukion of the ship, it is to be observed that 
witn the screw propeller the power of propulsion ia derived from 
two sources— the one beinj^ tne reaction aue to the water which 
is projected baiakwards from the ship, and the other due to tho 
reaction of the water in having imparted to it the velocity with 
which it is projected from the ship. For example, suppose tho 
•hip be pmpclh^d thmugh the water by a propeller working in 
a solid, as it cc»uld be by having for illustration a propeller shaft 
of great length, then all the power of the machinery, with tho 
exception of that required for frictioHj would be employed in 
propelling the ship, and none would bo carried off by wat^r 
being projected backwards from the ship, because none would 
be BO projected. When, however, the propeller works not in a 
solid out in water^ there is plainly reaction obtiitned for the 

Sropulsion of tlie ship, first trora the inertia of the water in 
aving velocity imparted to it, and then there is reaction corres- 
pondinjj to that velocity. The reaction due to tlie iitortia of the 
water m having veloi^ity imparted to it is measured by tho 
rapidity with which that velocity h imparted, and is represented 
by a quantity proportioneddirectly to the velocity, and inversely 
to the time in which the velocity is imparted, or in other words, 
is represented by the expression the velocity divided by the 
time; and if. therefore, the time during which the velocity 
is imparted be reduced to one-half, or one-fourth, or one-tenth, 
or ia infinit^'ly reduced, then the reaction obtained from this 
aotirc^j is increased twice* or four times, or ten times, or is iu- 
fiait<»ly increased — ^that i^, if tho propeller imparts the velocity 
to the water with great rapidity, the reaction will be equal to 
that of the propeller working in a solid. With the turbine wheel 
the reaction obtained from the inertia of the water in having 
velocity imparttni to it is plainly much inferior to that obtained 
with the screw propeller. 

In all the three elemeutB the screw propeller appeaw therefore 
to have the superiority. 

Ist, In the friction of the rubbing surfaces, 

2nd, In the quantity of power carried off to waste by the water 
projected backwards from the ship. 

3rd, In the quantity of power which is developed in the pro- 
pulsion of the ship. 

And the extent of superiority depends upon the details of the 
manner in which the two metb^xls of propulsion are carried out. 

The **Waterwitch" has already been submitted to a trial on tho 
Thames, and in the reiK>rt on the subject which has appeared in 
the press, tlic performance has been greatly landed. Tlie method 
of propulsion has been lauded^ and ike machinery by which tho 
method has been carried into effect has been also very consider- 
aV»ly trumpeted. The facts, however, stated in the report do not 
afford the means of correct inferences respecting the result 
obtained, and the further experiments yet to be made are prcN 
bably desirable to elicit in actual practices the true character of this 
method of propulsion- 

niustratioDs of the progress of scientific engineering could be 
multiphed to almost any extent. Within the last few y^&r9 
engineering has been rapidly changing character* Formerly en- 
pineering was not nearly so mueh us now a succession of seientific 
improvements. Then it was r-uougli in a sense to be a hewer of 
wood and drawer of water, and to travel in a beaten path ; but 



now it is far otherwise, engineering being in all directions fall 
novelties — the dictates of scienc^j. The mode of communicaii< 
between distant places is, we have seen, entirely new, and is tl 
result of laborious, patient, and keen investigation of the oc^ii 
laws of nature. The mode of conveyance both by land and Jiea 
full of the use of Nature's hidden laws. The material which ' 
engineer employs is rapidly being changed, stone beting sn 
seded by iron, and iron in many applications being displa^^^d h] 
steel, produced in a manner entirely new, and due to principles (t 
from obvious. Defining an engineer to be an artificer on matt^^r. tl 
scientific nature of his employment is apparent, whether we coi 
sider him as a fabricator of machines for transmitting inteUigem 
or for transporting the fruits of the earth ; whether he be con- 
giderod as a fabricator of food in high agriculture, which is now 
in reality a manufacture ; or as a fabricator of coverings to pro- 
tect us frtira the inclemencies of the weather in the b-autiftil, 
materials now constantly proilue^d ; or as a fabricator adapi 
everything around us, beneatli us, or over our headi), to ti 
wants and comforts of man. It is no longer sufficient for tl 
engineer to know by rt>te the successive steps necossary in tl 
various operations which fall to be performed by him, and whiel. 
when known, may all be classed under the denomination of hew^ 
ing wood and drawing water. He must be acquainted with tb 
principles or laws of nature upon which these various op*^ratio( 
depend; he must extend tho applications of these principles 
new develnpraents if he would seek to keep abri»ast with tl 
progress of modern engineering. It has been frequently alLrge 
and correctly so, that the task of deciphering Nature's law?, 
that is, of oecoming scientific* is dilBcult of perfonmaace, and 
that any action taken upon a misapprehension of these law* is 
attended with disappointment and disaster. No di>ubt 
erroneous steps be rashly made upon a misconcf-^ption of 
laws of Nature, the result will be di?i appointment and failore 
and in proportion to the rareness of the capacity of convotl 
unders tan fling these laws is the distinction of doing so, and 
value of the reward due to success. These diificulties may 
furnish reasons for diffidence in undertaking the task, but they 
furnish no reasons for discreditinsf or under-valuing the labouft 
of the successful explorers, which an inc^msiderate view of Ih* 
matter has not unfrequently encouraged. 





THE ARCHITECTURAL ASSOCIATION. 

TiiR regular fortnightly meeting of this Assooiadon was held on 
23r1 till., Mr. R. W. Bdis, the President, in ihe chair. The Secr^tarr 
elated that thf} register for architects' assistants kept in connectian wita 
tbe Association, bad hitherto been kcptopun free of ofaarge to alicomeft. 
This was considered scarcely fair to membeni of the AMoeiatlaa, aad^ 
was now proposed bo alter the rule, so that while memboni coni^ntied to 
liaTc their names placed on the register free of charge, noci^fiieaiben 
would bo charged a foe for obtaiaing tho benefits of the InstitutioiL It 
was proposed to charge a fee of ]s. for rbgistmtion, and 2d, Cd. lo 
membcra of th© profoision who were suited with assittaata. Il wv 
therefore propnaed thut the words ** to bo coniulted frse of charge*' be 
left out from rule No. 17. Between eighty and ninety aa»istaiiii liid 
obtaiTieri situntioTiB last year hj moans of the register. The proposal wis 
agreed to, and tho rule altered aocordtngly. The following gratleaua 
were elected members of the Aftsociation ;— Messn. William Alczandar, 

E. Skerritt, Willinm BackhouflCi Eroile Bmndftu, Jamef Winl ' 

F. FiiTcy, P. K Hart, — Gibbing, W. F. Waltw, J, G. Taylor, 
Willi 9| ^f , Foster, Lewis Solomon Dale, W. L, Spiera, and Percy Omk< 

The Secretary read tho i.nnual report of tho Committee of tb« 
elation, for the eesaion 1865-66, which showed that during the eea 
morDbora ha70 been onrolled, and in the same period 23 reii^od^ 
a total aiidition of 55 to the number of members. A summary of fSi 
papers read and of the businesa brought forward on each eTening of lait 
B«4Bion WAS then given, and a unanimons vote of tfaanJu wa« afiooinSed 
to the officers for the past session. 

The annual report stated that— ** Tho library has inci-«aaed ifi 
books and in the number of readers. A stib- committee vu ap- 
pointed by tho AssodatioOi to consider the whole qoestlon tad 
on their report, tt was resolved that the present subscriptioa fai 
abolished, and the library thro wo open to all the memherm* and chst 
a voluntary aubscription of small sums be instituted towarda increaatiif 
tho number of books. A aum of £5 5s. Od. from the fonda of the 
AsDociation was voted to those of the library* The Committee hope that 
the members generally will make "hbq of this important bratieh of tha 
Association. The elaas of design coutinnes to thrive, and tba ikstciifs 
and drawings contribntcd speak well for the ability of the memh«T«. but 
although a great numl>er of aketobea were sent iOf there wore but <bi 
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gentleTDen who were olipibla for competition for tho prizes ; ai hariog 
oontributed the requisite number of designs during the seiiion. 

**The committee aatiounce with regret that tho Toluntary exammation 
oliAB has ceased t« exists eapeciallj fts the aolo caiue woa the scanty at' 
tendance of members, and which repeated eSbrta hare been unable to 
overcome. Wliether the preeeDt untettled state of the architectural 
examination question deterred members from joining, or whether tho 
olasa was considered useless, it is impossible to say. The earn mit tee 
iirg6 on the members, the joimger ones in partiuular^ the extreme im- 
portance of this class and the benefit to he derived from it, and they stUl 
hope that there will be sufficient spirit in the Association to resuscitate 
the class, or establish one for the stndy of practical siibjeota bearing on 
arcbitectuml art. The eommittee congratulate thoM of the membera 
who successfully passed the examination in January last, and tho mem* 
bars generally, that out of the four gentlemen who passed, three were 
membcni of the Association. 

** During the aesaion a letter was refleiTed from the Secretary of the 
snb-oomni it tee appointed by the Royal Institute of British Architects to 
consider the working of the examinations requesting to kriow whether 
any, atid if any, what^ change in the relations was suggested, upon 
whioh a resolution was made suggesting that each gentleman passing the 
examination should he furnished with a certificate atgnetl by the exami- 
ners, and bearing the seal of the Royal Institute of British Architeots, 
•etting fiirth the particular class in which the candidate passed. As the 
iaine request was sent privately to thoso members of the Association who 
bad paased, many detailed suggcationa were made, which, hud they been 
carried into effect, woidd hare tended to popularize the examination, but 
although the sub-committee recommended the greater part of them, tha 
committee regret that almost the whole were thrown out by the general 
body ; so that few alterations from the former scheme will be made. 
While deploring this, they would still say, '* Go forward," as upon the 
spirit in which these exjiminationa are taken up by the younger men 
must depend success. The committee urge on the members to preaent 
chemsolves as well for their own aakes, as for the profession at large. 

" The olasa for the study of figure drawing which was established in the 
last session^ boa continued, and ita progresa in numbers, aa well as tha 
improvement of the members attondiog, has been satisfactory. This 
class differs from tho others, inasmuch as it admits non'iDembera of the 
AasDciation, but the committee hope that some arrangement may be made 
whereby the subscription of the members may be reduced, 

" A claaa for the study of water colour painting and sketching waa or- 
ganised under the direction of Mr. A, Pentey. The class was neces^iarily 
limited in number, but the success haa been very encouraging to all its 
memb^^rs. The Committee remind the members of tho rule that gives 
them the op|>ortiinity of forming classes for the study of various subjectt. 
A good example bavinir been set by the water colour class. 

** Upctn one subject the committee express their disfippointroent. With 
• view to stimulating the members to eiertions, prixea were offered by 
the Aasi>ciation, the Architectural Union Companv, and Measra, Erlia, 
Tite, and Goodwin, for competitions for essays and designs, but eon- 
aidering the large numbers of members, the offers have not been responded 
to in the proportion that might have been expected. 

" In the matter of finaDoe, tho Treojiurer announced the Association 
entirely out of debt, and with a substantial balance in band ; which 
would be materially increased if the members would pay their sub* 
•oriptiona as thoy felt due, by which means a great amount of trouble 
and expense would bo aaved, and the oommittee would know exactly what 
funds they had to enable them to extend the uaefulnessof the Association. 
During the past session the committee have met three times, and from 
the vote that was passed at the last meeting, believe they have gained 
the confidence of their fellow members. They would beg the liberty of 
ezpresalng their thanks to the President, Mr. Robert W< Edis, for the 
onezceptional attention and interest he baa shewn in all that ooocems 
the Association, and they have pleasure in seeing the rules so altered as to 
render him eligible to again serve as President for the ensuing session/' 

The report concluded by stating that, " in looking back on the former 
years of the Association, it is aLn:ioBt wonderful to note the rapid progresa 
that it has made, but while taking pleasure in this, it should be remem' 
berod that there is as much yet to be done. Our country is increasing 
in Dumbers and wealth, and with it our own profosdon, therefore it 
behiOTGa every man (and especially the younger ones), for their own 
benefit as well as for their own profeasion, to qualify themselves for their 
future ivork^ and in few ways can this be more ploaaantly and readily 
ftcoomplished, than by becoming un/ul membors of the Architectural 
Association/' 

The PjiCfliDBNT, in moving the adoption of tlie report, said he must 
first congratulate tho accretaries upon the elaborate and sucoessful 
report which they bud prepared* On the subject of the library, 
he considered that the change which had lately been effected in making 
the library free, and the subscription a voluntary one, was moat bene^ 
floial. It was the only voluntary lending library of its class in London, 
snd the members ought to do their best to mako it a good one. 
He thought if any members or their friends had duplieats copies of 
books, thejr ought to present one to the library, and if every member in 
the Association gave a small sum annuallv to the fund, they might he 
sure that such a ooUectioa of books would be amassed, ai would do 



credit to the institation. It was not a matter of surprise that the 
voluntary examination class had ceasod to exist. He was only sorry it 
hskd been discontinued, bec^auae it was a pre-eminently useful class to the 
members of tho Association. It wai a class which brought the members 
together for study of a varied character, and which engaged their atten- 
tion in subjects which otherwise might not come under their notice. Ha 
hoped that a claaa with similar studies wonld be resumed, whether under 
the name of a voluntary examiuatlon class or otherwise it did not matter. 
It did not behove the President, ad a member of the ln>»titute, to say 
anything against that body, but he confessed he thought it a very 
short-sighted policy whioh had led thorn to treat the *' Voluntary exami- 
nation scheme" in the manner they had done. Thn Institute bad asked 
for suggestions for improving the examinatioa scheme, and when a large 
number of valuable suggestiona had been sent in they had s^t them all, 
or nearly all, aside. Tho evils oomplainod of were still in existence^ and 
the examination was tantamount to a myth. He hoped that the questioa 
of architectural education would ere long be put on a more* satisfactory 
basis, and thaX ultimatt-ly there would be a eompuhort/^ not a voluntary, 
examination of all professional students. The members of the Assooia- 
tioQ would require to continue their efforts in memorializing the 
'* powers above,*' and if it was found that the Institute would do nothing 
in the way of granting a diploma or some other recognition, then it 
would be time for the Architectural Association to do aomething for 
themselves. The President next remarked that it was a matter of regret 
that out of nearly 350 members of the Association only twenty-two 
beloDgod to the figure drawing ckss. This was a most important study, 
and deserved a great deal more attention from students than was 
bestowed npou it. tie hoped many more would join. It was necessary 
for a thorough arti-itic cullure to have a kaov» ledge of figure drawing, 
and it would be found a very pleasant knowledge to have when sketch* 
ing, and one most essential and most important for tho architect to 
possess. All things considered, he congratulated the Asaoeiation upon its 
success during the past sessiun. The number of members hod largely in- 
creased, and in numbers and union lay the Association's strength. By 
incrcAse of numbers they would obtain^ he hoped, iaoieased power, and 
be able to obtain for themselves many things whioh at present they 
conld only look forward to as things " to be/' 

Mr. RmniiT read the report of the library committee, which shows 
that during the past session, the number of books issued baa considnrably 
exceeded the number issued in any corresponding p<iriod. The annual 
payment hitherto of 2», by every member using the library, had been 
remitted, and a general annual appeal to all the members for small sumi 
is instituted, in order to form a fund for making some additiuns to the 
catalogue. Mr. Riddctt in commenting upon the fact that the library 
was now free to all, urged the importance of contributing to the volun- 
tary fund. Unless the fund was properly sustained the scheme of a free 
library could not be carried on. During the post year a number of new 
books had been added and the committee hoped to increase the library 
still further during tho ensuing year. 

Mr. £. B. FunHTread the report of the class of design, which showed 
that it had been very successful during the last session. The original system 
of giving a different subject for each fortnightly sketch has been returned 
to, the plan of a scries of designs illustrating one subject (a large church) 
adopted during session 1861 — lEi65, not seeming to meet with tho ap- 
proval of the member?, as a comparatively small number of drawiags 
were sent in during that period. Tho total number of designs oon- 
tributed amounted to 185. The mode of proceeding adopted at the 
meetiogB has been improved. The Ctuiirman commenced by passing 
round the drawings alowly to the members in rotation for their examina- 
tion, each thus having an opportunity of deciding what criticism to make. 
Aflcr this, the chairman proceeded to criticise each design, exhibiting it 
to tho members present to elicit remarks, 

Tho PKBsiDSirr observed that there had been a marked improvement 
in the class during the post year, not only in tho designs, but in the 
number of drawings given in, and he hoped the class would contintie and 
increase, as its objects wcro moat essential. 

Mr. Tahvbr read the report of the figure drawing class as foUowa : — 
^*The Secretaries report that, in spite of difficulties by defection of 
members, the class has successfully attained the end of a aeoond sessioni 
This is much to the credit of a majority consisting ohiefiy of the ongioal 
members of the class, who preferred paying a slight extra subscription 
(3b. instf:^ad of 7s. a month) rather than allow so useful an undertaking to 
fall to the ground ; and it should bo borne in mind that up to tho end of 
this second session the subscnptions never reached the amount allowed 
for — namely, lOs. a month— when the lolieme was originally proposed, 
The be^t prrjof, however, of the suooeaa of the clati, lies in the fact that 
it has entered upon a third aeasion. Much praise and many thanks are 
due to Mr. Poynter for the very efficient and explanatory manner of his 
teaching, and the class has great cause to regret his resignation. The 
Secretaries express their thanks to Mr. Macdonald Clarke, head master 
of the West London School of Art, who has always rendered them 
every assistance in his power. The number of members who jV* — '* 
the class between October and May was 40. Amongst these wtm 
artists and decomtors, but the bulk of the memben belong to the 
teoluzid Aaaociation/* 
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Mr, L.'W', Btpov inquirpd whether the Institute had taken any step« 
towatds the formation of a Sth<>iil of Art in connexion with architecture, 
u supge«t«d by Mr. Geo Gilbert Scott The Preaident said he believed 
tluit the Inititute had not taken any action in the matter. 

Mr. J. D- Mathfw** the Tr^'asnrer, rend tlie balance abi*et for the past 
ifMion which thowed the total receipts from all sources to ho £176 Os. 2d. 
andtK©e:ipenditupe£l60 1 89. lOd., leaving tbalance in bond of £15 It. 4d. 
H© taid it was a matter of privilege to say that th« Aasociation waa out 
of debt. The committee had made a grant of £5 to the Iibraf7, and had 
TOted 25a. per month to the fi^rure-drawing class. 

The PRtsiDHPtT, in proposing the adoption of the halanoe-sheet* pro- 
posed a Toteot thank* to lh»» Serrelary (Mr. J, D. Mathews)* for tho able 
and earnest mannt- r in which ho tranBticted the bnsine»« of the Asjocintion, 
The balance-ftbt^t was adopted, and the Tote of thanks to Mr. Mathews 
wu unmnirooualy carried. 

The Pkesiiipnt rea<J tho report of the ddejjates to the Architectural 
Alliance Meetini? on 3rd July, 1866, aa f^tjlows:— 

•*Tvro only of mur lUlegntis to the Alliance. Meam^. Thns. W. Rich- 
Tnan and Robfirt W, Edis, attended on the 3rd July last at its meeting in 
CoTiduit-stTeet, and the meeting wna occupi«'d Ihrooghout thednv, finst in 
the coni'di'inlion of the vurious resolutions of tht* nllii-^d totietica relating 
to the propriety of mnking the bill* of qtmntitfes part of the rontract, 
with regard to whith question, althouph it wns gencrallv admitted that 
It was one of much imptmance, and dt-sirvingnf the att^'ntion of th<* pro- 
feasion at large, it was not considered at prt>«ent de^irrUil* for the Alliance 
to take any action thereon, involvini? — as any change in so important a 
matter must needs do — a very conaiderable amount of alteration in the 
present system ; but, at the same time, it was a qiic^ifon which, without 
doubt, was receif ing great fttt"ntion, and one which waa deserving of 
the Hi*rioua discussion and consideration of the architectural societies 
throughout the country. 

"SuHseqnently, attention was turned to the consideration of the form 
of rontract promoted by the Birmincham Society. The position of the 
arohitect asrefzards the builder and hi« client, is one of so much complexity 
that it was felt that no ooneUi»ion could he at present arrived at whirh 
would enable the architect either to obLiin a grejiter control over tho 
builder than at present, and which raij^ht al*o take away frt»m the archi* 
tect all responsibility as r*'gDrds questions of dispute between bis client 
and the builder after hif* certificate of completion had bee n given; and it 
was considered by several of the delegates (hat it would bo undesirable 
for many reasons to make the bill^ of quantities form a part of the 
contrnct, inasmueh that any error therein on the port of the siir^'eyor 
would neees-iarily eauac unpb*a*antnefts between the arcdntect and his 
olient, and, in renlity^ mueh power would h** taken out of the nnhitt ct's 
hands by such addition. It is only fnir to add that, in the ease of each 
of these proposed nltei-ations, thope who hsd actunlly tried ibi m were in 
their favour. But in both \h<se questions, your delegates Im^e eon- 
sidi^red them as eminently worthy of consideration and diaeussion by the 
eeveral socieiies." 

The PHEi*inFNT observed that on the question of whrlher bills of 

cruantities should ft>rm part of the eoijiriirt, the Association debgatea 

{ Messrs. Riokman and Kdis) bt']d diff* rent opinions. At the metting 

opinion was about equally divided, and the question waa left iu an un- 

•ettled utate. 

The reports ftbove quoted were in each case adopted. 



too many paaten^eTa to be iwMommodated on the divans, part o 
them are lodged m burthi** whidi take the plaeeof the rack pro- 
vide' d in Englandf for hats and caps. At length ereryone is 
gnugly enaconsed, the ordinary gooa wishes are eichjinged. and 
it 18 night in the ear. The guard and the driver only keen awake. 
During the twenty hours a pajssen^er is whirled along oetween 
8t. Petersburg and Moscow, the train stops twenty times at least. 
The stations are eles^ant buildings, painted red, with broad 
white facings round the windows and afoag the eaves. Without, J 
the very picture of cleanlinesK — they are weU-stoeked re- 
ceptacles oT the good things of this world wnthin. The pas- 
seiigiT enters a large vaidted hall, scrupahmsly whitewashci 
and paved with Hags. On long table*; a sumptuous renaat await* 
him, every plate over a lighted lamp to maintain the wanntk 
eoually necessary in this country for taste and w holeso(nenea». 
The wmes and beers of evt-ry clime are represented in numerous 
bottles, alternatini^ on the neatly covered tables with steaming 
plates. The hall is in the bare, cold style so oilten met with m 
this country when pomp is not iuteuued ; but the viands are 

food, the waiters ready, and their white gloves unexceptionable, 
need not say the whole affair is dear. 8uch luxuries as thc«»o 
are still regarded and paid for as exotic in this distant latitude. 
The station is an oasis. Hound about, the aboriginal v&ce of the 
country lives in wooden cottages, including the whole ^milj 
and their quadrupeds too, in a &iugb room.' 



RUSSIAN EAILWAY CAIIEUGES. 

ErssTAN railway carriages are thus described by the cor* 
respondent of the Times: — *' *rhe distances travellers have to 
perform in this country are so immense, and the weather is 
frequently so severe, that the idea of giving a sort of domestic 
arrangement to the cars naturally occurred ton people labouring 
under such disadvantages. Eussian railway carriages are little 
houses on wheels. In the first, and partly also iu the second 
class, their interior may be described as a saloon, with all the 
necessnriei*, and some of the elegances, of such an apartment. 
It is furni filled with looking-glasses, heated b}^ porcelniu stoves, 
and bt by lamps and candles. Along the sides soft divans are 
ranjred ; the middle is occupied by a mahogany table, and doulile 
windows with red curtains exclude not only the rude touch of 
the Kussian air, but also the aspect of the winterly sky* The 
oompanv sits or lounges about, cbatting, reading, or playing 
cards, cness, or dominot's. The day passes pleasantly enough, 
and as night comes the passengers betake tbeniselvea to rest 
almost as com fod ably as at borne. By a simple process the 
divans are made intc beds, and supplied with pillows by the 
attentive piard. Ju the first class ttie carnages are also pro- 
Tided with second stories, so to say, reached by an elegnut stair- 
0aae, and fitted with complete beds ; iu the second, if there are 
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TiTE new regulations, long under deliberation, having received ^j 
the need till sanction of her Majesty, are printed and ctr-^H 
culated. and will forthwith come into operation. They rclat«^H 
primarily to the number, nomination, election, and pw>irer 
of associates* The concession is made that the limit of 
twenty Associates may be exceeded ; the minimum is fixtnl aiJ 
that number, but the maximum is left undefined. Under thial 
law, it will be possible to widen the area of the Academy, ao 1 
to make it connnensurate with the art talent of the country. A»l 
to nomination of Associate!!} a changes has been eliVcti'd. The 
old ordinance, which required a candidate to inscribe hia name 
in a book, was regarded as needless and humiliating. This con-^^ 
dition to eh'ction tn now alx dished, and in its stead a candidata^H 
will be proposed and seconded in writing by some friend in the^^ 
Academy. The elections will be then made from the printed 
lists of all the candidates, and the votes and names of the rotert 
may be known on demand of tho mnjority. Ast;oeiates are now, 
for the first time, endowed with votes, and thus vested wilit^ 
power. The elect ;«»n of assoeintes will take place in JanoAr 
and of Academicians in Juuti and December, of each yei 
Though tlie number of Associates may be indefmitely multiplie 
the prospective ri^jht to a pension can never bt^ rested in luo 
than twenty at a time. This safeguard will remain for lo 
superfluous. Other reforms alrc«dv resolved upon await 
accession of space which the new building will a^urd. 



Coast Srmaphorejt and Tehffraphy. — Tlie aemaphores 
on the coasts of Prance have just been placed at the ih* 
the commercial world. These semaphores being in r«^laL 
with the whoK* telegraph system of the empire, eaptaina of «hi] 
may now make known their wantj*, sends orders, and receive 11 
(jtruetions and news without the necessity of entering port* 
harbours, or even of quitting their cotirse for shallow walei 
Elaborate instructions have been drawn up by tiie M ini»*terR of tl 
interior and of tljc marine, and sent to all the port s ji 1 ' ' 1 
commerce in France, for the regulation of the y^ 
coast telegraplKi, the signals used bring those lym .i..^>ii 
code of commereial signals for alt the world, drawn up 
commission appointed by the Knglish and French tioverni 
conjointly, and approved and adopted liy B<'lgiu]n, Italy, 
Porlugab and some other powers. A system arul .0,14' 
when completed, will place the ahips ot*aJl the 
communication with tfie territory of evrry nati^ 
universal adoption. The Kngli^^h Government is now esuKlisl 
ing semaphores along our own coasts on the satne phiu, and 
oomu.'Ction with the same system of atgiiaU. ^ 
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